TEACHING NOTES





Scott Eberhardt:  Wind Tunnel Testing





Appropriate Grade Levels:  6 – 8 (This lesson can be used as the start of a larger science project and career exploration for students in grades 9 – 12) 





Implementation Time:


One class period (45 minutes to one hour) required for basic exercise.


Additional class periods will be required if the teacher wishes to spend more time teaching students about the principles of flight or using a wind tunnel to conduct tests.





Materials Needed:


Teaching notes for “Scott Eberhardt” case study


Student copies of “Scott Eberhardt”


IF DESIRED:  balsa wood gliders and a small, working wind tunnel


IF DESIRED:  access to the Internet for research projects





Career Pathway:  Engineering, Industry & Science





Subject Area:  Science 





Learner Outcome(s):  What will happen for learners as a result of this lesson?


Students will explore a career opportunity in aviation.  They will explore the application of science in a career situation and demonstrate how experimental procedures and processes connect to real-life situations.  They will learn the need for careful documentation and then develop a process rule for an experiment. 





Washington State Essential Academic Learning Requirements:  How will students learn?


·	Science:  Students will demonstrate their ability to analyze and develop an experimental design and communicate accurately their approach and methods.  They will demonstrate their ability to record and report data accurately.  They will identify challenges or problems relevant to their own daily lives in which scientific methods can be used to develop a solution.  And they will select and use appropriate strategies to clearly present scientific information.


	(EALR’s 2.1, 2.2, 3.1, 4.3)


·	Communication:  Students will demonstrate their ability to use listening and observation skills to gain understanding.  Students will use communication strategies and skills to work effectively and responsibly with others.  Students will demonstrate their ability to advocate, implement, and evaluate a plan.  Students will analyze how communication is used in career settings.  They will determine effective communication techniques.


(EALR’s  1.1, 1.3, 2.1, 2.2, 2.3, 2.4, 3.1, 3.3, 4.2, 4.4)


·	Writing:  Students will practice writing clearly and effectively in a variety of forms for different audiences and purposes.  Students will practice writing for career applications, producing technical and non-technical documents using resources from career settings. (EALR’s 1.1, 1.2, 1.3, 2.4)





�



TEACHING NOTES





Scott Eberhardt:  Wind Tunnel Testing





Procedure:


This lesson is designed to be taught in one session, though additional classroom sessions will be needed if the teacher wishes to introduce students to the principles of flight or demonstrate the use of a wind tunnel.





1. 	Distribute the students’ version of the “Scott Eberhardt” case study to your class.  Divide the students into groups of two or three.  





2. 	Read aloud to them or let them read one section of the case study at a time.  Don’t let them read ahead.  After each section, ask each group of students to discuss what Scott should do next.  Use the questions in the teaching notes to introduce students to some of the basic concepts of flight and aviation and to the use of wind tunnels.  


	


3. 	Finish by reviewing with students the need for clear documentation in scientific experiments.  Discuss how Scott should document the experiments he is conducting and the kinds of information he should ask students to record when they do experiments.  Then ask students to complete the in-class writing assignment. 


	


Closure/Assessment:


Review students’ reports for basic writing and presentation skills, as well as for their ability to explain the steps Scott and his students should take in documenting their work during experiments.





Then, in small groups or as a whole group, have students review the steps they should follow when they are confronted with an issue for which clear procedures need to be created.  How do they decide what kind of documentation or records are needed?  Do they keep good records themselves?








�
Scott Eberhardt:  Wind Tunnel Testing





Part One  - Read to the bottom of this page, then stop.





	Dr. Scott Eberhardt shook his head.  The measurements should have been the same, but they were very different.  What was the problem?





Scott, an Associate Professor in the University of Washington’s Aeronautics & Astronomics Department, was testing a small aircraft in the UW’s Kirsten Wind Tunnel.  He wanted to do more testing on a small plane a group of his students had built and tested two years ago.  He began his tests by repeating the basic or “baseline” measurements they had taken.  The numbers he got should have been the same as the ones his students had recorded.  But they were quite different.  In fact, the “drag” the plane was registering was so different from his students’ measurements that he wondered if he was even testing the same plane.  Somewhere, there was a problem. 





Scott Eberhardt was halfway through his 14th year teaching at the University of Washington.  He had earned his Ph.D. and then worked for NASA before becoming a professor.  At the UW, Scott divided his time between managing the Kirsten Wind Tunnel in the UW Aeronautical Laboratory, teaching and working with students, and doing his own research.  He was the undergraduate program advisor, and in that role he assisted college students who wanted to pursue a career in aviation.  He also worked with several graduate students who were doing advanced work, and taught several classes a week.  He combined this work with writing papers, grant proposals, and a book.  In addition, he developed web sites for his research and for the classes he taught.  In this way, students could easily get their homework assignments or classroom handouts, and colleagues could follow along with the progress of his research.   





Today, Scott was focused on research, following up on his students’ old project.  But he needed to get to the bottom of the measurement mystery.








STOP
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Scott Eberhardt:  Teaching Notes for Part One





Make certain students understand what Scott does and what his challenge is.





Find out how many students understand how an airplane flies or what a wind tunnel is.  The list of definitions on the next several pages may help you introduce basic concepts of aviation to your students.  In addition, the following sections provide some of the basic information students will need to know to proceed.





Ask students for their hunches – at this point – for why Scott is getting different measurements than his students did.  They may answer that:





·	The students made a mistake.


·	Something happened to the plane.


·	Something changed at the wind tunnel.


·	Scott is not repeating the experiment the students did for some reason.





Make a note of students’ answers.


�
Glossary of Aviation Terms





Aeronautics.  The science or art of ascending and sailing in the air, as by means of a balloon; the theory and practice of navigation through air or space.





Aileron.  A small plane or surface capable of being manipulated by the pilot of a flying machine to preserve or destroy lateral balance; a hinged wing tip; a lateral stabilizing or balancing plane.  An airfoil that controls lateral motion.





Air pressure.  The pressure exerted by the atmosphere.  Force due to the atmosphere applied over a surface, measured as force per unit of area.





Airfoil.  A device that provides reactive force when in motion relative to the surrounding air and can lift or control a plane in flight.





Angle of attack.  The acute angle between the direction of the undisturbed relative wind and the chord of the airfoil.





Ascend.  To move upward.





Aspect ratio.  The width to height ratio.





Camber.  An upward concavity in the under side of a beam, girder, or lintel; a straight upward concavity in a straight arch.





Chord.  A plane surface, supposed to be transparent and perpendicular to the horizon.





Descend.  To move downward.





Drag.  The force which pulls a moving aircraft backwards.  To be drawn along, to trail.  To be moved onward along the ground, or along the bottom of the sea, as an anchor that does not hold.





Elevator.  A moveable plan or group of planes used to control the altitude or fore- and aft- poise or inclination of an airplane.  The control surface on the tail plane of an aircraft that makes it ascend or descend.





Fuselage.  An elongated body or frame of an airplane.  The central portion of an airplane that is designed to accommodate the crew and passengers or cargo.





Gravity.  The force of attraction between all masses in the universe; especially the attraction of the earth’s mass for bodies near its surface.





Horizontal.  Parallel to the horizon, on a level.





Horizontal stabilizer.  The horizontal surface of an aircraft’s tail assembly that is fixed and to which the elevator is hinged.





Leading edge.  The forward edge of an airfoil.





Lift.  To move in a direction opposite to gravity.  To raise or elevate.





Monoplane.  An airplane with a single wing.





Rudder.  In an aircraft, a surface the function of which is to exert a turning movement about an axis of the craft.  A hinged vertical airfoil mounted at the tail of an aircraft and used to make horizontal course changes.





Stabilizer.  Any device for stabilizing an aircraft.





Stall.  To come to a stop.





Thrust.  The force used in pushing; often implies the impulse or application of force by a body which is in motion before it reaches the body to be impelled.





Trailing edge.  The rear edge of an airfoil.





Vertical.  Perpendicular to the plan of the horizon.





Vertical stabilizer.  A stabilizer that is part of the vertical tail structure of an airplane.





Wind tunnel. A chamber through which air is forced at controlled velocities in order to study the effects of aerodynamic flow around airfoils, scale models, or other objects.





Wing load.  The gross weight of an airplane divided by the wing area, used in stress analysis.





Wing spar.  The linear distance from wing tip to wing tip of an aircraft.





Yaw.  A deviation from a straight course in steering.


�
Part Two  - Read to the bottom of the next page.





When an airplane flies through the air, it is affected by four different forces:





1.	Gravity pulls the plane down toward the ground.  





2.	Lift pulls the plane up.  Lift is created by the movement of air around the plane’s wings.  The air which goes above the wings must travel farther than the air which passes below them, and thus travels faster.  This produces an area of lowered air pressure above the wings, which helps the plane rise.





3.	Thrust, usually produced by an engine, is the power that moves the plane forward.  





4.	Drag, caused by friction as the plane moves through the air, pushes the plane backwards.  





Understanding how these four forces affect an airplane is very important.  Because small changes, such as the angle of the plane’s wings or how much extra weight it is carrying, can make big differences in how well the plane flies.  Airplane designers use “wind tunnels” to see how their planes will fly and how design changes will affect their performance against these four forces.  





A wind tunnel is essentially a big box with a fan at one end.  An airplane or part of an airplane is placed in the wind tunnel and then studied as air or gas rushes past it.  Wind tunnels range in size from those small enough to test a balsa wood glider to those large enough to test a full-size commercial airliner.  





The UW’s Kirsten Wind Tunnel measured 8 by 12 feet, and was 10 feet long.  Its propellers could move air up to 200 miles per hour during tests.  It was connected to computers that recorded data about all aspects of a plane’s performance during a test.  Designers could then compare the results they got by changing parts of the plane.  The Kirsten Wind Tunnel was often used to test commercial plane components.  Today, Scott was using it to test a small, experimental aircraft.


STOP
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Scott Eberhardt:  Teaching Notes for Part Two





Review with students the basic information they have learned about how planes fly.


Ask them to sketch a plane and draw the four forces that affect it.





Then discuss with them why it might be important to test a plane’s design using a wind tunnel.  





Ask students to describe what they might want to do if they were testing an aircraft in a wind tunnel.  For example, what kind of information would they want to record?  Why would it be important to record information?





For more information about the Kirsten Wind Tunnel and UW Aeronautical Laboratory, you can consult www.aa.washington.edu/uwal/uwal.html 





Here is a short description about the wind tunnel from the University’s web site:





The Kirsten Wind Tunnel is a subsonic, closed circuit, double return wind tunnel.  The tunnel has a test section with a rectangular 8’x12’ cross-section that is 10 feet long.  Two sets of 14’9”-diameter 7-bladed propellers move the air up to 200 miles per hour through the test section.  A PC-based data acquisition system running LabVIEW software records data from a 6-component external balance.  The data is then sent via a serial connection to an on-line plotting PC.








�
Part Three  - Read to the bottom of the next page.





The notes the students had left about their test of this small airplane two years ago said that they had tested only the wings and fuselage (the body of the plane); they had removed the engine and tail before testing it in the wind tunnel.  Because an important part of any kind of scientific test is to make sure you can get the same test results a second time, Scott decided to repeat the students’ measurements before he made any changes to the plane.





He put the plane into the wind tunnel just as the students said they had:  with fuselage and wings only.  He made no other adjustments to the plane.  He set everything else exactly as the students had recorded.  And, he should have gotten the same results.  But, his results were quite different, especially when he measured drag on the plane.  The plane was measuring much less drag this time.  





What had happened?  Had the plane been damaged or changed in some way?  Was the wind tunnel giving faulty readings?  Or was there some mistake in the notes the students had taken on their test two years ago?





Scott reviewed all the information he had.  The students’ notes indicated that the plane had been tested with only its wings and fuselage.  But the photographs they had taken during their tests showed the plane with its tail and engine on!  What was going on here?





The conflicting information about the first set of tests – and the test results that seemed to indicate that the students couldn’t have tested the plane the way their notes said – made Scott realize that he wouldn’t be able to use any of the data the students had collected.  Because they hadn’t kept careful records, or “documentation,” he couldn’t check their work by recreating their experiment.  And so, he had to start over.





He knew that in the future he would help students learn to document their work more carefully.  He also resolved to work with his students to establish standard rules and procedures for testing their aircraft in the wind tunnel.  If everyone followed the same rules and kept the same information, they wouldn’t have these problems.  For now, though, he began the experiments over, this time keeping very careful notes.





�
Assessment/Closure – For their assignment, each student will create a short report explaining how they would document information from wind tunnel tests and create a procedure to help students learn to document information. 





Scott Eberhardt:  Teaching Notes for Assignment





Ask your students to discuss in their small groups what they think Scott should do next.  Then ask them to write a 3-paragraph essay describing what types of information should be kept on wind tunnel tests.  Their paragraphs should cover:


·	What Scott should do next.


·	What information should be recorded during wind tunnel tests.


·	What rules should be created for documenting future experiments.





�
ANSWER KEY – SCOTT EBERHARDT





Next steps.  Scott will clearly need to begin the experiments over again.  The information from the last set of tests is so contradictory that it cannot be used.  Scott should recreate all the measurements the students attempted to take two years earlier, recording each step carefully.





Information to be recorded.  For each wind tunnel test, experimenters should collected the following information:  


·	Information about the aircraft and what specific components of it and settings were used.  This information should include photos if possible.  


·	In addition, the experimenter should record exactly what settings were used in the wind tunnel, where in the tunnel the aircraft was placed, and how long the test covered.  Again, photos or other documentation would be helpful.  


·	Then, the experimenter should record and save all data gained from the test.





Rules for future experiments.  Scott should create a worksheet for students to complete each time they do an experiment in the wind tunnel.  The worksheet should give students clear instructions about what information they need to record.  By following this same procedure each time they do a test, students will be sure to collect all the information that is necessary to provide clear documentation.





�
Scott Eberhardt – Longer-term assignments.





1.	Ask students to think about an everyday process in their lives which could benefit from a more standard procedure or more careful documentation.  For instance, when they get to the last roll of toilet paper in their house, what do they do?  Do they tell someone?  Create a list somewhere?  What will happen if no one knows they are out of toilet paper?  Ask students to create a procedure for an everyday occurrence:  who in the family needs to be driven somewhere, who will be home for dinner, etc.  Ask them to write a one-page paper documenting the procedure they could use.





2.	Ask students to use the library and Internet to research the history of wind tunnels.  When were they discovered?  How have they been used?  What developments in aviation have resulted from the use of wind tunnels?  Ask them to write a 2-page paper summarizing what they learned.





3.	For a full-class exploration of the use of wind tunnels, build a wind tunnel and test glider designs in it.  NASA has a wind tunnel tour and instructions for building a wind tunnel at:  http://observe.ivv.nasa.gov/nasa/aero/tunnel/tunnel_main.html





SCOTT EBERHARDT – Teaching Notes


Prepared by the Magnuson Partnership for International Trade & Transportation, a project of King County and the Port of Seattle











