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Note from your Overseer:)

Since it looks like I will be continuing to do this project based lab approach during PH213 for many years to come it seemed to me that it might be good to refresh your memories about my motivations in doing so. 

Each summer I spend part of my summer thinking about cool engineering and physics projects I have run into recently. Because of my own interests this is often from the general area of alternative energy sources and/or what is called appropriate technology. In 2008 I was struck by the same calculation that you all did where it became apparent that the most cost effective (cheapest) form of useful energy available is from solar hot air panels. In 2009 I was looking at some work that grew out of another MIT D-Lab project involving an effort to build a few  kW solar power plant based on an organic rankine cycle entirely from scrap auto parts. A central feature of all of these projects is that I personally have very little knowledge about how they work and what the critical features are. 

One of the core skills I am trying to help each of you develop is your ability to figure things out. This is very different from knowing “facts” or how technology is thought to work. There is a large gulf between an idea and bringing an application of that idea into existence. By setting you the task of trying to understand and implement someone else's idea and application I hope to help you appreciate how capable and, simultaneously, unprepared you are to do this. Let me hasten to assure you that I am personally no different than you except for having had a few more years to practice my skills. 

The joys and frustrations you have experienced as part of this project are precisely those you will experience in your professional careers as scientists and engineers. I hope that you feel more personally aware of how the process of implementing an idea feels. That you appreciate in a more visceral way the time it takes and the many details large and small that must be resolved to bring your idea to life. The persistence and commitment that may be required of you to do so. 

Most of all I hope that you have been reminded of what your skills can help you accomplish to make this world a better place for all of us. While you may have a skeptical view of group work in general I trust that you noticed, as I did many times, how often one of your group members brought an unexpected skill or insight or even just enthusiasm to the project at a critical moment and helped it move forward. 

In the years that I have been doing projects like this I am always tremendously impressed at how much you all accomplish collectively in the very short amount of time we have in this course. In our society we tend to focus rather strongly on completion to the exclusion of other important aspects of any process. Be proud of the work you have done and enjoy this document which I hope helps you see how much you have actually done and accomplished. Congratulations to all of you!!!

- Bruce

Katherine Willis

Malorie Pratt

History and Relevance

The Western methods of delivering power and other resources to populations of people are based on the initial outlay of vast amounts of money and infrastructure in the name of progress. In America, giving power to the people began with government sponsored work projects creating massive power generating dams and carried through the Cold War push for an interstate highway system along which power lines were stretched. This theory of centralized power is the one favored in the developed world. 


Because of centralization of power has worked so well it the US and Europe, it has also been the basis for development when attempting to create power systems in the undeveloped world. This has met with little success. There are a variety of contributing factors, chief among them the lack of stable governments with sufficient funds to create and maintain the infrastructure. Environmental and geographical constraints further hinder centralized power creation and distribution. 


Having witnessed the poverty and difficulty face by people in developing countries Amy Smith, a senior lecturer in the Department of Mechanical Engineering at MIT, has worked to create alternatives to the Western models of power creation and delivery. She founded the D-Lab at MIT where she encourages students to address not only the engineering issues at hand but to also think of the social economic constraints of a project. 

This methodology runs contrary to the traditional way the western World has interacted with the developing world. It is common for foreigners to enter into a developing community and see the problems the locals identify and then offer a solution. These solutions are often based on what worked in a different country and under very different circumstances. These projects frequently perform poorly or fail. 

The main goal of the courses on design Amy Smith teaches is to create and bring working technologies into to field that have a positive impact on the community they affect. In order to gain an understanding about the “design process”, she teaches it is crucial to understand the three revolutions in international development. By understanding the history of how technology was introduced in a developing country, we can learn what techniques are most effective when starting the first steps of the actual “design process”. 

The first revolution of international development is considered to be in the 1970’s, called the appropriate technology. The Appropriate technology stresses a humanitarian factor and the creation of local jobs. Employment opportunities are beneficial and necessary components of development. By providing or introducing technology which creates employment for the local people the project not only addresses the constant issue of poverty in the developing world but also can provide a sense of ownership and pride within the community. The next revolution of the design process continued this line of thinking and community development.

  

Participatory development is the second revolution, which involves working with communities to help formulate solutions and treating them as stakeholders in development and design. The need to engage the community from the beginning and not make assumptions about what their most pressing needs might be is vital. It is crucial to have them feel ownership of the solution and design, and incorporate it into their lives. Amy Smith advocates spending time listening and learning what the community struggles with and then attempt to offer solutions.

  

In the third and most resent revolution a technique known as Co-creation has been introduced, which empowers communities to devise and implement their own solutions. While this is definitely the most effective revolution, it can be the most difficult to successfully execute.  To assist in the development and success of “Co-created” solutions a step-by-step design process has been created. 

All of the steps to the “design process” within the Co-Creation revolution incorporate community involvement. There are 6 steps from the Problem to the Solution. They are as follows: Idea Generation, Concept Evaluation, Detail Design, Fabrication, and Testing and Evaluating. Throughout all these steps it is vital to engage and value indigenous knowledge. By tapping into the local knowledge problems can be addressed and solutions will arise from the people most familiar with the inherent idiosyncrasies of a place. This process is vial since the goal is to create and design for long-term sustainability, as well as promote local creativity and encourages participatory development in the community. This principle for Participatory development can be summed in a Give a man a fish analogy. Give a man a fish, and he eats for a day. Teach a man to fish, and he eats for a life time…but first ask if he likes fish!

Step one: Idea Generation.

Listen to the locals as to the problems they want to solve and hear their ideas on the best way to solve them. Spend enough time to understand and analyze the people and the environment the design will be used for. For example, if the design requires electricity make sure there is a reliable source of electricity around. Make sure it is practical and easy to maintain after the project has been completed. 

Brainstorming is a vital part of this step and involves gathering a large number of ideas that could solve the problem. Once all involved have contributed suggestions then narrow them down to which one will be the most effective. By taking the time to work with a group of locals and hear their input and ideas, the design will end up avoiding many problems that often plague aid projects. 

Step two: Concept Evaluation.

After checking the design to make sure they solve the problem they were designed to eliminate, the next step is intended as a way to look for potential flaws and issues that might arise as the project moves forward. For example, are the materials readily available?  Is the idea practical? What questions and problems do the local communities see in the concept? What are the expected outcomes and are they realistic? 

Step three: Detail Design.

Do the required calculations, material lists, etc (with room for error), of the actual design. Draw drafts of different plans and how to create it with the least amount of materials possible. Make sure the resources are available and the output exceeds the input in effort. For example, if the solar panel requires more energy to create than it will yield…consider a different design. Sounds elementary, but this is an essential step to execute before beginning. The alternative is getting started and then being stymied by problems that could have been avoided.

Step four: Fabrication.

Once the previous steps have been taken it is time to physically construct the item. Murphy’s law rules here and what can go wrong, most likely will. The key to success in this step is to remain flexible and positive so modifications can be made along the way. Again it is best to involve as many minds as possible so the final product isn’t a reflection of one person’s vision, but of the combined effort of a community. 

Step five: Testing.

Once the project and materials have been fabricated and physically built, it will need to be tested. This is to ensure it works and accomplishes the goals of the project. It is vital during this step take the time to write down the strengths and weaknesses of the project and how it could be made better. Does it meet the objectives? Does it work as efficiently as planned? Test it under different conditions, if there is a rainy season – test it in the rain, if it is going to be worked all day, test it all day. Work with it for a while, make sure it is easy to maintain and consider ways it could be modified it to make the outcome more cost and time effective. Don’t be afraid to test, remodel, test, remodel until a final product is created which satisfies the needs and goals of the community. 

Step 6: Evaluating.

This last step takes time. After handing the project and its processes over to the community come back later and evaluate it. Is the community utilizing it in the manner originally desired? If not, why, and how could its function be improved? Take care not to concentrate on any disappointments but rather focus on how not only the project but also the process could be improved on in the future. Critiquing a design after its completion is almost as valuable as creating it in the first place. Review what were the most important considerations governing the design. What was the functionality of the design? Where lies the greatest value? Does it meet the objectives it intended to? Did it surpass its goals? In which ways did it fall short? How could be improved in the future? 


In the end any project has the ability to rise above and become greater than its intended purpose. By creating solutions within a community a project can add much more than just power or clean water. It becomes an exercise in empowering and educating. Allow the aid given the opportunity to create the greatest good possible, and allow the community to grow from the process. 

Project Manager- Geoffrey M.

Scott C.

John R.

Project Scribe- Freeman Y.

Background Art: Trough Collector

A descriptive summary of your project:

Design

Our task was to build a prototype of the solar collector, which consists of a collection mirror as a parabolic trough. The trough is designed to collect energy from the light, focus it at a designated focal line, and convert the energy from a thermal form to a mechanical form. The trough is approximately 7 feet. The focal line on the trough is a black painted copper tube (1/2 inch), at 19.4cm from the bottom of our parabolic curve. The pumping system is a household water pump that pumps at 350 Liters/hour. The reflective material is Mylar glued onto our parabola.

How it works

A vat of water is placed at one end of the trough, with the water being pumped into the copper pipe, circulating it back to the vat.

Choosing A Layout

Parabola VS. Circle

When comparing the focal points of circles and parabolas, we discovered that parabolic shapes have a more concentrated focal point (not to mention it seems to be an industry standard for solar collection). Also, after conferencing with the Modeling group, it was found that in comparing focal points of parabolas versus circles, the parabolic shape is more efficient at concentrating the light energy (when pointed directly at the sun). However, a circular trough design has a greater room for angular error (Geometry Expressions, 2009).

Linear VS. Dish

We chose a linear trough because it allows us to focus the suns’ rays in a linear path, whereas dish collectors concentrate energy to a focal point, which we thought to be harder to collect the energy to transfer into the rest of the system.

A description of the physics concepts that apply to the project:

Heat Transfer

The design of the trough is to collect solar energy through convection to a focal line, via reflectivity. Through thermal conductivity, the heat is absorbed into the copper tube (which is painted black for maximum absorption), then transferred to the water flowing through the tube. Most of the energy comes from the Infrared end of the light spectrum from the sun.

Where it goes…

The energy is absorbed from the trough, and the water is pumped through the pipe, toward a heat exchanger, which in turn will power the scroll expander.

Energy

Through discussions with the modeling group, it was found that the energy input from the sun, on the collector (also taking into account the reflective materials of the collector) for the Central Oregon area is 800-850 w/m2 in the winter (on a clear day) up to 1200 w/m2 during the summer. The energy is mostly concentrated into the copper pipe for heat transfer into the system. The dish is approximately 2.6m2, which means that approximately 2000 to 2500 watts can be collected on a clear winter day.

Additional information needed to understand the project:

Need to know…

The maximum absorption for our trough depends on the angle at which the sun projects its rays at the collecting device. From communication with the modeling the group, it was learned that a maximum of 4 degrees off from direct focus at the sun begins to dramatically drop the energy collection.

The trough is made out of wood and Mylar film, but could be made out of (with enough time) metal and a reflective surface that can bend.

Copper tubing was used, because it has the maximum thermal conductivity of commercial piping.

Total cost as-is is approximately $190.00, excluding cost of labor.

Different scales (costs & technical levels):

Mojave Project

Set in a remote location of the Mojave Desert, this $170 million a year project covers acres of area. Every two weeks, a person goes through the entire field of mirrors to clean them for maximum reflection. This project is one of the highest technical solar collection designs, because of its masses of mirrors, differences of collection mirrors versus reflection mirrors, and its sheer size. Because its volume of mirrors for collecting and reflecting, the project deals with temperature changes in the thousands of degrees Celsius, whereas our project only deals with a couple hundred degree Celsius change.

STG

In an effort to bring electricity to Africa, STG is designing solar collection troughs (very similar to ours) in a low-tech way for energy in remote locations. This group uses supplies from junk-yards and back-yards to build the troughs (and subsequent parts of the system), making for a cheap, and relatively effective system.

Georges Workshop

George uses his trough system to heat a swimming pool. While he may not be using it to collect electricity, the concept of “saving energy” is the bottom line. His system is moderately technical because it is a multi-trough system, attached to a tracking system, which keeps the troughs in line with the sun on a daily basis. His system is may be close in cost to STG (STG does not list their costs), but may be cheaper because his system does not have as many technical parts.
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Glossary

Central Oregon: Including Bend, Madras, Prineville, Redmond, and Sisters, approximate Lat/Long is 44oN, 121oW

Focal Line: The line along a trough where the majority of the light energy is reflected to.

Focal Point: A specific point in space where light energy is reflected. Also, an infinitesimal section of a focal line. 

Household Water Pump: A water pump from a table-top decorative fountain.

Infrared: the part of the invisible spectrum that is contiguous to the red end of the visible spectrum and that comprises electromagnetic radiation of wavelengths from 800 nm to 1 mm.

Mylar: a brand of strong, thin polyester film used in photography, recording tapes, and insulation.

Parabolic Curve: Defined as f(x)=x2.

Scroll Expander: This expander is a refrigeration scroll compressor running backwards.

Thermal Conductivity: the amount of heat per unit time per unit area that can be conducted through a plate of unit thickness of a given material, the faces of the plate differing by one unit of temperature.
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Solar Collector Construction

In an attempt to get a jump-start on the project while we had time early in the term and before groups had been assigned, Geoff MacNaughton and Scott Mellinger (Modeling Group) decided to build the parabolic trough reflector over a weekend. Making the structure out of wood products seemed logical due to a shared background in woodworking and the availability of the needed tools and materials. Being that it was to be a first prototype and likely would not be perfect the first time around, we agreed that a crude structure is all we needed. 

Making the Parabola

The ends of the trough were made from ¾” CDX grade plywood and would hold the parabolic shape of the reflector. We found a website that explained how to draw a parabola using a simple jig, string, and pencil (fig. 1).
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Fig. 1 http://www.sciences.univ-nantes.fr/physique/perso/gtulloue/conics/drawing/para_string.html
We constructed the T-square jig from scrap ½” plywood (fig. 2) and used a framing square to make sure it was square. The focal point F was positioned 16” vertically from point A which was the edge of one of the 4’ sides of the plywood. Our string length from point F running around the pencil at point P to point B was 27”. Because of the roughness of the plywood, it was difficult to keep the pencil against the jig. Through trial and error we found that it worked best to work from the center and work out toward the edges. This way the string would help pull the pencil along. When flipping to the other side of the screw anchoring the string at point F, the string needs to be re-tied around the other screw at the top of the T-square jig or point B. The string was marked to achieve the same length once re-tied.
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Fig. 2 Laying out parabola w/T-square jig

End Pieces

We designed of the original end pieces (fig. 3) to have three main functions. First it was to hold the parabolic shape of the reflector that was drawn on before the rest of it was designed. Next, it needed to support the structure off of the ground so we included legs. Finally it would include a hole to accept a collection pipe that would run through the parabola’s focal point. Using the screw hole at point F left from laying out the parabola, we drilled a 5/8” hole to accept the collection pipe and then opened it up slightly with a Dremel tool and sanding drum to make it easier install the pipe. 

The larger 1-1/4” hole below the focal point hole was only included on one end as a drain hole when the collector is tilted toward the sun. The ends were cut out with a jig saw; the edges were rounded over with a router and then sanded to minimize splinters to the students working with the collector.

[image: image4.emf]
Fig. 3 Original end piece design

Next, we took ¼-round composite molding cut to 4’ lengths and nailed it to the inside of the end pieces following the parabolic curve 1/8” below the pencil line. The exposed flat edge is positioned face up to support the reflector (fig. 4). Because we needed to bend the molding into a parabola we chose composite molding since it is much more flexible than traditional wood moldings. There were two finishes available for the molding: plain white and faux wood grain. We chose the faux wood grain because it was cheaper. 
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Fig. 4 ¼-round molding

Reflector

We researched different reflective materials and found a few different options. The most common was aluminized Mylar which is the same material that foil helium balloons and emergency or “space” blankets are made from. This is available in a few different thicknesses from .5 mil to 2 mil (.0005” - .002”) and ranged in cost for bulk rolls from $.12 -$.25 per square foot:

http://www.nehydro.com/index.php?main_page=index&cPath=8
Other options included aluminized acrylic: 

http://www.americanacrylics.com/mirror.htm
and adhesive backed reflective foil:

http://www.acrosolarlasers.com/mirror.html
Both of these cost $3-$4 per square foot. For the purpose of a first prototype we decided upon using an emergency blanket because of its low cost and availability. These come in 4’ x 7’ sheets limiting the length of the reflector. This worked out to about $.09 per square foot and was .5 mils thick. A note about aluminized Mylar; the aluminum coating is on one side of the film and this is the side to glue down to the substrate. It is slightly less shiny than the plastic side and the metal coating rubs off. The plastic film protects the coating.

The reflector substrate is 1/8” hardboard. Hardboard is flexible and one side is very smooth making it ideal for applying Mylar. We experimented with different methods of applying the Mylar to the hardboard. We first tried using water and dish soap sponged onto the substrate and applying the Mylar with a squeegee as is done with window tinting. After the water dried the Mylar came loose. We then tried diluting wood glue in water but it was diluted too much because it had come completely loose by the following morning. Both of these attempts were done with the full 4’ x 7’ sheets. We then tried a couple of small samples using undiluted exterior wood glue for one sample and marine grade epoxy for the other. Both methods seemed to stick the Mylar to the substrate but with a little force we could peel the Mylar from the epoxy sample. With a little more force it could also be peeled from the wood glue sample but this appeared to be the stronger of the two adhesives and this is what we ended up using. The glue is poured onto the substrate and then spread out into a thin even coat with plastic scrapers. Applying the Mylar took three people. With the glue so thin it would set up quickly so we needed two people to hold the emergency blanket off of the glue so it wouldn’t stick. A third person applied the Mylar to the substrate using a squeegee. 

Assembly

Two 2x4s were used to keep the long edges of the reflector from bowing out when pressed down into the molding nailed to the inside of the two end pieces. The 2x4’s were cut to 7’ long and an 1/8” wide x ½” deep groove was cut into the “4” inch face 3/8” from the edge. The groove fit over the 7’ side of the reflector and was nailed in place (fig. 5).

Next the reflector was pressed down into the molding on the end pieces.  We then drilled through the end pieces into the ends of the 2x4s securing them together with wood screws (fig. 6). A third 2x4 was screwed in place along the bottom underneath the reflector to add stability to the structure. To help keep the reflector in its parabolic shape, we nailed two more strips of the ¼-round molding to the other side of the reflector sandwiching it in place.
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         Fig. 5 Reflector in groove
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         Fig. 6 2x4 stiffener attached to end

Plumbing

The parabolic trough reflector focuses the sun’s energy to a collection pipe centered at the parabola’s focal point. The collection pipe is what is commonly referred to as ½” copper tubing. It actually has a 5/8” outside diameter (O.D.) and ½” inside diameter (I.D.). We chose copper because of its ability to conduct heat and we chose ½” pipe because it had the most surface area to volume ratio. The type that was readily available was type M which has the thinnest wall. The other two are type L and type K; K having the thickest wall. We painted it with heat resistant flat black spray paint to aid in heat absorption. In order to use the energy, it must be transferred to a liquid medium running through the collection pipe. The liquid medium (water in our case) is circulated through a system which extracts the energy from the water where it will then return and the process repeats.  The water must be circulated at a rate that is slow enough to allow the water to absorb all of the available energy, yet fast enough to deliver the energy at the optimal rate at which the extraction system can use it.

For our prototype we needed an inexpensive pump that would approximate these conditions.  The flow rate at which the water is able to optimally absorb the energy is very slow, so the pump can be relatively small.  We considered aquarium pumps, circulation pumps, and using gravity feed.  My sister had a small water feature pump that she was willing to part with so we used it as a first try.  I compared larger versions of the same type that were $40.00 and up and decided that we could set up the system with this donated pump, and if it was inadequate we could replace it later.

To connect the system together, we used clear vinyl tubing and hose clamps to make the system easy to assemble and disassemble.  Because the collection pipe’s O.D. is 5/8”, we needed vinyl tubing with a 5/8” I.D. They fit together nicely but the hose clamps made the connections more secure.  

The total circulation system consists of a focal line absorption pipe, a small (20”) section of clear tubing that connects the copper pipe to a valve to control flow, a small section of clear tubing from the valve to a collection container.  The circulation pump sits in the collection container and sucks the water in on one side, and pumps it out the other.  The pump is connected to a longer (110”) clear vinyl tube that leads to the other end of the copper absorption pipe to complete the loop.

Modifications

Removable Ends

There were discussions that it might be a good idea to test different configurations of collections pipes. An array of three pipes placed horizontally, three pipes places triangularly, a flattened pipe, and larger diameter pipes were all possible configurations. To do this the collector would need different end pieces. If the ends were completely removed every time a new configuration was to be tested the whole collector would need to be disassembled each time which would be time consuming and would likely lead to damage.

Removable ends that could be easily attached while maintaining the focal point location were needed. To do this the collector was stood up on end on more ¾” CDX plywood and the ends were traced so that the new ends could be matched up to the old location and both the original ends and the new ones were numbered because while the parabola is the same at either end the rest of the two ends were not identical due to lack of precision tools. Then the reflector was leaned over a saw horse and the ends were routed out using a trim bit using the top ¼-round molding as a guide. 

The new removable end pieces were then cut out, routed, drilled and sanded just like the original ends and then clamped against the modified end. Holes were carefully drilled through both layers to accept T-nuts (Fig. 4). The T-nuts on the stationary ends would receive the bolts running through the removable ends. The T-nuts in the removable ends would have the threads drilled out. These would just act as bolt guides. This was done to be able to reproduce the focal point location without wearing out the attachment holes in the ends. Two sets of removable ends were made. Both sets had a single hole at the focal point for the collection. pipe. When testing groups get to testing other configurations then other configurations can be added at that time. 

[image: image6.emf]
Fig.7. Modified end

When the collector was first assembled, the location of the collection pipe was tested with a laser pointer. The reflector seemed to focus the light at the collection pipe correctly at that time. Once the new ends were attached, the testing group found the collection pipe location was no longer at the focal point of the parabola. It never was figured out exactly how this happened but the modeling group provided us with the equation w2/(16d) = f to find the distance from the bottom of the parabola. W = width, d = depth from where the width was measured, and f = distance of foci from the bottom of the parabola. Our numbers were w = 38.5”, d = 12.125” and f = 7.64” or just over 7 5/8”. The ends were removed and clamped back on at the correct location, new holes were drilled, and the ends were re-attached and the other set of ends were modified as well (fig. 8).
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Fig. 8 Modified removable ends at corrected focal point

T-Fittings

The testing groups needed to be able to take temperature readings at the inlet and outlet ends of the collection pipe so they requested t-fittings at either end of the pipe allowing them to insert corks with temperature probes running through them into the water (Fig 9). They wanted them soldered on to prevent dripping but we needed to be able to remove the pipe so I only had one fitting permanently attached. The other end was just taped on during testing. 

[image: image8.jpg]



Fig. 9 T-fitting w/cork

Aiming the Collector

The last modification was to add two short lengths of ½” copper pipe attached vertically on each of the removable ends (fig. 10). This would allow the testing group to aim the collector perpendicular to the sun’s rays. When it is aimed properly, the pipe will leave a thin ring-shaped shadow just below it on the edge of the fixed end with the inside of the ring being just as bright as outside the shadow ring.

[image: image9.jpg]


Fig. 10 Aiming tube

Likely Modifications

The testing group showed how important it is to have a system that tracks the sun. In the future I expect that the collector will need to be modified to enable this. This would most likely mean that the legs would be cut off and the collector be altered to rotate around the collection pipe. A framework that tilts one end of the collector up toward the south while supporting the pipe allowing for the rotation of the collector will be needed. When this is done, the two aiming pipes can be removed after the tracking system is proven to work. If this prototype is to be left outside for any length of time, it will need to be given a weather protecting coating to the wood.

After gluing the Mylar down to the substrate we discovered that we had glued it down with alumminized side face up. For prolonged use, the reflective surface will need to be replaced. If Mylar is to be used again, we recommend 2 mil and make sure the alumminized surface is face down to prevent oxidation and decreased reflectivity. A sturdier option would be to try the adhesive backed foil or acrylic mirror. 

A completely different design that is lighter weight may need to be made if the reflector is to be hung from the collection pipe unless a sturdier pipe is used.

Labor and Materials

Labor Hour Estimate: 30 hours total - 18 hours for initial construction and 12 hours for modifications.

	Material Cost Estimate

	Qty.
	Description
	Cost Each
	Item Total

	2 sheets
	¾” CDX Plywood
	$17.97
	$35.94

	3
	8’ 2x4’s
	$1.62
	$4.86

	1 sheet
	1/8” hardboard (Masonite)
	$6.75
	$6.75

	3
	½” x 10’ Type M copper pipe
	$7.99
	$23.97

	1 can
	flat black high heat spray paint
	$6.97
	$6.97

	1 1-lb. box
	2” exterior wood screws
	$7.89
	$7.89

	2
	½” copper T-fittings
	$.89
	$1.78

	2
	emergency blanket
	$2.49
	$4.98

	2
	8’ ¼-round composite molding
	$3.15
	$6.30

	6 bags
	¼-24 t-nuts
	$.98
	$5.88

	8
	1-1/2” ¼-24 bolts
	$.16
	$1.28

	1 bag
	hose clamps
	$7.00
	$7.00

	1 bag
	copper tube straps
	$1.25
	$1.25

	2
	5/8” I.D. vinyl tube
	$7.92
	$15.84

	1 box
	1” finish nails
	$4.00
	$4.00

	1
	water feature pump
	$25.00
	$25.00

	1
	pvc ball valve
	$5.00
	$5.00

	1 bottle
	Titebond II (exterior wood glue)
	$4.98
	$4.98

	Total Cost
	
	
	$169.67


Table 1 Material Cost

Appendix A 

Drawings
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Future Development

In the event that we would have more time to develop our project, here are our ideas of what we’d like to do:

Reflective Surface: 

Different options in place of the Mylar surface are a glass or plastic mirror or a polished metal surface. Each one has its own pro’s and con’s. The plastic mirrors are relatively cheap, but it was advised that the plastic may degrade over time. Glass mirrors are hard to bend, and metal surfaces can be costly (but are durable). We would have liked to investigate other materials because application of Mylar to the parabolic shape leaves lots of wrinkles and air pockets.

Shape:

While the basic parabola shape collects energy, we would have like to experiment with other shapes to give to the testing group to see results. Some other shapes that we were thinking of were; a wider parabolic shape (giving more surface area for reflection), a tighter parabolic shape (giving more room for troughs in a series), or a ½ circle (because many “cheap” resources may come from this shape. IE 55 gallon drums).

Piping
:

· Size- Was ½ inch pipe the best size for testing? Should it have been bigger or smaller?

· Shape- Was the standard circular pipe what worked best? Or would an elliptical pipe been able to collect more energy?

· Set-up- Was 1 pipe best for collecting the energy? Or would our 3 bar system has been better?

Proportions:

Some proportions to look at may have been a cool thing to look into on the parabolic troughs. Would a long and “skinny” trough have better energy collection? Or would a short, “fat” trough be better (as far as doing a three bar collection)

Series:

While an individual trough yields results (that are decent), our thought is that a series of troughs would collect more energy. Another concern on building a series is tracking, so a solar tracker would need to be integrated into the series (because of the maximum 4o offset).

Substance heated1:

Water collects energy well, but is not necessarily the best at collecting energy. Some other thoughts were oil or glycol. Some substances (like refrigerants) would work great (for a complete system), but concerns about containment lead to liquids that are not greatly eco-damaging.

Background Information

Testing: Team Black and Team White
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Summary
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Our task for this project was to produce hot water from the sun’s energy.  To do this we used a Mylar parabolic shaped trough, designed to reflect the sun’s rays at a copper pipe.  This pipe is located at the focus of the parabolic trough and water is pumped at a constant flow rate that allows it to gain optimal temperature increase in the pipe.  Our main goal was testing and determining the temperature difference from one end of the pipe to the other end of the pipe.  The sun’s rays needs to be focused perpendicular to the horizontal plane of the  trough in order to get the optimal amount of temperature difference (Energy, 2008).  An easy way to look at this is shown in Figure 1.  The blue (vertical) lines are the suns light rays coming perpendicularly into the trough, and the red lines are the reflected rays of light.  As you can see, if the sun is directly perpendicular to the vertex of the parabolic trough the light rays will be all reflected towards the focus of the trough therefore creating the optimal temperature difference, which is where our copper pipe is located. 

Some underlying physic’s concepts include, Laws of Reflection, thermal conductivity, and conservation of fluid, Black Body Radiation, and Azimuth.  Below are brief descriptions about the physics concepts and how they relate to our project.

· Laws of reflection

· The law of reflection states that the angle of incidence [image: image15.png]


of a wave or stream of particles reflecting from a boundary, conventionally measured from the normal to the interface (not the surface itself), is equal to the angle of reflection [image: image16.png]


, measured from the same interface (Weisstein, 1996-2007).  This explains why the light rays are reflected to a focal point.  

· Heat Transfer

· The transfer of heat is normally from a high temperature object to a lower temperature object. Heat transfer changes the internal energy of both systems involved according to the First Law of Thermodynamics (Hyper Physics, 2000).  This explains how fast the heat can transfer through the copper and heat the water.
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Pressure

· The boiling point of a liquid is raised by increasing the pressure and reduced by lowering the pressure. It can be demonstrated by the apparatus shown in figure (TutorVista). During testing we restricted the flow rate with a ball valve which caused a slight increase of pressure in the pipe.  Because of this law, it makes it easier for the water gain temperature and gain energy.  This pressure is so minute that it most likely did not affect our results.  Although if you have water under high pressure when another pump this would then make a measurable difference.  

· Black Body Radiation 

· The Black Body pulls heat away from our tube and this could affect our amount of energy that the water can absorb and hold as the water moves though our copper pipe.  

· Convection

· Convection is the transfer of heat energy in a gas or liquid by movement of currents.  The heat moves with the fluid (Convection, Conduction, Radiation).

· Azimuth

· [image: image68.emf][image: image69.jpg] RadOnColForm EEX
Radiation On Solar Collector
Helo

Month 3
Day for

CollectorTit ~ [i5 (deg)

Collector Azimuth [J (deg) Southis 0, + to East
CollectorArea  [rg (saf)

Latitude (50 (deg)

Alttude o (tabovest)

Calculate for Day Caloulate for Months




Solar Azimuth is a measure in a horizontal coordinate system.  The horizontal coordinate system takes the observation point as the origin and fixes the sun's position by giving a compass direction (Azimuth) and elevation above the horizon (Altitude.) (Design). Figure 2 shows us the Azimuth of the sun for the week starting November 16 2009 (Laboratory, 2007).

· Sun’s Energy

· The suns energy is measured in Watts and this handy calculator determines the maximum wattage output on any given day and time.  This only shows optimal time and estimated wattage output from the suns energy (Solar radiation on collector program, 2009). 
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Process

Core Objectives:

Our objective was to test the efficiency of the parabolic solar trough to heat water being pumped through.  We wanted to determine the overall increase of water temperature over x amount of time.  We also wanted to measure increase of water temperature from the point it entered the dish to the point it exited.

· Team Black: The purpose of our tests was to determine the most efficient method of water circulation, dish design and dish orientation so as to create the most energy due to direct sunlight.

· Team White: The purpose of our tests was to determine the most efficient method of water circulation, dish design and dish orientation so as to create the most energy due to indirect sunlight.

Our original task list included:

· Testing that the design of the parabola is adequate

· Determining how to achieve ideal flow rate 

· Testing heat increase under different sunlight circumstances, both artificial and actual

· Analyzing our results

Testing Timeline

After evaluating the amount of time available to devote to not only testing, but also building and modeling the dish we developed the following timeline.  We feel this gives adequate time to achieve our core objectives.  We envision all group members being involved in at least portions of testing, analyzing and reporting on the data.  
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Let’s Start Testing

Equipment setup and testing methods for artificial sunlight:

To begin testing we compiled the following formula.  This allowed us to test in several different environments while maintaining uniform testing methods.

Equipment Used

· -Parabolic dish developed by prototype group 2.09m x .94m

· -One 1000-watt heat lamp

· -One 800-watt heat lamp

· -One 115 V, 16 Hz, 4.5 watts water pump

· -1/2” 1.96m copper pipe, coated with high temperature resistant black paint

· -Labquest thermometer and data recorder

· -3/4” 3.05m plastic tubing 

· -1000 ml beaker

· -1200 ml beaker

Testing Ball Valve for Ideal Flow Rate 10/29/09

Our modeling team informed us that to achieve ideal energy absorption that our pump should operate at a flow rate of 100 ml/min.  Because we are using a manual ball valve we had to conduct some experiments to find how open the valve should be to produce 100 ml/min.

Our first experiment we opened the valve completely, after three trials it had produced and average of 5678.4 ml/ min.  Obviously, this was way to capture the sun’s energy effectively.  

Our second experiment we cut the valve to half open.  Even though we assumed this would also produce to large a flow rate, we wanted to be as consistent as possible in our testing methods.  Our predictions were right in that at half open the flow rate was about 4732 ml/min.

For our final experiment we opened the valve 25 degrees.  The result after three trials was around 150 ml/min.  After collaborating with our modeling and prototyping team we decided this would be a sufficient flow rate.

Valve at 25 degrees

	Time (minutes)
	Volume (ml)

	1
	150

	1
	153

	1
	152


Valve half open

	Time (minutes)
	Volume (ml)

	32.78
	2366

	32.34
	2366

	31.72
	2366


Valve fully open

	Time (minutes)
	Volume (ml)

	30.81
	2839.2

	31.12
	2839.2

	29.15
	2839.2


Equipment Setup Artificial Sunlight
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We laid the dish up on its side, so that the Mylar paper and copper pipe is facing the two heat lamps.  The 1000-watt heat lamp is to be set up .94m from the bottom of the dish and 1.55m from the ground.  The 800-watt heat lamp is .90m from the bottom of the dish and 1.43m above the ground.  The varying distances of the heat lamp will counter act the difference in wattage, so the pipe is being heated as consistently as we can make it at both heat points.  Due to our lack of heat lamps there will be a “dead spot” in the center of the pipe.  

The copper pipe runs parallel to the length of the dish, .20m from the bottom of the dish and .47m from both sides.  Along this line is the focal point of our parabola.

The pump sits in the bottom of the 1000ml beaker and pump water into the plastic tubing.  1200mL of water will run through the system; using as little water as possible should decrease energy loss.  The tubing runs along and is secured to the backside of the dish.  It is connected to the black coated copper pipe on the other end of the dish by hose clamps.  The flow rate produced by the pump is 3330 ml/min; we will us e this flow rate throughout the experiment.

To gather and record our data, place the Labquest thermometer in the 1000 ml beaker.  The thermometer probe should be 4cm from the bottom of the beaker and 1 cm from the edge of the beaker.

Test 1(Thursday November 5, 2009)

Test Method 1

The test objective is to see how much the temperature of the 1200ml of water will increases over a period of 10 minutes.  The first test will examine the increase water temperature when we start with room temperature water, 19.6 degree c.  The second test will examine the increase of water temperature, starting with hot tap water, roughly 34 degrees c. During this test we will run the water through a completely open ball valve because we do not want to harm the pump. 

Test 1 Results 

Pipe Temperature Over Time

Before we began running water through the pipe, we checked to see if the artificial sunlight had the capacity to heat the pipe alone.  Over 8 minutes the temperature of the pipe rose from 28.5 C to 58.57 C; seen in the graph and table below.
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Cold Water Temperature over Time Test 1

Over 10 minutes our temperature rose from 19.5 °C to roughly 26.7 °C, a total of 7.2 °C,   .72 °C per minute.  The increase was not purely linear, but it was a nearly steady incline over the whole ten minutes. 

Warm Water Temperature over Time Test 1

Over the ten-minute time span our warm water increase in temperature from 33.85 C to 34.66 °C; a total temperature increase of .81 °C, .081 °C per minute.

Reflection Test 1

After looking at the data we realized that we should let the experiment run for longer than ten minutes.  This should allow us to see if the water temperature plateaus at boiling point or some degree before.  

The warm water virtually had no change in temperature, from this we learned the ORC runs most efficiently when the water is cool.

Black Team

We set up our artificial sunlight according to equations that would make it as close to real sunlight as possible.  This test produced a change in temperature of only 1% of what our modeling team believed was possible.  We are hoping that when we test with real sunlight the increase will be much more.  Showing the lack of temperature increase had to do, with either poor equipment set up or a major difference between the heat from the sun and the heat from the heat lamps.

White Team 

If the result of this test is the maximum change in temperature that we can produce with our dish then we most definitely will need to track the sun.  On the other hand, perhaps the set up is not producing direct light no matter how hard we tried to have the heat lamps shining directly on the dish or the heat lamp light is just not as intense as direct sunlight.  This experiment then, proves valuable to the White Team because it may be telling us that there is a temperature increase, though not as much as we would like to have, from indirect sunlight.

Test 2 (Thursday, November 5, 2009)

Method Test 2

For this second test, we set up the dish inside at the same specification as Test One.  The prototyping group had made a few changes to the dish at our request.  They cut out some of the wood at both ends of the dish because they felt that this wood was blocking sunlight from hitting the reflective material of our dish.  During our set up of Test 2, we noticed that the copper pipe was not in its focal line anymore. There must have been a mistake somewhere during the previously mentioned modifications of the dish. We temporarily fixed the problem so that we did not lose a day of testing, but it will have to be taken care later. They also soldered on a T-fitting to one end of the pipe, in order to allow us to compare, with two thermometers, the change in temperature of the water entering the pipe and the water exiting the pipe. Because of these changes we are now using two LabQuest thermometers, are inserted at both ends of the pipe.  We are also running these tests for 30 min instead of 10 min.  

Test 2 Part A Results

We started the test with the water flow at full pressure. We had two thermometers, one at each end measuring the temperature of the water as it went into the copper pipe and when it left the copper pipe. Although we could not figure out why, the temperature of the water coming out of the pipe was less than the temperature of the water going into the pipe, the water was still heating up overall. 

It appeared that the water was getting warmer on the way to the start of the copper pipe and cooling down as it went through the pipe!  We discussed this anomaly in our system, and figured that it had to do with how our temperature probes where placed at each end of the copper tubing. During our next test we decided to change how the probes where placed and hoped that it would give us clearer readings. Once 30 minutes had gone by for the full water flow test, we gathered the data and you can see it below. 

Over 30 minutes the temperature of water going into the pipe rose from 25.8 °C to 36.5 °C, increasing .178 °C per minute.  The temperature of water coming out of the pipe rose from 24.5 °C to 35.9 °C, increasing .38 °C. 
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Figure 3 Test 2 Part A

Test 2 Part B Results

After consulting with Bruce, we discovered that our experiment was more important than ruining a pump.  Therefore, for the next test we decided to test the pipe with the ball valve restrictor 25% open. We got new water put into the system and began the test with the newly arranged probes. We let this test go on for 30 minutes as well. You can see that data below.
  The water going into the pipe rose from 25.8 °C to 36.7 °C, increasing .363 °C per minute over thirty minutes.  The water coming out of the pipe rose from 34.2 °C to 36.4 °C, increasing only .073 °C per minute over thirty minutes.
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Team Black and White Reflection Test 2

Both tests on this day were rather inconclusive.  We had expected that with thermometers at both ends of the copper pipe we would see a definitive rise in water temperature from when the water entered the pipe to when it exited.  As you can see from the data, the temperature actually declined from when it entered the pipe to when it exited.  Overall, the water temperature did increase for the entire system, but like our first artificial light tests the rise was minimal.  

The tests proved beneficial in that they solidified our testing methods and gave us confidence in how to test our system. The tests yielded similar results both times and the apparatus as a whole had only small limitations.

Test 3 11/12/09
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Pre-test: At the last meeting, the group decided to test on the next lab day. Well that turned out to be not such a good day for testing, the sun was covered by clouds and at on[image: image76.png]50
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e point it even decided to snow for a little bit. Well being the resilient group that we are we decide that this could actually give us some good data. For the set up this time, we used our insulation for the inlet pipe and the reservoir to help retain the heat. Other than those small changes we stuck to the same procedure as the inside tests.

Test: At the beginning of this test, we did not think that we were ever going to get and real data since t[image: image77.jpg]


he sun was usually covered by the clouds, but we continued to stick it out to see if we could pull anything out of this terrible day.  It was not until almost half way through the test until the sun came out and we could get some data.  This was short lived, but I think that it will make for some rich data. Once the half hour was over, we took the data and made a plot to see what it could tell us.

Post-test: Despite the bad weather, the data was actually quite useful. As you can see in the chart, you can tell exactly when the sun broke through the clouds at 13.5 minutes when the temperature 2 takes a sharp turn up. Then at 16.5 minutes, some clouds cover the sun again and the temperature falls. Then at 18 minutes, the sun is covered up for the rest of the test.   This also gave us some good data on how fast the water can be heated with the trough directly facing the trough. If the sun could have been out a little longer, we could have seen if there was a point at which the water temperatur[image: image78.jpg]


e starts to not heat up as fast and then possibly an apex.         [image: image79.jpg]



 Test 4 Date: 11-11-09
Objective: Try to get data without any clouds in the sky.

Pre-test: Because it is very hard to find a cloudless day in winter here in Bend, we had an impromptu testing. The sun was out and there were almost no clouds in the sky. We did not have a lot of time to discuss what we were trying to accomplish for this test because the sun was setting and we needed to get the whole thing set up and going as soon as we could. We set it up following the same direction of our lab procedure, as we did so we decided that would try another tracking test at optimal water speed of 150 ml per minute. We had a problem this time with how the system was running. Because we were running this test in the parking lot, we had to run the water pump off a power converter in a car. We believe that this could have some restrictions on its power output because the pump did not seem to be pumping as well as it usually did. We opened up the ball valve a little more to compensate for the pump so it looked like 150 ml a minute. This was not measured so it could have been more, or less from optimal. While we were setting up the pipe we noticed that we where no longer aligned with the sun which we had just done about 5 minutes prior to setting up the pipe. We realigned the trough and started the test.


Test: Once the test had started and was running fine, we watched to see how the data was going to progress. It started pretty well as usual, but at 3 minutes into the test, the lab quest stopped. Apparently, we set the test to run from 3 minutes instead of 30 minutes. We decided that this was a good thing because a tree had already started to cast its shadow over the trough. We realigned the through and set the test for 30 minutes. At about 3 minutes into the test, the sun had moved a considerable amount and the trough was no longer aligned, you can see by the graph that the temperature starts to decline very rapidly. We did not want to move the though again so we keep the test going for another eight minutes. When the test hit about eight minutes the energy transfer switched and the water that was running through the pipe was actually getting cooler than the water in the insulated pipe. The sun had set too much by 11 minutes into the test that it was no longer giving us any real data. We decided to pack it up and take what we could from the data.
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Post-test: This was not as successful of a test that we were hoping for. We did talk about the time of day was playing a role in the energy that we could absorb, we compared the data that we got from the previous test to find that we only were absorbing about a third of the energy that we had in the spikes from the other test.
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 Test 5  11-12-09
Objective: Try to get data without any clouds in the sky.

Pre-test: Because it is very hard to find a cloudless day in winter here in Bend, we had an impromptu testing. The sun was out and there were almost no clouds in the sky. We did not have a lot of time to discuss what we were trying to accomplish for this test because the sun was setting and we needed to get the whole thing set up and going as soon as we could. We set it up following the same direction of our lab procedure, as we did so we decided that would try another tracking test at optimal water speed of 150 ml per minute. We had a problem this time with how the system was running. Because we were running this test in the parking lot, we had to run the water pump off a power conv[image: image81.png]voits
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erter in a car. We believe that this could have some restrictions on its power output because the pump did not seem to be pumping as well as it usually did. We opened up the ball valve a little more to compensate for the pump so it looked like 150 ml a minute. This was not measured so it could have been more, or less from optimal. While we were setting up the pipe we noticed that we where no longer aligned with the sun which we had just done about 5 minutes prior to setting up the pipe. We realigned the trough and started the test.

Test: This test followed the same prototyping as the previous tests. The set up went well and the sky was partly cloudy. After our first 30-minute trial, we wanted to continue testing so we immediately started another 30-minute test. This is why the results go to 56 minutes. Both data sets were spliced into one graph. At 10 and 30 minutes, the sky was clear and the sun was completely visible. We tried to track the sun as best as we could. The copper sights were used to align the trough to the sun. The trough was adjusted every 5 minutes or as needed to get the full array of sunlight. 

Results: [image: image22.png]e

w0 |

70
60
50 -
30
20
10

8'sS
S

(44
oS
987
897
Sy

(434
viv
9'6¢€
8LE
9¢

(443
v'ze
90¢
887
y4

(414
e
91T
86T
8T

9T
a2’
gzt
80T

L
'S
9€
871





Future Development 

Several areas could be modified for future development in the testing of this ORC system. These areas include; a full day test, using a more efficient water pump, using an entirely closed system, testing different flow rates, using all metal pipes, and testing different mediums such as antifreeze. 

The most important area for future testing would be testing the system all day from sunrise to sunset. This would reflect the change in energy from the sun and how it would affect the system. This would also show the effect of the different sun angles and how they affect the energy output. Wattage outputs from the sun can be calculated on a given day and we would want to see how efficient our system would be compared to these numbers. 

Tracking and non-tracking systems would need to be tested during all day trials. This is a very important aspect of the testing process. We would test the trough in a fixed East-West orientation and compare it to a fixed North-South orientation. This would show results for a non-tracking system. A tracking system can be tested by following the sun throughout the day and absorbing as much sunlight as possible.

The next most important testing step would be to get a different water pump that would be more efficient in pumping different flow rates of water through the system. Our pump was very small and was not capable of being modified to pump different flow rates. A variable autotransformer, as a voltage regulator, was used to decrease flow rates through our pump. However, the pump was not capable of running at this decreased voltage. A larger pump with variable flow rates would be ideal to test its effect on the system and its energy output. Decreasing flow rates allows the water to heat up more in the system, therefore acquiring more energy from the sun.

The next step in future testing would be to entirely close the system. We would want to close the system off to decrease the amount of energy (heat) lost in the system. An insulated, airtight reservoir would reduce the amount of heat that escapes through the system. A more efficient system would lose little heat, if any. Leaks would need to be preventing by soldering all pipe connections. All pipes would need to be insulated and mounted level to the trough. This would reduce any discrepancies with the uneven piping behind the trough that might alter the systems efficiency. 

Future testing would continue with the testing of different pipes to enclose the system. Metal pipes conduct more heat and can be well insulated. All metal pipes throughout the system would be great to test. More pipes through the focal point might be of interest, or using a pipe that is flat, that could absorb more energy from the trough. We would want to test if multiple pipes or if a flat, single pipe at different angles would be more efficient in absorbing the sun’s energy.

The next step in future testing would be to test different mediums through the system. Fluids with different boiling points would be great to test to see if they produce more energy with the same amount of sunlight. Lower boiling points of fluids in the system might increase the output of the system and increase its efficiency.  

Overall, several areas can be improved upon for future testing. The main goal would be to increase the efficiency of the system in the most cost-effective way. We have noted several areas throughout the testing process that could be improved upon. We would want to change these areas first in order to see how well they affect the efficiency of the system. This would allow us to make the system as efficient as possible before any major modifications are made.



Introduction

This write-up discusses how the Modeling Group comprised a model for determining the amount of energy that can be captured from the sun using a [image: image23.png]


 parabolic trough. The basic structure of the trough and its materials are shown. The following report will show models developed in MAPLE, mathematical equations, calculations, outside observations including the given wattage at various points of the day, and comparisons of the ideal circumstance against the actual data discovered by the testing group. An accountability of errors and results are too discussed in this paper.  

Calculations

Ideal Circumstances

 Specific Heat Capacity 
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One calorie heats one gram of water [image: image25.png]1°C
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Conversion of Joules to watt hour

[image: image28.png]4189 Joules = 0.001162 watt hours




Temperature one gram of water is heated in one minute
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Total Volume of pipe between both ends of reflectors (7’ long of  [image: image30.png]1/2 "



 Copper Pipe)

[image: image31.png]257.708cm?





In one hour the water in pipe is heated 

[image: image32.png]5675.86 °C /..




In one minute the water in the pipe is heated
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Thinking that water would have to increase from [image: image35.png]30°C



 to [image: image36.png]100°C



 (boiling)in order for the trough to be useful, this is assumed because there must be this type of gradient for it to work. 

Time it takes to raise the water temperature [image: image37.png]70°C
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Radiation Losses from copper to black body (sky)

Equation and variables used
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[image: image41.png]o = Stefan — Boltzman constant




[image: image42.png]ipe outer diameter = 0.016




[image: image43.png]Emissivity of copper
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[image: image45.png]Tz = Temperature of Black Body = 280.7 K
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Since radiation loss is [image: image48.png]10.73 wattsy .




[image: image49.png]1 gram of water loses 2.5°C per second




Models/Graphs

Representation of Trough w/ materials used

[image: image50.emf]
Materials Used

Mylar

7’ of ½” copper pipe

Wood

Loss/Gain Schematic

Radiation is reflected off a parabola to the focus, and then it is absorbed by the pipe and transferred into the water through conductivity. The ability for the radiation to do this is so great that there is not restriction for the heat going into the water from the pipe. Once the water heats enough, it will heat the copper again to radiate some heat back into the atmosphere. 


[image: image51]

Chart of Available Wattages 

Excel Chart displaying the available wattages at various times during the day. 

[image: image52.png]Wattage Availability





Based on the above chart, the optimal times to collect the most wattage from the radiation are between 1000 hours and 1400 hundred hours. The peak wattage is at 1200 hours when the sun is directly over head.

Maple Plots

[image: image53.emf]
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Ideal vs. Actual

A number of variations separate the actual data from the theoretical. Because we obtained our daily wattage available from a typical winter day it seems reasonable that the forecasted amount of energy was a bit higher than the actual value. In the modeling we assumed all the light that hit the dish would be reflected into the focus; this however, through testing, was proven to be false. The make-shift Mylar has wrinkles and other defects that could send the reflection in unwanted directions, therefore decreasing the efficiency of the dish.  Also, the coating on the copper tubing could play a significant role in the amount of heat capable of transfer through conduction. The class had initially coated the copper tubing with a black paint to intensify the heat transfer; while this is the right idea the paint started to fall off after enough testing. This paint loss was definitely not accounted for in our maple model. Although the efficiency of the dish has been theoretically optimized, topics like these severely affect the amount of energy output possible for our system. 

Accountability of Errors

When creating the model for determining the amount of energy that can be captured from the sun using a [image: image56.png]


 parabolic trough, the ideal circumstances were achieved without the accounting the possibility of errors in a real life situation. The numbers produced in the model are based on mathematical numbers and equations. There are many outside influences that can produce numbers that are not identical to the ideal. 

There are different factors to consider when placing the trough in real world situations. Some things to consider include but are not entirely limited to are:

· The difference in the reflectivity of the mylar that is placed on the surface of the trough

· Problems with the focus position of the trough

· A bent copper pipe

· Cloud cover

· Convection problems

1. wind

Reflection/Discussion 

As you can see from our maple model on page 7, the actual temperature change is much less than the ideal. This is due to many factors, which were explained on page 8. The percentage of efficiency is approximately 14%, this is relatively decent when considering the materials used and amount of time given to complete the task. Some of the major factors that affected our real results versus ideal are:

· Reflective material (make-shift Mylar)

· Wind

· The angle of parabola relative to the sun’s rays. (If it is off by just a few degrees, it can greatly affect our results.)

· Shape of the parabola itself. (If there are any faults or inconsistencies in the material or make-shift Mylar, then the rays will not as effectively intersect at the focus.)

The question now is “how can we improve this model?” One idea is to develop the trough to track the sun as it rises and sets. This will allow optimum sunlight to reflect off the mirror or reflective material and heat the pipe more efficiently and effectively. Another way to maximize the collection of rays is to give the trough a more shallow shape. Although the more shallow the shape, the more it will raise the focus relative to the vertex. So the key to maximizing our intake of heat is to find the equation for the most shallow shape while still keeping the distance within a reasonable distance (3 feet or less) from the vertex. If we were to have 6 more months on the project we would not only work on these aspects, but a model in maple which shows what percentage of the rays hit relative to the angle between the trough and the sun. This way we can show the maximum temperature change which changes throughout the day. 

Appendix 

[Bruce has a copy of the Maple worksheet for this group]

Garrett Genz, 

Tyson Vandehey, 

Mike Swisher, 

Chad Carlson

Alternator Conversion

Introduction

The normal function of the alternator is to charge a vehicle’s battery while the vehicle is running by using electromagnets and Faraday’s Law to create electricity. To complete this process an alternator requires an initial charge from the battery, and the cars motor to be running to spin the rotor. This spinning rotor generates A/C current that is then converted to D/C current to be used to charge the automobile’s battery and power the alternator’s stator coils. (Figure one displays the parts of an alternator) 

Figure 1 

[image: image57.png]TYPICAL ALTERNATOR




http://www.secondchancegarage.com/articles/images/alternatorLARGE.gif 

Electricity enters the alternator through the IG terminal located on top of the alternator where it travels through the regulator. 

Figure 2 
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http://www.autoshop101.com/trainmodules/alternator/alt104.html
http://www.autoshop101.com/trainmodules/alternator/alt103.html 
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http://www.alternatorparts.com/understanding_alternators.htm edited by Mike Swisher

Corrected understanding of alternator mechanics

Though our procedure is after this, our findings that are corrected from our previous understanding from internet sites are stated below so that our procedure is easier to follow.

The regulator controls the amount of power going into the alternator, which keeps it from overheating. It also increases voltage input to keep the alternator going and lowers it to keep a constant output. This can be bypassed at the f terminal hole in the top of the alternator, but risks damaging it. (Refer to Fig.2)D/C current travels from battery to the regulator directly to the stator coils, which are wound wire loops that overlap three times. These are the stator coils also known as the field coils. After electricity enters the field coils, A/C current can then be generated by spinning the rotor, which is usually spun by the fan belt. The rotor is a rod containing a long piece of wire wrapped around it that attaches to six prawns on top and six prawns on bottom. These prawns create the north and south poles needed to generate the A/C current. (Refer to Fig. 1) This is due to the magnetic field generated from the field coils that overlaps the prawns as it spins. As current is generated by these magnets, it then travels out through the wire to the brushes which are made by having two conductive metal rods that rest on copper springs so current can travel through. These brushes connect to the rotor on to copper rings that are soldered to the rotor wire and magnets. These are needed to get electricity from the rotor because it is spinning. From the brushes, the A/C current flows to two different areas the output diodes, and the diode trio. The diodes work by causing A/C current to overlap until the resulting current is smooth enough to become D/C current. (Refer to Fig.4)From the diode trio the current travels back through the regulator into the stator coils where it allows the alternator to become self-sustaining and independent of battery power. The battery is usually shut off by a switch outside the alternator. The current that travels to the output diodes is converted back to D/C current as well and travels to the battery to charge it. (Refer to Fig.3)

If any concepts above are confusing, it might help to go to http://www.autoshop101.com/trainmodules/alternator/alt101.html.

Though some of the concepts on this site are wrong, the pictures themselves are labeled correctly and help show how the parts of the alternator fit together on a real alternator.

Figure 4


http://islandcastaway.com/stuff/windpower/Alternator%20Secrets.htm 

Procedure 

The first step in the procedure was to gather research and information on how alternators work so that when we observed a dismantled alternator we could identify the parts. This process proved to be difficult because there is a lot of information on alternators, but much of it is misleading or over simplified. After reading how the different types of alternators worked we learned there were single and polyphase alternators. The next step was to figure out what type of alternator we would be using in the project. 

The process of dismantling one of the test alternators was very informative, but also resulted in a lot of confusion and misconceptions because the alternator we looked at did not resemble any of the website diagrams. Dismantling the alternator required a ratchet, vise, and Phillips head screwdriver. After we dismantled the alternator, the next step we took was to gather new information that was more accurate and pertained to our alternator. After some more web research, we used the new information gathered to identify the different parts of the alternator, and tried to identify the path of the electricity that traveled through the alternator. This required us to research each individual part of the alternator. Through examination and research, it was found that we had a polyphase alternator because the stator coils were overlapped three times and there were six diodes. The six diodes were separated into two areas the output diodes that converted AC current from the rotor to DC current for the battery, and the diode trio, which sent DC current to the stator coils. Something to note is that a diode is actually two parts, which are for both the positive and negative charges. 

After dismantling and developing an understanding of how each piece worked by tying our web research our observations, we then tested the other alternators that we planned to modify to see how they worked. When the alternator was tested by spinning the alternator and measuring the output, it was found to function properly, except for the current coming out of the output diodes that normally leads to the battery was AC current. This find was not too surprising because an alternator usually runs at 1800rpms and we are using an electric drill to spin it which does not spin that fast and probably only does around two to three hundred rpms. This would cause the current to become AC because the diodes work by overlapping AC current to form an almost solid line DC current. Since AC current is more of a pulsed current then a solid current it must be overlapped at a certain rate to become DC. The lower rpms of the drill were not able to spin the rotor fast enough so the current was not overlapped enough to become a good DC current so it remained AC current. Figure three gives an example of the different currents. 

The next phase in the process was to figure out how to modify the alternator in a way that allows it to function by producing only AC current that remains non-rectified into DC current. We decided to on two different methods for this. The first method involved soldering wire to the back of the brushes that connect to the rotor. The idea behind this method was since AC current is generated in the rotor we could just extract that current straight from the source. This idea does have a flaw since it by passes both sets of diodes and the diode trio is needed to regenerate the current in the stator coils. This may causes the modified alternator not to function because it will not be able to self sustain itself. This can be fixed by connecting the IG terminal to a power source such as a battery. The other method investigated involved attempting to bypass just the output diodes, which would cause the alternator to still be able to self, sustain itself, but would put out AC current that does not meet resistance from the output diodes. This method seemed to be the better of the two methods, but is complicated do to the fact the output diodes are contained in a chip that also contains the regulator. This one may also have had problems since high rpm’s would probably be required for the current to become sustainable. This was not actually tested and should be looked into next year.

Results 

One good thing recovered from the experimentation was that it was verified that AC current comes from the rotor and not the stator. After soldering the alternator to just get output from the rotor only, AC current was produced meaning that the electricity flow has the DC current going through the stator, which generates AC current in the rotor. Of course, our understanding of how an alternator works which is right before the procedure is a direct result of our experiments. Another finding was that no matter what the voltage input, AC current was produced when the rotor spun. This happened even when the alternator was not receiving any initial charge. It is believed that since the alternator was previously used, current traveling through it created a permanent magnet in the steel plates of the stator, which means whenever the rotor spins, it generates current.

After hooking the alternator up to a power supply and an oscilloscope, we attempted to measure the voltage output at different rpms and different currents in order to be able to create a graph of how much voltage the alternator produces at specific rpms. Unfortunately, because the alternator is used to being attached to a battery, which produces a high current, when we adjusted the current in small amounts, no noticeable difference could be seen in the voltage output.

For next time

We believe that next time there should be research done to compare rotation speed to energy output. It was planned that we would do this research but due to time constraints and scheduling conflicts it was no feasible to understand the techniques needed to manage this. Maybe the needed initial combination of rotation speed and initial voltage could be researched. The Nepal Ghatta project could be very helpful in that respect. In addition, it is necessary to find out how the alternator can plug into the scroll compressor and the heater. I hope that the energy produced from the solar trough can spin the compressor fast enough to spin the rotor on the alternator at sufficient speeds. Another thing to consider is different types of stators. There are two types of stators and one works better at lower rpms (in terms of the rotor) due to electrical connections so that should be looked into. These are the wye stators vs. the Delta stators. 

For alternatives to producing only AC current, hopefully the output diodes can be found inside the "regulator chip" thing to be "taken out" of the circuit so that only AC is produced and the current is not rectified. Though soldering the brushes has created a great start. From what we found out, it seems that the output diodes are attached to the back of the regulator making it hard to bypass.

Another thing the groups can do next year is use an actual car battery, or finds a way to simulate one in order to find out the output voltage of the alternator at specific rpms. If the group manages to bypass the regulator chip, the changes in voltage at low changes of current may be more noticeable.

Reflection

Overall, this was a very challenging project for all of us. Only one of our groups had any prior knowledge to mechanics and so it felt like feeling our way in the dark. Our usual safety net (Bruce) happened to have little information on the matter so it resulted in relying heavily on internet sites, which constantly contradicted each other. Through careful analysis and the use of diagrams and pictures, we managed to construct an understanding of how the alternator really works. Experimentation gave us insight on the actual path of current through the alternator and though we only gave the bare bones for the start of this project, it can give people quick information on the mechanics so they can start working on applications to the bigger picture.

Great sites

http://www.autoshop101.com/trainmodules/alternator/alt101.html 

This site is the best one for pictures though some of the concepts are skewed.

http://web.media.mit.edu/~nathan/nepal/ghatta/ 

This site is an account of people trying to use an alternator in 3rd world countries. Very helpful insight from experience.

The rest below are sites used to deepen our understanding though explanations and facts vary for accuracy. They are to be used as a reference to our process of understanding this.

http://www.autoshop101.com/trainmodules/alternator/alt101.html
http://islandcastaway.com/stuff/windpower/Alternator%20Secrets.htm
http://www.electricianeducation.com/theory/electrical_power.htm
 http://www.google.com/imgres?imgurl=http://www.secondchancegarage.com/articles/images/alternatorLARGE.gif&imgrefurl=http://www.secondchancegarage.com/public/91.cfm&h=323&w=400&sz=62&tbnid=2jmOYsCX90JijM:&tbnh=100&tbnw=124&prev=/images%3Fq%3Dalternator%2Bdiagram&usg=__UKrFzjDVwLd8pwv7AbpoGtgQwAY=&ei=9drpSsvvCpDUtgPMo93eCA&sa=X&oi=image_result&resnum=1&ct=image&ved=0CA4Q9QEwAA 
http://www.nationsautoelectric.com/function.html 
http://www.venselenterprises.com/techtipsfromdick_files/alternators.pdf 
http://www.amsterdamhouseboats.nl/voltage_regulator.htm 
http://www.alternatorparts.com/understanding_alternators.htm 
http://web.media.mit.edu/~nathan/nepal/ghatta/alternator.
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System:


Our system is based off last year’s Hot Air Panel design. The basic concept is to create a hot region of cans that can transfer their energy to air flowing from bottom to top. 


[image: image61]
The system is put together as shown above in a fashion that creates a solid backing and sides of wood with thin insulation on the back and seven rows of cans running down the length of the 2x4’s. The face is covered with a single pan glass sheet.

Supplies:

35 Cans

2 Eight Foot 2x4’s

1 (3 inch thick) sheet of insulation

1 single pan glass sheet 

Physical Concepts / Applications:

The underlying physics concepts for this project are based around thermal conductivity. This is how heat is transferred through different materials or how heat is distributed around material like a pop can. When thinking about what we wanted to use for materials the first thing that came to mind was a metal that would allow heat to transfer right through it and into the air. Then we realized that we did not want the heat to just flow through the metal but distribute throughout the metal to allow the air to move over more surface area to heat it. Once we figured out what we wanted for metal we began looking at what to do about the 2x4 sides around our cans. What we decided to do was use hard, 1” thick insulation on the inside of the hot air panel to eliminate the amount of air escaping through cracks in the wood but also you radiate the heat back into the cans instead of out through the wood. It turns out that by understanding the physics going on in this project it allowed us to improve what was done before and increase the total temperature created by the hot air panel. 

Our project was building off last year’s hot air panel. The idea behind this project was to figure out how to make a solar powered heater for close to no money that would post good results. Last year this hot air panel was made out of pop cans, plexi –glass, 2x4’s and plywood.  The one thing that they could not get to work was a fan that would control the amount of airflow through the panel. To start we took the last years deliverables and began working off that. The one thing that they felt needed to be figured was the airflow created by a fan located at the bottom of the hot air panel. If we figured this out, we would be able to control the temperature at which the air coming out of the hot air panel would be. 

Important Information:


[image: image62]

Our basic idea for improvement had to do with in energy lost through the thin insulation.  Other ideas for improvement have to do with airflow, and air circulation.  Other possible improvement could possible plexi glass to capture IR range of light, and possible making the glass parabolic to capture reflections.

Relevant Web Sites:

http://breezedynamics.com/Build-a-Solar-Hot-Air-Heater.php
  

 HYPERLINK "http://www.reuk.co.uk/Make-a-Simple-Solar-Air-Heater.htm"
http://www.reuk.co.uk/Make-a-Simple-Solar-Air-Heater.htm
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The top model shows the temperature change for our expected, ideal, and the watts. The parabola with rays to the left shows the focus point of our paraboloid. The model on the right shows the curve having the characteristics of a circle and that it has no focus. All rays do not meet at one single point.








�	 All these categories are questions for the testing group. It would have been good to see which one would have worked better, but the determining factor is what would be better for testing.
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