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PATHWAY:  
Flight Operations
COURSE:  

Fundamentals of Aviation
UNIT 2: 

ACCT_FA_2 Propulsion 
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Annotation: 
This unit explores the concept of propulsion. The students will use simulations and hands-on activities to examine aircraft and rocket propulsion.

Grade(s):  
	
	9th

	X
	10th

	X
	11th

	X
	12th


Time:  
5 Hours
Author: 
Debi Huffman
Students with Disabilities:

For students with disabilities, the instructor should refer to the student's IEP to be sure that the accommodations specified are being provided appropriately. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation. Many students (both with and without disabilities) who struggle with reading may benefit from the use of text reading software or other technological aids to provide access to printed materials. Many of these are available at little or no cost on the internet.
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GPS Focus Standards: 
ACT-FA-2. Students will develop an understanding of the structure and properties of matter; will understand laws of motion, force and universal gravitation as they apply to flight; and will understand conservation of energy and interactions of energy and matter.     
b. Design and conduct experiments that demonstrate rocket propulsion. 

c. Apply Newton’s Laws of Motion to flight. 

d. Understand how different aircraft engines convert fuel into kinetic energy. 

GPS Academic Standards:
SCSh4.   
Students will use tools and instruments for observing, measuring, and manipulating scientific equipment and materials.  

SCSh5.   
Students will demonstrate the computation and estimation skills necessary for analyzing data and developing reasonable scientific explanations
SPS8. 
Students will determine relationships among force, mass, and motion.
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Enduring Understandings: 
Students will have an understanding of some of the basic scientific principles of propulsion.
Essential Questions: 
· How does an airplane produce thrust?
· How do piston and jet engines work?
Knowledge from this Unit:  
Students will:

· Compare the relationship between Newton’s Laws of Motion and how they are used to produce thrust.

· Describe the mathematics of the General Thrust Equation used to calculate thrust of a propulsion system.
· Discuss ways to increase lift on an airplane.

· Explain the different principles behind thrust generated by propellers, turbines and rocket motors.
Skills from this Unit:  
Students will be able to:

· Use simulations to demonstrate how engines work.

· Apply the Thrust Equation to calculate the thrust produced by an engine.

· Design and launch a water powered rocket test principles of thrust.
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Assessment Method Type: 
	x
	Pre-test

	X
	Objective assessment - multiple-choice, true- false, etc.

	
	_X_ Quizzes/Tests

__ Unit test

	
	Group project

	
	Individual project

	
	Self-assessment - May include practice quizzes, games, simulations, checklists, etc.

	
	__ Self-check rubrics   

__ Self-check during writing/planning process

__ Journal reflections on concepts, personal experiences and impact on one’s life

__ Reflect on evaluations of work from teachers, business partners, and competition judges

_X_ Academic prompts

__ Practice quizzes/tests

	
	Subjective assessment/Informal observations

	
	__ Essay tests

_X_ Observe students working with partners

__ Observe students role playing

	
	Peer-assessment  

	
	__ Peer editing & commentary of products/projects/presentations using rubrics

__ Peer editing and/or critiquing

	
	Dialogue and Discussion

	
	__ Student/teacher conferences
_X_ Partner and small group discussions

_X_ Whole group discussions
__ Interaction with/feedback from community members/speakers and business partners

	
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

_X_ Application of skills to real-life situations/scenarios

	X
	Post-test
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•
LESSON 1:  How do airplanes generate thrust?

1. Identify the standard. Standards should be posted in the classroom.
ACT-FA-2:  Students will develop an understanding of the structure and properties of matter; will understand laws of motion, force and universal gravitation as they apply to flight; and will understand conservation of energy and interactions of energy and matter.     
c. Apply Newton’s Laws of Motion to flight. 

d. Understand how different aircraft engines convert fuel into kinetic energy. 
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2.
Review Essential Question(s). Post Essential Questions in the classroom. 

· How does an airplane fly?
· What factors affect the flight of an aircraft?

3.
Identify and review the unit vocabulary. Terms may be posted on word wall. All vocabulary for the unit should be included in a table format. Definitions should also be included in the attachments. (Definitions: Teachers Guide)
	Equilibrium
	Newton’s Laws
	Propellers
	Thrust Equation

	Internal Combustion Engines
	Orbit
	Propulsion System
	Turboprop

	Rocket Aerodynamics 
	Piston
	Jet Engines
	


4.
Show the video clip, “Aeronautical Oddities,” http://archive.org/details/aeronautical_oddities, and the one of the F-35B http://www.youtube.com/watch_popup?v=Ki86x1WKPmE&feature=colike as an introduction to aircraft propulsion. Then discuss types of engines used to power aircraft. 
5.
Use NASA’s Beginner’s Guide to Propulsion, https://www.grc.nasa.gov/WWW/K-12/airplane/bgp.html to show components of engines and differences in how they work. Have the students use EngineSim, http://www.grc.nasa.gov/WWW/k-12/airplane/ngnsim.html to investigate how a jet (or turbine) engine produces thrust by interactively changing the values of different engine parameters. Student worksheets are included in the activity. Students may want to advance to the online interactive NASA activity, Range Games, http://www.grc.nasa.gov/WWW/k-12/airplane/ngnsimr.html, where they will solve problems determining the motion and performance of different types of aircraft.

6.
Summary: This lesson was designed to introduce students to types of aircraft propulsion. Review the vocabulary and use simulations to explore how engines work and to determine motion and performance of different types of aircraft.
•
LESSON 2:  Rocket Engines 

1. Review Essential Question(s). Post Essential Questions in the classroom. 
· How do rocket engines work?
2.    Review vocabulary relevant to rockets.
3.   “Are You a Rocket Scientist?” http://www.squidoo.com/rocketsciencequiz Have the students take the short online quiz.  Use a NASA PowerPoint Presentation, “Rocket Modeler Talk – Beginner’s Guide to Rockets,” http://www.grc.nasa.gov/WWW/k-12/rocket/topics.htm, to introduce rocketry. 
4. 
Students use “All About Water Rockets,” http://www.grc.nasa.gov/WWW/k-12/rocket/BottleRocket/about.htm, to design and build a water bottle rocket. They may use the Simulators on the home page to predict the height of their rocket before launching. This may be assigned to complete at home in preparation for a class launch.  Materials and instructions for building the rockets and launcher are included on this site. Students may then want to design different virtual rockets and test them using RocketModeler II which can be accessed from the site as well. If time and interest prevail, students may build and fly model rockets. The Estes rockets are readily available at low cost at WalMart and Hobby Shops. Students may use the Ballistic Flight Calculator, http://www.grc.nasa.gov/WWW/k-12/rocket/flteqs.html, to predict the altitude and time to reach maximum altitude for their rocket designs.
5.
For a variety of interactive activities that cover Rocketry in-depth, use the “Informed Rocketeers Retention Game,”

http://www.grc.nasa.gov/WWW/k-12/rocket/TRCRocket/Rocket_Retention_Game.html, to assign activities to individuals or teams to complete.

6. 
Summary of lesson. After completing the simulations and model launches, the students should have a clear understanding of how rockets work.
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Culminating Unit Performance Task Title:  

Rocket Launch
Culminating Unit Performance Task Description/Directions/Differentiated Instruction:  
Students use simulation to predict the height of their bottle rockets and/or model rockets. Teacher may want to use “Informed Rocketeers Knowledge Game, http://www.grc.nasa.gov/WWW/k-12/rocket/TRCRocket/Rocket_Retention_Game.html to demonstrate an understanding of basic model rocketry.
Attachments for Culminating Performance Task: 
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Web Resources:
· http://archive.org/details/aeronautical_oddities

· http://www.youtube.com/watch_popup?v=Ki86x1WKPmE&feature=colike

· https://www.grc.nasa.gov/WWW/K-12/airplane/bgp.html

· http://www.grc.nasa.gov/WWW/k-12/airplane/ngnsim.html

· http://www.squidoo.com/rocketsciencequiz

· http://www.grc.nasa.gov/WWW/k-12/rocket/BottleRocket/about.htm

· http://www.grc.nasa.gov/WWW/k-12/rocket/flteqs.html

· http://www.grc.nasa.gov/WWW/k-12/rocket/TRCRocket/Rocket_Retention_Game.html

Materials & Equipment: 
· Computer with internet access
· Projection Equipment
•
2-L soda bottles, provided by students
· Manual or electric bicycle pump
21st Century Technology Used: 
	x
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	
	Interactive Whiteboard
	
	Calculator
	
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	x
	Image File(s)

	
	Web Design Software
	
	Blog
	x
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	x
	Website
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