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Understanding Wings and Their Application

Technology WebQuest: 9-12 Grades    
Designed by: Lance Tatro
ltatro@centralusd.k12.ca.us
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Introduction

For this WebQuest, you will take the role of a student intern on a NASCAR race team.  The team has asked you to come up with a wing design that will be used on their car at the opening race of the new season.  NASCAR has sent out a notification that a team can use the new wings as long as they are of sound and supported principles. The team could have hired a well-known designer, but they choose to go with someone that could provide them with a new and fresh perspective on their design. 

Task
Students will assume the role of an Engineering Intern on a NASCAR race team. They will need to develop a wing design that will work on the team’s racecar.  They must provide supporting information that validates the wing’s design and principles.  Student must be able to defend their design.

After all the supporting information has been gathered individually, students will group in pairs to compare and analyze all data gathered by each and collaborate on which information best supports the new group’s point of view.  The groups will create a PowerPoint presentation that organizes their findings and makes recommendations.  They will deliver the presentation to their peers. 
Students will also write a two-page summarization that outlines the student’s findings, and details why the student choose the design that they did.  The student must include any problems they had, the information they felt was most interesting and explain in detail how wings on a racecar differ from those used on an aircraft.
Process
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1. Download Information Worksheet  
2. Visit the provided websites and one of choice, to gather worksheet information.

Be able to explain:

· How a wing works.
· What happens to air when it hits the leading edge of a wing.

· What happens to the air that moves across the top of the wing.

· What happens to the air that moves across the bottom of the wing.

· Air that separates at the front of the wing, if it meets at the back of the wing.

· If a wing on an airplane pulls up from the top, or pushes up from the bottom. 

· How wings on a racecar differ from those on an airplane.

3. Collaborate in pairs (assigned by teacher), then compare information that you both have gathered.  Analyze the information and evaluate which information would support the best design.

4. Using the best information you have gathered, develop a wing design that best represents the data.  Draw the wing design in AutoCAD or Microsoft Paint.  You must label the design to highlight the major concepts within the design.

5. Apply information to a PowerPoint presentation.  Include data to support your design, a visual representation developed in AutoCAD or Paint that represents your recommendation to the team, and any other information that you feel would convince the NASCAR team to use your design.

6. Write a two-page minimum paper that: 
· Summarizes what you have learned. 
· Why you choose the design, you did. 

· Includes any concepts you had trouble with.  

· Includes any information that you felt was the most interesting.  
· Explains the difference between wings that are used on a racecar and those used on airplanes.

.


Resources   
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Use the Ctrl and Click function to activate the links below

Century of Flight:

 http://www.century-of-flight.freeola.com/Aviation%20history/evolution%20of%20technology/Slotted%20Wings,%20Flaps,%20and%20High%20Lift%20Devices.htm
How Stuff Works: http://science.howstuffworks.com/transport/flight/modern/airplanes.htm
IOP Science: http://www.f1-country.com/f1-engineer/aeorodynamics/racingphysics.htm
NASA Bernoulli and Newton: http://www.grc.nasa.gov/WWW/k-12/airplane/bernnew.html
Wikipedia: Down force http://en.wikipedia.org/wiki/Downforce
Explaining Principals: forum discussion
Evaluation  
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Students will be evaluated on their collaborative presentation, and individually on the summarization paper.
· Summarization (50 points) 
will be scored as follow: Content 30pts, spelling and grammar 10pts, APA style 10pts. 

· Presentation (150 points) will be scored according to the Rubric Provided.
	CATEGORY 
	Excellent 
91-100%
	Good 
81-90 %
	Satisfactory
66-80% 
	Needs Improvement 

65% and below

	Presentation
20 points  
	Well-rehearsed with smooth delivery that holds audience attention. 
	Rehearsed with fairly smooth delivery that holds audience attention most of the time. 
	Delivery not smooth, but able to maintain interest of the audience most of the time. 
	Delivery not smooth and audience attention often lost. 

	Attractiveness
10 points  
	Makes excellent use of font, color, graphics, effects, etc. to enhance the presentation. 
	Makes good use of font, color, graphics, effects, etc. to enhance to presentation. 
	Makes use of font, color, graphics, effects, etc. but occasionally these detract from the presentation content. 
	Use of font, color, graphics, effects etc. but these often distract from the presentation content. 

	Requirements
15 points 
	All requirements are met and exceeded. 
	All requirements are met. 
	One requirement was not completely met. 
	More than one requirement was not completely met. 

	Mechanics
10 points  
	No misspellings or grammatical errors. 
	Three or fewer misspellings and/or mechanical errors. 
	Four misspellings and/or grammatical errors. 
	More than 4 errors in spelling or grammar. 

	Content
50 points 
	Covers topic in-depth with details and examples. Subject knowledge is excellent. 
	Includes essential knowledge about the topic. Subject knowledge appears to be good. 
	Includes essential information about the topic but there are 1-2 factual errors. 
	Content is minimal OR there are several factual errors. 

	Oral Presentation
15 points 
	Interesting, well-rehearsed with smooth delivery that holds audience attention. 
	Relatively interesting, rehearsed with a fairly smooth delivery that usually holds audience attention. 
	Delivery not smooth, but able to hold audience attention most of the time. 
	Delivery not smooth and audience attention lost. 

	Originality
10 points 
	Product shows a large amount of original thought. Ideas are creative and inventive. 
	Product shows some original thought. Work shows new ideas and insights. 
	Uses other people's ideas (giving them credit), but there is little evidence of original thinking. 
	Uses other people's ideas, but does not give them credit. 

	Workload 

20 points 
	The workload is divided and shared equally by all team members. 
	The workload is divided and shared fairly by all team members, though workloads may vary from person to person. 
	The workload was divided, but one person in the group is viewed as not doing his/her fair share of the work. 
	The workload was not divided OR several people in the group are viewed as not doing their fair share of the work. 


Conclusion
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Reflecting on this lesson, you should have a better sense of how wings work.  How they lift airplanes and how they provide down force and stability for a racecar.  There are varieties of designs that will work to accomplish these tasks.  Although the principles of how wings work are primarily the same, what differs is how efficient the design is, and at what speed, the wing becomes the most efficient.  
Now that you have a better idea of how air manipulates an object to create different effects, think about how NARCAR technology has found it way into everyday passenger cars.  Can you think of ways that aerodynamics is used on your car or truck? Can you think of other technology that has been developed at the racetrack and is now on everyday passenger cars? 
Teacher Page

By Lance Tatro, Central High School East

This webquest is intended for students that are interested in the field of Engineering.  In addition, those in automotive, science and technology classes could use it.  In This webquest students will assume the roll of an Engineering Intern for a NASCAR race team. Students will conduct research on the principles of wings, and document their findings.  Students will then be required to collaborate to create a PowerPoint Presentation along with writing a summarization individually on their findings.  

Purpose: Research shows that students have a higher retention of knowledge when they interact with the lesson to become part of the process. Students also have higher motivation when they become part of a team and must be responsible, in part, for the success of that team. In order for students to be able to defend their choices, they must first understand what information went into making that choice. When students are able to defend their choices, they find the challenge rewarding.  

Be careful not to enable the students by offering more help than they actually need. Make sure they study the rubric so they understand what is expected of them.  Also, have them read the webquest thoroughly before they begin their quest.  Have them obtain exactly what they must accomplish. 
Remember that students must do the research on their own, then they will collaborate on their PowerPoint Presentation.  Students will follow up by individually writing their own summarization. 

List of Standards
California Technical Education: Engineering and Design Sector
English Language Arts: Reading and Writing 1.1-1.9, 2.3.a, 2.3.d, 2.4.a, 2.4.c, 2.5.c   

Problem solving and Critical Thinking 5.0-5.3
Pathway Standards ED C10.0 
List of Outcomes
By the end of this exercise students will be able to: 
· Differentiate between the Bernoulli’s Principal and Newton’s Third Law as it applies to lift. 

· Simplify both theories as they apply to mechanical lift. 

· Explain the common flaws in both theories as applied to lift/downforce.
· Understand how different shapes affect lift, drag and other forces. 

· Compare how Newton’s Law on fluid dynamics and Bernoulli’s Principals are applied to today’s automobiles. 

· Be able to apply a design to create a functional wing and be able to provide evidence to support the design. 

Credit
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“Special thanks to the following for all the ideas and information”

Century of Flight.  (n.d.).  Slotted Wings, Flaps, and High Lift Devices
Retrieved on May 15, 2009 from http://www.century-of-flight.freeola.com/Aviation%20history/evolution%20of%20technology/Slotted%20Wings,%20Flaps,%20and%20High%20Lift%20Devices.htm
How Stuff Works. (2009). How Airplanes Work
Retrieved on May 15, 2009 from http://www.howstuffworks.com/airplane1.htm
NASCAR. (2009).  Airflow picture
Retrieved on May 15, 2009 from http:///spaw2/uploads/images/STAR-CCM-race-CFD1.jpg
Nowak, B. (2009). Rubric Ideas

Retrieved on May 15, 2009 from bnowak@lyon.k12.nv.us
Wikipedia (2009). Down Force
Retrieved on May 15, 2009 from http://en.wikipedia.org/wiki/Downforce
RubiStar Rubric (2008).

Retrieved on May 15, 2009 from http://rubistar.4teachers.org/index.php
Tatro, L. (2009) Racing Picture
Retrieved on May 15, 2009 from www.tatroracing.com
Webquest.Org. (1999). Template Guide 

Retrieved on May 15, 2009 http://webquest.sdsu.edu/templates/lesson-template1.htm
Benson, T. (2008). NASA: Bernoulli and Newton
Retrieved on Jan 20, 2012 from 

http://www.grc.nasa.gov/WWW/k-12/airplane/bernnew.html
FORUM DISCUSSION 
Newton vs Bernoulli

Q:

I’m an airline pilot with daughters in 3rd and 4th grade and I’m looking for a simple demonstration/experiment pertaining to Bernoullis Theorem and the creation of lift over aircraft wings.
- Bill Munch (age 45)
Marston School, Hampton, NH

A:

Bill, 

I think one of the coolest (and simplest) ways to demonstrate Bernoulli's Theorem is to blow over a sheet of paper and watch it rise. The kids can do it themselves, which is good too. Hold one end of the page horizontally, just below your lower lip (the other end will be sagging straight down). Now blow, and the sagging end of the paper will rise up and flap around due to the movement of air over it. 

Mats 

Follow-Up #1: Bernoulli?

Q:

The answer you gave is wrong. The reason the paper rises is not due to Bernoulli’s Theorem but due to the fact that the first portion of the paper is curved. The air going over this curve goes straight on causing a pressure reduction in the next section of paper. You can easily disprove Bernoulli’s Theorem by putting a sheet of paper horizontally on a flat surface and blowing over it. Even with a powerful blower it will not rise one iota. Bernoulli’s theorem has nothing to do with the lift in aerofoils either.
- Roger Pendleton (age 63)
United Kingdom

A:

It's true that in the simple paper-blowing experiment Mats mentioned other effects besides Bernoulli's effect could get mixed in. Also, unlike what one reads in many sources the main lift source of modern airplanes comes from the tilt of the wings, with the Bernoulli Effect making a smaller contribution. That does not mean that the Bernoulli Effect is false- it's very real and plays a major role in many fluid flow situations.
A nice summary of examples, and a discussion of the conditions under which the Bernoulli effect is found, may be found at


 HYPERLINK "http://en.wikipedia.org/wiki/Bernoulli's_equation" \t "_self" http://en.wikipedia.org/wiki/Bernoulli's_equation

Mike W.

(published on 03/08/08)
Follow-Up #2: Bernoulli 

Q:

Roger, you yourself are quite wrong in trying to disprove Bernoulli's Theorem! Everyone seems to forget Bernoulli gave us just that - a Theorem! And it describes pressure static) with velocity. If your paper sheet is horizontally flat, with no curvature at all, then there is no change in the flow of air, therefore no change in the pressure differential, so of course it will not rise "one iota"! No one disputes pressure equalization, so as long as there is a pressure differential between the top and bottom surfaces (like blowing over the top of a sheet of paper) you will get a reaction. Sure, there are other ideas involved in the total production of lift on an aerofoil, but you did not disprove Bernoulli one iota. And the pilot father was, after all simply trying to explain an idea to a child!
- Simon (age 27)
Brisbane, Australia

A:

You're absolutely right that we should have pointed out that this is a theorem, not a speculation. The theorem does involve some assumptions which are not exactly true of real materials (incompressibility, lack of viscosity) but adding in those complications doesn't make the Bernoulli Effect vanish.

Mike W.
	BERNOULLI   VS   NEWTON 
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Lift is the force that holds an aircraft in the air. How is lift generated? There are many explanations for the generation of lift found in encyclopedias, in basic physics textbooks, and on Web sites. Unfortunately, many of the explanations are misleading and incorrect. Theories on the generation of lift have become a source of great controversy and a topic for heated arguments. The proponents of the arguments usually fall into two camps: (1) those who support the "Bernoulli" position that lift is generated by a pressure difference across the wing, and (2) those who support the "Newton" position that lift is the reaction force on a body caused by deflecting a flow of gas. So who is correct?

Explanation of aerodynamic lift (or downforce) with only Bernoulli Equation is not enough. The primary advantage of this explanation is that is easy to understand and has been taught for many years. Because of its simplicity, it is used to describe lift in most flight training manuals. The major disadvantage is that is relies on the "principle of equal transit times" which is wrong. This description focuses on the shape of the wing and prevents one from understanding such important phenomena as inverted flight, power, ground effect, and the dependence of lift on the angle of attack of the wing.

Other description is based primarily on Newton's laws. The physical description is useful for understanding flight, and is accessible to all that are curious. Little math is needed to yield an estimate of many phenomena associated with flight. This description gives a clear, intuitive understanding of such phenomena as the power curve, ground effect, and high-speed stalls. However, unlike the mathematical aerodynamics description, the physical description has no design or simulation capabilities

Neither Newton nor Bernoulli ever attempted to explain the aerodynamic lift of an object.

When a gas flows over an object, or when an object moves through a gas, the molecules of the gas are free to move about the object; they are not closely bound to one another as in a solid. Because the molecules move, there is a velocity (speed plus direction) associated with the gas. Within the gas, the velocity can have very different values at different places near the object. Bernoulli's equation relates the pressure on the object to the local velocity; so as the velocity changes around the object, the pressure changes as well. Adding up (integrating) the pressure variation times the area around the entire body determines the aerodynamic force on the body. The lift is the component of the aerodynamic force which is perpendicular to the original flow direction of the gas. The drag is the component of the aerodynamic force which is parallel to the original flow direction of the gas. Now adding up the velocity variation around the object instead of the pressure variation also determines the aerodynamic force. The integrated velocity variation around the object produces a net turning of the gas flow. From Newton's third law of motion, a turning action of the flow will result in a re-action (aerodynamic force) on the object. So both "Bernoulli" and "Newton" are correct. Integrating the effects of either the pressure or the velocity determines the aerodynamic force on an object. We can use equations developed by each of them to determine the magnitude and direction of the aerodynamic force.
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	Downforce Wing Due to Bernoulli
	Downforce Wing Due to Newton
	Downforce Wing of Formula1 Car


So where is the argument? Arguments arise because people mis-apply Bernoulli and Newton's equations and because they over-simplify the description of the problem of aerodynamic lift. The most popular incorrect theory of lift arises from a mis-application of Bernoulli's equation. The theory is known as the "equal transit time" or "longer path" theory which states that wings are designed with the upper surface longer than the lower surface, to generate higher velocities on the upper surface because the molecules of gas on the upper surface have to reach the trailing edge at the same time as the molecules on the lower surface. The theory then invokes Bernoulli's equation to explain lower pressure on the upper surface and higher pressure on the lower surface resulting in a lift force. The error in this theory involves the specification of the velocity on the upper surface. In reality, the velocity on the upper surface of a lifting wing is much higher than the velocity which produces an equal transit time. If we know the correct velocity distribution, we can use Bernoulli's equation to get the pressure, then use the pressure to determine the force. But the equal transit velocity is not the correct velocity. Another incorrect theory uses a Venturi flow to try to determine the velocity. But this also gives the wrong answer since a wing section isn't really half a Venturi nozzle. There is also an incorrect theory which uses Newton's third law applied to the bottom surface of a wing. This theory equates aerodynamic lift to a stone skipping across the water. It neglects the physical reality that both the lower and upper surface of a wing contributes to the turning of a flow of gas.
Retrieved on Jan 20, 1012 from  

http://www.f1-country.com/f1-engineer/aeorodynamics/bernoulli.html
Wings Work Sheet   
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Century of Flight: Draw four different types of slotted wings

In your own words, what is the main purpose for the slots in the wings?

How Wings Work (IOP Science): Perform the task as described in figure 5.  The Bernoulli demonstration
· What did you discover while doing this task?  

· Can you explain this?
· Why is this different from that explained in Figure 2? 
· Compare the flaws in the Distance Argument (theory that states true wings must have unequal sides) with that of equal time argument (theory that states particles that slit in the front of the wing meet in the back)
For additional Help, look at the NASA sight or use F1-Engineer to directly compare Bernoulli’s Principal to Newton’s Third Law. After reading this, you will be able to determine the flaws as they are applied to wings. 

What did the author of this page indicate the two flawed applications were and in brief why? 

What do you think, Bernoulli or Newton? In one or two sentences why? 

For help explaining why the paper reacts different when holding it different, read the forum discussion below. 
What is the cause of the difference according to this discussion (answer briefly)?  

How Airplanes Work: Follow the links
Click on “How Do Airplanes Fly: Weight and Lift”
In Brief, how does this page explain mechanical lift?

Why do you think mechanical lift (solid object moving through air vs. moving fluid) as described by this author, better supports Bernoulli Principal?  

Read through the rest of the pages link to this to explain the following: 

1. What are the four determinants for Lift Coefficient?
2. The Angle of Attack: 
3. Drag: 
F1C:  F1 Engineer/Racing Physics
You will need to read the complete page to understand racing applications.

What does NASA state about the difference between wings used by racecars and those used by airplanes?

Which theory does NASA indicate to explain how wings work?  How does this compare to the other sites visited?

What does this site indicate is needed for the lower speeds corners require?

Wikipedia: Down Force 

You will need to read the complete page to understand racing applications.
· Explain how the rear wings differ from those in the front.
· Explain how the body plays a role in aerodynamics.

How does downforce help a NASCAR race car? 
From the Physics 101 page…
What are the “Three D’s” in racing?
How does the front bumper affect the down force of the car?
What does this page say creates the most drag?

How could this information effect the cars we drive on the street?

Next page…

How does drafting affect the pressures across the car? 

How might this affect a wing design? 

How did the Plymouth Superbird create an advantage which causes its NASCAR ban? 
tatroracing.com
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