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OVERVIEW
 The goal of this activity is experiencing the ability to understand and apply the principles of solar energy and how it can have a substantial effect upon the financial well being of people, their families, the environment, and the nation. The next generation will be facing serious energy crisis, which have taken millions of years to form. Utilization of renewable energy sources will help conserve these valuable fossil fuel reserves.

 This activity is intended to provide participants with an enjoyable, valuable learning experience while capitalizing on the innovative nature of humans. Emphasis is placed on recycling previously used materials, which would have usually been discarded. 

Using direct radiation solar energy, attain the highest possible temperature inside the structure during the time allotted and to retain the highest possible temperature until the termination of the testing period.  

CONTENT KNOWLEDGE 

Declarative 
Procedural 

 Examine the various passive and direct solar systems.
 Research and assimilate solar energy concepts.

 Speculate on the future of energy sources and systems.
Select appropriate previously used materials and apply them in constructing a model. 

 Develop solar collector blue prints.
Apply solar concepts successfully to a solar "home" model.

 Examine various temperatures of each solar collector.
Collect and compare quantitative data.

 Write an explanation of their design.
Observe and appreciate the ability of other participants to apply their knowledge in an environment.

 
 Experience both formal and informal methods of evaluation.

 

CONNECTIONS TO NYS LEARNING STANDARDS
List Standard # and Key Idea #: Write out related Performance Indicator(s) or Benchmark(s) 
Standard 1 - Analysis, Inquiry, and Design 

     Students will use mathematical analysis, scientific inquiry, and engineering design, as appropriate, to pose questions, seek answers, and develop solutions.

Commencement - Engineering Design 

     1. Engineering design is an iterative process involving modeling and optimization finding the best solution within given constraints which is used to develop technological solutions to problems within given constraints. 

Students engage in the following steps in a design process: initiate and carry out a thorough investigation of an unfamiliar situation and identify needs and opportunities for technological invention or innovation. 

· identify, locate, and use a wide range of information resources, and document through notes and sketches how findings relate to the problem. 

· generate creative solutions, break ideas into significant functional elements, and explore possible refinements; predict possible outcomes using mathematical and functional modeling techniques; choose the optimal solution to the problem, clearly documenting ideas against design criteria and constraints; and explain how human understandings, economics, ergonomics, and environmental considerations have influenced the solution. 

· develop work schedules and working plans which include optimal use and cost of materials, processes, time, and expertise; construct a model of the solution, incorporating developmental modifications while working to a high degree of quality (craftsmanship). 

· devise a test of the solution according to the design criteria and perform the test. Record, portray, and logically evaluate performance test results through quantitative, graphic, and verbal means. Use a variety of creative verbal and graphic techniques effectively and persuasively to present conclusions, predict impacts and new problems, and suggest and pursue modifications. 

 Standard 4 - Science - Students will understand and apply scientific concepts, principles, and theories pertaining to the physical setting and living environment and recognize the historical development of ideas in science. 

     Commencement - Physical Setting 

     1. The Earth and celestial phenomena can be described by principles of relative motion and perspective. 

· Students: explain complex phenomena, such as tides, variations in day length, solar insulation, and apparent motion of the planets, and annual traverse of the constellations. 

    2. Many of the phenomena that we observe on Earth involve interactions among components of air, water, and land. 

· Students: use the concepts of density and heat energy to explain observations of weather patterns, seasonal changes, and the movements of the Earth's plates.  Explain how incoming solar radiation's, ocean currents, and land masses affect weather and climate. 

Commencement - The Living Environment 

 Human decisions and activities have had a profound impact on the physical and living environment. 

· Students: explain how individual choices and societal actions can contribute to improving the environment. 

Standard 7 - Interdisciplinary Problem Solving 

    Students will apply the knowledge and thinking skills of mathematics, science, and technology to address real-life problems and make informed decisions. 

     Commencement - Connections 

     1. The knowledge and skills of mathematics, science, and technology are used together to make informed decisions and solve problems, especially those relating to issues of science/technology/society, consumer decision making, design, and inquiry into phenomena. 

· Students: analyze science/technology/society problems and issues on a community, national or global scale and plan and carry out a remedial course of action. 

· Students: quantify consumer product data, understand environmental and economic impacts, develop a method for judging the value and efficacy of competing products, and discuss cost/benefit and risk/benefit tradeoffs made in arriving at the optimal choice. 

INITIATING ACTIVITY
Before constructing a solar collector, students will be asked to reflect on previous lessons and experiments on energy and will be asked to answer the following questions.

1) Why would you want to build a passive or direct solar collector (house)?

2) There are two methods of Collecting Solar Energy.  What are they?

      3) What are ways of conserving solar energy?

4) What is solar energy and why use it?

5) Why don't people use solar energy more often?

6) Will solar collectors be efficient in New York where we live?

7) Are house orientation, window sizes, porches and trees important elements in solar control.  If so, How?

Next, they will design (sketch) a solar collector with the help of the instructor.  After approval from instructor students then will have one week to build their solar collector.

LEARNING EXPERIENCES
In chronological order including acquisition experiences and extending/refining 
experiences for all stated declarative and procedural knowledge.

All students have had a foundation on Energy since it is a 10-week class and this is the final end product for them to complete.
All class periods are 84 minutes long.
 Day one: Lesson one - Introduce students to the solar collector project.  Give handout of rules and guidelines.  Review resource materials concerning the topic of solar energy, solar energy acquisition, solar energy use and thermal energy.  Have students brainstorm and make a list of what a solar collector would look like and what materials it would use.  Keep this list to hand in.


Experiments: boil a given quantity of water using solar radiation energy, determine which colors, materials and textures best absorb and reflect infrared radiation.   Take temperature readings inside and outside of a dark-colored car on a cold but sunny day; do the same with a light colored car. 
Teacher will use visual aids from magazines, Internet, and reference books as examples for students to help design their solar collector. 

Highlights - Direct or indirect gain, solar heating can save money, House orientation and window sizing are keys to proper design, thermal storage helps control overheating of spaces, and porches and trees are important elements in solar control.

Day Two-Lesson two: Hand back students lists of materials and solar collectors. Have students think about which ways to improve these products.  Student's analysis should include how to improve their design, materials, or appearance.

Experiments:  Using containers of equal volume, materials and each with water and a thermometer, vary the color of the inside, outside, and water.  Determine which absorbs solar energy best.
Students need to determine scale and size for their model. 

Teacher: Hand out sheet with size and relating the concepts acquired during instruction and research, apply your knowledge in the design of a solar "home". Sketches, experiments, and materials testing to determine the best design and VERY highly encouraged. One pictorial or 3-view sketch of your final design is required.

Rules and Guidelines for building your Solar Collector:
1. You are NOT permitted to spend any more than $1.00 for new materials to build your "home".

2. You may select any materials for your design that you feel appropriate as long as they do not violate the rules.

3.   Students must provide "living space" for the "occupants"! This space must NOT be smaller than 2,000 cubic centimeters.

4.   Construct your "home" and bring it for performance testing on the date specified Testing prior to the date scheduled for the class activity is HIGHLY recommended.

Day Three: 
Students will work on constructing a hard mock-up of solar collector from their drawings.  All materials must be cut to match design.


Teacher:  Assist students in cutting materials, planning models and constructing plans.

Day Four: Students will be given a handout on how their solar collectors will be tested.  Students will be given the rest of the time to work on models.

HANDOUT
1. On the day of the testing, you will be provided a thermometer with which to measure the interior temperature of your structure.  Be sure to provide a 1/4" opening for inserting the thermometer.

2. Take your structure to the testing site.  You will also need the Temperature Record Sheet, a writing instrument and thermometer.

3. 
Place your structure, as you desire, in the test area.  Neither your body nor your structure may infringe upon other participant's solar space!

4. Insert the thermometer into the structure when directed to do so.

5. At specific intervals, record the temperature readings.

6. Continue to record temperature changes at specific intervals for the heating period of the test.  A timekeeper will announce these.

7. Take your structure to the cooling site and record your structure temperature.

8. Continue to record temperature changes at specified intervals for the cooling period of the test.

9. Using your recorded temperature, graph the heating/cooling cycles on the data graph sheet.

Teacher - Answer questions and provide students with guidance when building collectors.

Day 5 - Work day on collectors.  Teacher will remind that day 6 is testing day.

Day 6 - Test collectors and record temperatures.  For a homework assignment have students graph results using the data graph sheet.  Class discussion will take place during the testing of the solar collectors.

Each participant will give a presentation to the group concerning design strategies, construction materials, and the highest and lowest temperatures attained.

CULMINATING PERFORMANCE 
Include rubric(s)

The overall culminating performance is for students to make models of passive solar homes and test them for heat gain and retention characteristics. By studying the efficiency of solar concepts through prior knowledge and experiments the collectors will be made with various materials, colors and insulation.
RUBRIC - There are two different graded parts to this project.  The first is the Drawing/Plans Grade which is weighted 35 percent of the grade, and the model, weighted 65 percent of the grade.

 ASSESSMENT PLAN FOR MODELS AND DRAWINGS

Scoring is broken down as follows:



7- Excellent



6- Standard (Good)



5- Needs Improvement 



4- Unsatisfactory
Model Grade

      7.  Models communicate in depth exploration of possible solutions to the problem. Development of ideas shown.  More than required produced.

   6.  Models communicate good solutions to the problem.  Development of ideas shown.  Required materials present.

   5.  Models communicate solutions.  Models show little exploration and design.  Lacking in materials

   4.  Models communicate solutions, but all solutions are basically the same or required number not done.

Overall Dimensions of Model

7. All required dimensions and notes are present.  Format and placement of materials are correct.  Cuts and curves (craftsmanship) are of excellent quality.

6. All required dimensions and notes are present.  Format and placement is correct.  Cuts and curves (craftsmanship) may need improvement. 

5. All required dimensions and notes is present but less than two missing.  Not all dimensions may be correct or in the correct format.  Cuts and curves (craftsmanship), are of poor quality and needs improvement.

4. Two or more required dimensions and notes are missing.  Dimensions are not placed correctly or in the correct format. No craftsmanship is displayed, very poor quality and not finished. 

Overall Quality

 7.  Model is of the hard mock-up; uses all materials, functions to perform the idea, very realistic, shows top quality craftsmanship.  Realistic in that it can often be used in consumer surveys to evaluate the appearance and the ergonomics of a product.

6.  Model is the appearance of a mock-up; accurate in size, color and texture.

5.  Model is made from simple materials, has few moving or working parts, poorly put together.

4.  Model shows little creativity with no working parts, to right scale.

Drawing Grade


Line Quality
7.  -Lines are dark, uniform, dense, sharp, begin and end distinctly.

-Hidden lines are drawn narrower than the object lines with uniform length dashes and spacing between dashes correct.

-Centerlines are drawn narrower than object lines.  Center dashes are uniform and cross at the center of circle and arcs.

-Circles and arcs are properly drawn with uniform dark dense lines.

6.  -Lines are generally dark, uniform and dense.  They begin and end distinctly. 

       -Hidden lines are drawn with proper spacing and uniform size of dashes.

Lines may not be narrower than object line; lines may also lack some sharpness.

-Centerlines may not be drawn narrower than object lines.  Center dashes are uniform and cross at the center of circles and arcs; lines may also lack sharpness.

-Circles and arcs are properly drawn.  There may be some lack of sharpness or of lines or density.  

     5.    -Lines are usually dark, uniform and dense.  They may not begin and end distinctly.  Some lack of sharpness to the lines is evident.   

-Hidden lines are generally drawn with proper spacing and uniform size of dashes.  Lines are not narrow than object lines.  

-Centerlines are not drawn narrower than object lines.  Center dashes are generally uniform and cross at the center of circles and acres.

-Circles and acres are slightly elliptical.  There is some lack of sharpness of lines or density.

4. -Lines are not dark, uniform and dense.  They do not begin and end distinctly.

        -Hidden lines are drawn without regard to proper spacing and sizes of dashes.  Lines are not narrow than object lines.

-Centerlines are not drawn narrower than object lines.  Center dashes are not uniform and do not cross at the center of circles and acres.

-Circles are elliptical.  They are not sharp or dense.  

PRE-REQUISITE SKILLS
Students must know the different examples of solar designs from prior knowledge and learning experiences. Included in the previous lessons would be Passive Solar Heating of Buildings, passive systems, active systems, conserving solar energy, direct gain etc. These are prior experiments done in class to help have an understanding of the best way to build a solar collector. AutoCAD program use is also a helpful tool in drawing the blueprint.

 


MODIFICATIONS

The following instructional modifications are made: 

provide individual or group instruction as needed 

provide the students with evaluation criteria before starting the activity 

individual IEP's will be followed
The following physical modifications of the classroom are made: 

provide adequate work area for students to work 

provide adequate access to materials as needed 

UNIT SCHEDULE/TIME PLAN
Day One: Introduction, Experiments

Day Two: Drawings, Experiments

Day Three, Four, Five: Model Construction, and Guidelines

Day Six: Testing

The time required for planning the project will vary, depending upon depth the teacher would like to explore with the activity.  Overall, it would take several hours to properly plan, create and make handouts, overheads, and lessons required to complete this activity.

The entire activity could be as short as six days or long as 2 weeks depending on the quality and depth of student work.

It also critical to take a day or two to discuss the final results with the class and review the evaluation process used. 

 

TECHNOLOGY USE
Internet, digital camera, books, magazines, materials dealing with solar design, graph paper for sketching, CAD, handouts, instructional materials, evaluation criteria.

Materials desired for building the solar "homes" are to be provided by each participant. Examples: insulation, thermal mass, and paint etc. The use of recycled materials is mandatory.

Other Materials

 Thermometer, Solar Home Temperature Record Sheet, Solar "home" data graph, blank piece paper, and pencil

