A Cool Breeze
Foot-operated Fan Design Challenge
Disciplinary Area: STEM
Unit: Simple Machines, Mechanical Advantage
Standards:
· National Standards for Science – Grades K-4
· Science and Technology - K-4 - Content Standard E 
· Abilities of technological design

· Identify a simple problem

· Propose a solution

· Implementing proposed solutions

· Evaluate a product or design

· Communicate a problem, design, and solution

· Standards for Technological Literacy - Grades: 3-5

· Standard 10 - Students will develop an understanding of the role of troubleshooting, research and development, invention and innovation, and experimentation in problem solving

· Troubleshooting is a way of finding out why something does not work so that it can be fixed.
· Invention and innovation are creative ways to turn ideas into real things.
· The process of experimentation, which is common in science, can also be used to solve technological problems.

· Standard 11 - Students will develop the abilities to apply the design process.

· Grades: 3-5
· Identify and collect information about everyday problems that can be solved by technology, and generate ideas and requirements for solving a problem.
· The process of designing involves presenting some possible solutions in visual form and then selecting the best solution(s) from many.
· Test and evaluate the solutions for the design problem.
· Improve the design solutions.

· Common Core Math Standards – Grade 4
· Measurement and Data 4.MD - Solve problems involving measurement and conversion of

measurements from a larger unit to a smaller unit.
2. Use the four operations to solve word problems involving distances, intervals of time, liquid volumes, masses of objects, and money, including problems involving simple fractions or decimals, and problems that require expressing measurements given in a larger unit in terms of a smaller unit. Represent measurement quantities using diagrams such as number line diagrams that feature a measurement scale.
· Geometry  4.G - Draw and identify lines and angles, and classify shapes by propertiesof their lines and angles.

1. Draw points, lines, line segments, rays, angles (right, acute, obtuse), and perpendicular and parallel lines. Identify these in two-dimensional figures.

· Common Core ELA Standards – Grades K-5
· Writing Standards - Research to Build and Present Knowledge - Grade 4 students
7. Conduct short research projects that build knowledge through investigation of different aspects of a topic.
8. Recall relevant information from experiences or gather relevant information from print and digital sources; take notes and categorize information, and provide a list of sources.
9. Draw evidence from literary or informational texts to support analysis, reflection, and research. 
“Big Ideas”

· Science is a process for producing knowledge
· Engineering is the application of science and technology
· Tools and techniques can be used to solve a problem cheaply
· Human problems can be solved through the use of creativity and problem solving
· Engineering design can solve human problems
· Design is limited by available materials and individual talent
· Fundamental concepts of science and technology
Essential Question: Can an efficient foot-operated fan be designed to cool patients in areas where electricity is not available?
[image: image1.png]wHar s
THE
PROEBLENM=

lsrazrvsTORAM
sSoturrons

CeESTCN



Scenario: Most Americans take air-conditioning and available electricity for granted. But, for most citizens of Earth, hot indoor environments are something that must be dealt with on a daily basis and the only way to receive cool air is to use a fan like the one pictured to the left. About 1.6 billion people, about one quarter of the world’s population, have no access to electricity today. Eighty percent of these people live in rural areas of the developing world, mainly in South Asia and sub-Saharan Africa. Without electricity, or the funds to purchase a commercially-made electric air-conditioner or fan, these individuals must find another solution. The fan pictured to the left, is a possible solution, but it requires the user to operate it with one hand—limiting their ability to work or do other things with their hands. Design a fan for people living in a Third World country that does not use electricity. The fan must circulate air without restricting the use of the individual’s hands. The fan must be designed in such a way as to be easy to make with free or recycled materials. In groups of two, build a prototype of a simple fan that will circulate air. You may use any recycled material that would normally be found in a developing nation.
Sample Materials and Resources
(Per Team of 2 students)

1.
Milk or water jug 
6.
Sheets paper

2.
Cardboard scraps
7.
String


3.
Wood scraps
8.
Wire

4.
Plastic shopping bags
9.
Masking/duct tape


5.
Bolts/screws
10.
Misc. tools
Content Information: To maintain homeostasis, the body constantly regulates its temperature between 98 and 100 degrees Fahrenheit. This regulation is performed by the hypothalamus gland. As your body temperature increases above approximately 98 degrees, your body begins to sweat. Although sweat alone is adequate in helping the body cool itself, when sweat is introduced to a fan, the cooling process is accelerated.

The body cools itself by the action of sweat evaporating off the body. This action is called the "heat of vaporization," or the amount of energy that is needed to convert sweat (water) on the skin from liquid to vapor form. For water, the heat of vaporization is 540 calories/gram. This means that for every gram of water in the form of sweat on the skin, the body can remove 540 calories of heat energy, which cools the body.

Fans increase the abilities of the body to cool by increasing the level of evaporation of sweat off the body. Fans cause air to move across the surface of the skin. As the air rushes by, it pulls heat and moisture away from the skin, allowing the body to get rid of heat and moisture faster. Fans can also cool you if they are drawing warm air out of the room (such as a fan in a window facing outward), or by sucking cooler air into a room (such as a fan pointing towards a room drawing cooler air from the outside), which reduces the overall temperature of the room.

Deliverables:

Using only the materials supplied by your instructor, you and your teammate must build a human-powered fan that does not require the use of arms or hands. 

Parameters: The completed human-powered fan must:

· Be powered only humans using no hands.

· Be designed using materials that could be found freely in a Third World nation.

· Be safe to operate and no larger than 3’ x 3’ x 3’ in size

· Be designed using the engineering design model.
· Be designed to move at least 50 cubic-feet per minute in air velocity.
· Include brainstorming sheet, working drawing that illustrates how the machine was designed, and directions for designing a similar fan using the same materials.    
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Assessment:

Human-powered Fan Assessment Form 


Team Name: ____________________________________________________________ 

Group Members:  ________________________________________________________

Prototype Name: _________________________________________________________

Scoring Criteria:
1. _____ (0 - 20 pts) Completed prototype submitted with working drawings, brainstorming sheets that include alternate ideas, and directions for building a similar fan.
2. _____ (0 – 10 pts) Completed prototype was constructed using materials that could be found in a developing nation.

3. _____ (0 – 20 pts) Completed prototype was well-designed and would stand-up to heavy use.

4. _____ (0 – 10 pts) Completed prototype was innovative, attractive, and illustrated craftsmanship.
5. _____ (0 – 20 pts) Fan moved at least 50 cubic feet per minute air flow as measured by a cup anemometer.

6. _____ (0 – 20 pts) Team utilized the engineering design loop to solve the problem  
Brainstorming Sheet
Directions:  Before your team starts construction of the fan prototype, conduct some Internet research and then conduct a brainstorming session where you attempt to identify at least four different potential solutions. Record those ideas below and submit this with your final product.
	
	

	
	


*submit with final prototype

Working Drawing Sheet

Directions:  After designing and building the prototype fan, create a drawing of the product (or attach a picture) and directions that would assist someone trying the replicate your design in a Third World nation. Record those ideas below and submit this with your final product.
	


*Submit with final prototype
Directions for Constructing the Human-powered Fan.
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*submit with final prototype
