A Cool Breeze
Mechanically-operated Fan Design Challenge
Disciplinary Area: STEM/Sustainable Development
Unit: Simple Machines, Mechanical Advantage
Standards:
· National Standards for Science

· Science and Technology - Content Standard E 
· Abilities of technological design

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

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

· Common Core Math Standards 

· Measurement and Data - Solve problems involving measurement and conversion of

measurements from a larger unit to a smaller unit.

· Geometry - Draw and identify lines and angles, and classify shapes by properties of their lines and angles.

· Common Core English Language Arts Standards 
· Writing Standards - Research to Build and Present Knowledge 
“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, mechanically-operated fan be designed to cool students in classrooms where electricity is not always available?
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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)
Ideally students will identify a developing country and conduct research on materials that may be recycled or repurposed for designing their solution to the problem.  As a starting point you might make the following materials avaible.

1.
Milk or water jugs 
6.
Paper scraps

2.
Cardboard scraps
7.
String


3.
Wood scraps
8.
Wire

4.
Plastic shopping bags
9.
Glue and duct tape


5.
Bolts/screws
10.
Misc. tools
Content Information: 
Science

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.

Technology and Engineering

A machine is a tool used to make work easier. Simple machines are simple tools used to make work easier. Compound machines have two or more simple machines working together to make work easier. In science, work is defined as a force acting on an object to move it across a distance. Pushing, pulling, and lifting are common forms of work. Here are some simple formulas used when calculating work.
Common formulas used to solve for work:

	W
	 = 
	work

	Wtotal
	 = 
	total work

	F
	 = 
	force 

	d
	 = 
	distance 

	m
	 = 
	mass 

	vinitial
	 = 
	initial velocity

	vfinal
	 = 
	final velocity
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Types of Simple Machines

· Inclined Plane - A plane is a flat surface. When a plane is inclined, or slanted, it can help you move objects across distances. A common inclined plane is a ramp. 

· Wedge – A wedge is the smooth side of the inclined plane, and the pointed edges to do other kinds of work. The edge of an inclined plane, or wedge, can be used to push things apart. An example would be an axeblade.
· Screw – A screw is an inclined plane wrapped around a cylinder. The sharp edge becomes another simple tool: the screw. 

· Lever – A tool used to pry something loose is called a lever. A lever is an arm that "pivots" (or turns) against a "fulcrum" (or point). An example would be the claw end of a hammer that you use to pry nails loose. In this case the lever is a curved arm that rests against a point on a surface. As you rotate the curved arm, it pries the nail loose from the surface. 
· Wheel and Axle - The rotation of the lever against a point pries objects loose. That rotation motion can also do other kinds of work. Another kind of lever, the wheel and axle, moves objects across distances. The wheel, the round end, turns the axle, the cylindrical post, causing movement. 

· Pulley - Instead of an axle, the wheel may also be used to rotate a rope or cord. This variation of the wheel and axle is called a pulley. In a pulley, a cord wraps around a wheel. As the wheel rotates, the cord moves in either direction. 

If two or more simple machines work together as one, they form a compound machine. Most of the machines we use today are compound machines, created by combining several simple machines.
Mechanical Advantage
Man first started using machines to make work easier and faster. How much easier and faster a machine makes work is referred to as mechanical advantage. Mechanical advantage is the number of times a machine multiplies effort force.  To find the MA of a machine, divide the resistance force by the effort force. The resistance force is the weight of the object in Newtons (1 newton = 0.224808943 pounds of force).

To find the MA of a lever, divide the effort arm length by the resistance arm length. 

· MA = effort arm length / resistance arm length
The MA of a pulley is equal to the number of supporting ropes.
· MA = number of supporting ropes
To find the MA of an inclined plane, divide its length by its height. 

· MA = length / height
Math
The Mathematical Problem Solving Process
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Mathematically Proficient Students (NCTM - Process Standards) make sense of problems and persevere in solving them.  They ….
· explain to themselves the meaning of a problem and look for entry points to its solution. 
· analyze givens, constraints, relationships, and goals.
· reason abstractly and quantitatively.
· make sense of quantities and their relationships in problem situations.
· develop the ability to problem solve
· solve problems that arise in mathematics and in other contexts
· make connections
· recognize and apply mathematics in contexts outside of mathematics
Sketching Fan Designs
Draw and identify lines and angles, and classify shapes by properties of their lines and angles.
· Draw points, lines, line segments, rays, angles (right, acute, obtuse), and perpendicular and parallel lines. Identify these in two-dimensional figures.

Analyzing Fan Designs

After students have been working on a fan design explore lines of symmetry in their designs.

· Recognize a line of symmetry for a two-dimensional figure as a line across the figure such that the figure can be folded along the line into matching parts. Identify line-symmetric figures and draw lines of symmetry.

Measure Angles of Fan Designs

· Have students measure angles in their designs.  Have students measure the angles between the lines of symmetry in their designs.

· Measure angles in whole-number degrees using a protractor. Sketch angles of specified measure.

Deliverables:

Using only the available/appropriate materials, 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.
	


Directions for Constructing the Human-powered Fan.
	1.

	9.

	2.

	10.

	3.

	11.

	4.

	12.

	5.

	13.

	6.

	14.

	7.

	15.

	8.

	16.


*submit with final prototype
