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Introduction:

Solar cooking offers an inexpensive, non-polluting method of food preparation. This Technology Learning Activity provides a hands on learning experience, which supports instruction in Renewable Energy and Passive Solar curriculum topics.

It is possible to build a solar oven with only cardboard, aluminum foil, tape, and a piece of glass or Plexiglas. Additional tools and materials may be used for more durable and efficient ovens. If this approach is used it is recommended to first build a prototype from cardboard, then in the redesign process the prototype experience can be used to design an advanced model.

Most foods can be cooked in a solar oven. A typical solar oven will easily reach at least 250 degrees Fahrenheit High heat is not necessary. Internal food temperatures do not go above 212 degrees Fahrenheit during cooking. If they did the moisture would be forced out and the food would be completely dried. As the students will learn in their research, it is a matter of extending the cooking time when a recipe calls for a conventional cooking time at high temperature (e.g. 350 degrees). The solar oven will cook the food; it will just take longer for the food to reach the desired internal temperature.

Using the design process, students will research, design, build, and test & evaluate a solar oven. Finally they will write a research paper detailing their experience.

Learning Objectives:  


From the Massachusetts Science and Technology/Engineering Curriculum Framework, Strand 4, revised May 2001.

1.  Engineering Design XE "Engineering Design" 
Broad Concept: Engineering design involves practical problem solving, research, development, and invention and requires designing, drawing, building, testing, and redesigning.

1.1 Identify and explain the steps of the engineering design process XE "engineering design process:steps of" , i.e., identify the problem, research the problem, develop possible solutions, select the best possible solution(s), construct a prototype, test and evaluate, communicate the solution(s), and redesign.

1.2 Demonstrate knowledge of pictorial and multi-view drawings XE "drawings:types of"  (e.g., orthographic projection, isometric, oblique, perspective) using proper techniques. 

1.3 Demonstrate the use of drafting techniques XE "drafting techniques"  with paper and pencil or computer-aided design (CAD) systems when available.

1.4 Apply scale and proportion XE "scale and proportion"  to drawings, e.g., ¼” = 1’0”.

1.5 Interpret plans, diagrams, and working drawings in the construction of a prototype.
2.  Construction Technologies XE "Construction Technologies" 
Broad Concept: Various materials, processes, and systems are used to build structures.

2.2 Identify and explain the purposes of common tools and measurement devices used in construction XE "construction:tools used in" , e.g., spirit level, transit, framing square, plumb bob, spring scale, tape measure, strain gauge, venturi meter, pitot tube.
4. Energy and Power Technologies–Thermal Systems XE "Thermal Systems" 
Broad Concept: Thermal systems involve transfer of energy XE "energy:transfer of"  through conduction, convection, and radiation, and are used to control the environment.

4.1 Differentiate among conduction XE "conduction" , convection XE "convection" , and radiation XE "radiation"  in a thermal system, e.g., heating and cooling a house, cooking.

4.2 Give examples of how conduction, convection, and radiation are used in the selection of materials, e.g., home and vehicle thermostat designs, circuit breakers. 
4.4 Explain how environmental conditions influence heating and cooling of buildings and automobiles.

4.5 Identify and explain the tools, controls, and properties of materials used in a thermal system, e.g., thermostats, R Values, thermal conductivity, temperature sensors.

7. Manufacturing Technologies XE "Manufacturing Technologies" 
Broad Concept: Manufacturing processes can be classified into six groups: casting and molding, forming, separating, conditioning, assembling, and finishing.

7.2 Differentiate the selection of tools and procedures used in the safe production of products in the manufacturing process, e.g., hand tools, power tools, computer-aided manufacturing, three-dimensional modeling.
Materials: 
Plexiglas, Cardboard, X-Acto knives and/or box cutters, Duct Tape, Masking Tape,

 Aluminum Foil, Band Saw, cooking thermometers (ideally one for each cooker), 


insulation.

Note: 
Additional tools and machine may be used if the solar cookers are to be built 

of materials other than cardboard. If this approach is used, it is recommended 

that the prototype be built from cardboard and the redesign/refined cooker be 

made from sturdier materials.

Procedure:

1 Introduction

a. Pass out Student Sheet #1

b. Discuss the problem to be solved through this activity

c. Discuss the Engineering Design Process (Strand 4, Standard 1.1)
d. Break students into teams (if desired)

2 Research

a. Pass out Student Sheet #2

b. Discuss how food is cooked by conventional oven vs. solar oven

c. Pass out Student Sheet #3

d. Students go online and answer questions from Sheet #3

3 Design

a. Discuss solar cooking principles (Strand 4, Standard 4.1, 4.2, 4.4, 4.5)
i. Cooking temperatures

ii. Availability of Solar Energy

iii. Solar Constant

iv. Insolation

v. Heat Transfer

vi. Conduction

vii. Convection

viii. Radiation

ix. Insulation

x. Efficiency

xi. Heat Losses

xii. Usable Heat

b. From research, the students choose a design for their solar cooker

c. Discuss the drawing of model solar cooker 

d. Compare the drawing to the actual solar cooker

e. Students draw sketches of their cookers (include dimensions) (Strand 4, Standard 1.2)
f. Introduce students to basic drafting practices (on drawing boards and/or CAD)

i. Drawing Tools

ii. Paper Setup

iii. Multi-view Drawings

iv. Drafting Techniques

g. Students produce a three view drawing of their solar cooker design (Strand 4, Standard 1.3, 1.4)
4 Fabrication

a. Students gather materials.

b. Safety instruction & Quiz

c. Hand tools instruction & Quiz

d. Power tool instruction (if utilized) & Quiz

e. Fabricate! (Strand 4, Standard 1.5, 2.2, 7.2)
5 Testing and Evaluation

a. Record ambient temperature (use Student Sheet #4)

b. Set up the solar cookers

c. Record temperature inside cooker

d. Place food into cooker with cooking thermometer

e. Record temperature at 5 minute intervals

f. Remove food when proper internal temperature is reached

g. Taste test!

6 Communication

a. Students record their experiences and observations in an Engineering Report

b. Pass out Student Sheet #5

7 Additional Activities

a. A solar oven captures the sun’s light to utilize heat energy. Discuss other items that capture the sun’s energy and convert it to other form’s of useful energy (e.g. solar water heaters and/or photovoltaics)

b. Using the Internet, research a source of Renewable Energy

c. Record the temperature of a solar oven at different times of the day. Analyze the data.

Evaluation:

See Rubrics. Student Sheet numbers 6 & 7.

Resources:


Massachusetts Science and Technology/Engineering Curriculum Framework, Strand 4, revised May 2001.


Mechanical Drawing, French, Svensen, Helsel, and Urbanick, 8th Edition, MccGraw-Hill 

Book Company, 1974


Solar cooking system with or without heat storage for families and institutions, Schwarzer and Vieira de Silva, Solar Energy 75, 35, 2003.


The DOE Office of Solar Energy Technologies Vision for Advancing Solar Technologies in the New Millennium, Rannels, Solar Energy 69, 363, 2000.


http://solarcooking.org

http://thewaythingswork.com

Notes from Renewable Energy Technology class. Held at Fitchburg State College, Fitchburg, Mass. May-June 2004. Profs. James Alicata, Sanjay Kaul, & Edward Martens.

Instruction sheets for specific computer functions such as logging on, setting up printers, scanning, saving to individual accounts, prepared by Mark Kobel.

Photographs by Mark Kobel.
Technology Learning Activity:

Solar Cooking

Student Sheet #1

Name: ___________________________________
Class: _________________  Date: __________

1
Identify the problem:


Humans must eat in order to survive. Eating can be made more pleasurable by cooking. However, you will not have access to a ‘conventional’ energy source for cooking. You will design, construct, and operate a solar cooker, powered by the sub. The food you prepare must be edible and enjoyable.

2
Research:

From the website: http://solarcooking.org go to the FAQ link. From there go to the “Box Cookers” link and browse the photos to see examples of many different types of solar cookers.

Back at the FAQ page read about and define the terms and answer the questions on the attached page, “Research Information”

3 Develop Possible Solutions:

On the attached page, “Sketches” draw a minimum of three designs. Include top, front and side views.

4 Select a Solution

Make a three-view drawing using drafting tools.

Alternately, create the drawing using a CAD program.

5 Build a prototype

Build the solar cooker according to the specifications in the drawing.

6 Test and evaluate

a. Using a thermometer measure the ambient temperature.

b. Measure the temperature of the cooker before cooking. (Record on Student Sheet #3)

c. Take temperature readings at 5 minute intervals during cooking 

d. Cook the food

e. Eat the food!

7 Communicate

a. Write an Engineering design report. Follow the instructions on Student Sheet #4

8 Redesign

a. Include problems encountered and new ideas in your Engineering Paper.

b. If class time allows build your improved solar cooker.

Solar Cooking

Student Sheet #2

Name: ___________________________________
Class: _________________  Date: __________
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Notes:

Solar Cooking

Student Sheet #3

Research Information

Name: ___________________________________
Class: _________________  Date: __________

From the website: http://solarcooking.org go to the FAQ link. 

At the FAQ page read about and define the terms:

Box Cookers

Panel Cookers

Parabolic Cookers

Also from the FAQ page, answer the following questions:

1 How hot do solar ovens get?

a. How hot does food usually get during cooking?

b. Why do cookbooks list temperatures of 350 degrees and higher?

2 Should I take the time to build a box cooker out of "real" materials like plywood or glass or is cardboard good enough?

3 Does it help to paint the walls black?

a. If painting, what type of paint should you use?

4 Is glass better than plastic for the window?

5 What is the best insulation to use?

6 If you build a box cooker out of cardboard, won't it catch fire?

7 What happens if the sun goes in front of the clouds while cooking?

a. How much sun is required per hour for cooking?

8 From this site or others, begin sketching ideas (minimum of 3) for your soar oven.

Solar Cooking

Student Sheet #4

Solar Cooking Data

Name: ___________________________________
Class: _________________  Date: __________

	 
	TIME
	
	TEMPERATURE
	INTERNAL FOOD TEMPERATURE

	Start Time=
	
	Ambient Temperature=
	
	

	
	5 minutes later
	
	
	

	
	5 minutes later
	
	
	

	
	5 minutes later
	
	
	

	
	5 minutes later
	
	
	

	
	5 minutes later
	
	
	

	
	5 minutes later
	
	
	

	
	5 minutes later
	
	
	

	
	5 minutes later
	
	
	

	
	5 minutes later
	
	
	

	
	5 minutes later
	
	
	

	
	5 minutes later
	
	
	

	
	5 minutes later
	
	
	

	
	5 minutes later
	
	
	

	
	5 minutes later
	
	
	

	
	5 minutes later
	
	
	

	
	5 minutes later
	
	
	

	
	5 minutes later
	
	
	

	
	5 minutes later
	
	
	

	Finish Time=
	
	
	
	

	
	
	
	
	


Notes:

Solar Cooking

Student Sheet #5

Engineering Paper

Paragraph 1: Identify the problem

Explain the problem/design challenge. Include tolerances and specifications.

Paragraph 2: Research

Include all sources, i.e. interviews, web pages, magazines, textbooks, etc. At least one sentence highlighting what was learned from each source.

Paragraph 3:  Develop Possible Solutions

Include at least three ideas, including sketches (scan and insert)

Paragraph 4: Select the Best Possible Solution

Explain the reason for the selection of this idea. Include a three view (front, top, right side) sketch; add auxiliary views if necessary (scan and insert)

Paragraph 5:  Construct a prototype.


Explain the processes. Include digital photograph(s)

Paragraph 6: Testing and Evaluation:


 Detail the performance of your prototype. Photos and video footage are encouraged.

Paragraph 7:  Redesign


Explain what you would do differently to improve the performance of your product.

Solar Cooking

Student Sheet #6

Solar Oven Project RUBRIC

	
	Criteria
	1
	2
	3
	4
	5
	Total

	1
	Project meets stated design parameters.
	
	
	
	
	
	

	2
	Research assignment completed and on time.
	
	
	
	
	
	

	3
	Multi-view Drawing completed and on time.
	
	
	
	
	
	

	4
	Project is fabricated according to Multi-view Drawing specifications.
	
	
	
	
	
	

	5
	Solar Oven sets up and operates properly.
	
	
	
	
	
	

	6
	Solar Cooking Data sheet completed properly.
	
	
	
	
	
	

	7
	Food is properly cooked.
	
	
	
	
	
	

	8
	Engineering Paper completed on time.
	
	
	
	
	
	

	9
	Student demonstrates proper use and care of tools and facilities.
	
	
	
	
	
	

	10
	Student demonstrates proper behavior, respect for peers and faculty.
	
	
	
	
	
	

	
	Total Points
	
	
	
	
	
	

	
	Total Points X 2 = Grade based on 100% scale
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	5=Exemplary
	
	
	
	
	
	

	
	4=Proficient
	
	
	
	
	
	

	
	3=Meets Basic Standard
	
	
	
	
	
	

	
	2=Needs Improvement
	
	
	
	
	
	

	
	1= Do Over
	
	
	
	
	
	


Solar Cooking

Student Sheet #7

Engineering Paper RUBRIC

	
	Criteria
	1
	2
	3
	4
	5
	Total

	1
	Design Problem Stated clearly.
	
	
	
	
	
	

	2
	Research data clearly stated.
	
	
	
	
	
	

	3
	Sketches and descriptions of possible solutions. Includes scanned images.
	
	
	
	
	
	

	4
	Selected solution presented with convincing rationale.


	
	
	
	
	
	

	5
	Fabrication process explained. Photos encouraged.
	
	
	
	
	
	

	6
	Testing and evaluation clearly presented.
	
	
	
	
	
	

	7
	Performance problems noted and ideas are included for solutions to design, fabrication, and/or performance problems.
	
	
	
	
	
	

	8
	Engineering Paper completed on time.
	
	
	
	
	
	

	9
	Student demonstrates proper use and care of tools and facilities.
	
	
	
	
	
	

	10
	Student demonstrates proper behavior, respect for peers and faculty.
	
	
	
	
	
	

	
	Total Points
	
	
	
	
	
	

	
	Total Points X 2 = Grade based on 100% scale
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	5=Exemplary
	
	
	
	
	
	

	
	4=Proficient
	
	
	
	
	
	

	
	3=Meets Basic Standard
	
	
	
	
	
	

	
	2=Needs Improvement
	
	
	
	
	
	

	
	1= Do Over
	
	
	
	
	
	


Supplemental Information
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