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Power & Propulsion and Air Vehicles 

Evolution of Aircraft: Propellers to Scramjets 
Grade Level(s): 9 

Academic Content Area(s): Science; Technology; Engineering; 
Mathematics 

Topic(s): Physical Science; Science and Technology; Scientific 
Inquiry; Nature of Technology; Design; Measurement; 
Data Analysis and Probability; Patterns, Functions and 
Algebra 

 Recommended area of co-teaching for an AFRL Engineer or Scientist. 

Main Problem/Essential Question  
How can air propulsion be used and modified to increase the speed of an aircraft? 

Summary 
This activity will familiarize students with the history of aircraft propulsion beginning with the 
modeling of a vehicle using a propeller as a means of propulsion. The goal is to allow students 
to design an aircraft using specific materials that utilize air propulsion from a balloon as a 
means to travel. Using tools of measurement and methods of recording, students will 
investigate the essential question. They will maintain the same testing conditions while 
describing, illustrating, and evaluating their design process in an Engineering Logbook. They 
will record and analyze data collected and observed to make design improvements to their 
initial aircraft, vying for their aircraft to travel the fastest in the class.  

 Seeing its potential, organizations around the world are curently researching scramjet 
technology.  The United States Air Force is developing supersonic ramjets and scramjets to 
obtain the abilitiy to fly to China from New York in two hours; currently this takes thirteen to 
fifteen hours.  Current research at Wright Patterson Air Force Base (WPAFB) in this field can 
be explored through links provided in the additional resources section.  Inviting an engineer 
from WPAFB to introduce the evolution of flight from propellers to scramjets would be beneficial 
for helping students understand the progression of flight history. 

Big Idea(s) / Focus  
Human beings have been using powered flight to move from one place to another on the Earth 
for only about 100 years.  Our ability to move ever more quickly from one place to another and 
to overcome obstacles by taking to the air has shaped much of our modern history.  Advances 
in the technology of aircraft propulsion, from propellers, to turbines, to ramjets, and finally to 
scramjets, have been the focus of the aeronautics and military industries for years. Seeing its 
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future potential for high speeds, organizations around the world are currently researching 
scramjet technology. In the United States, the United States Air Force is developing supersonic 
ramjets and scramjets capable of flying to China from New York in two hours; as opposed to 
the current thirteen to fifteen hours. Current research in these areas at Wright Patterson Air 
Force Base in Dayton, Ohio can be explored through links provided in the additional resources 
section.  

A propeller is capable of moving an aircraft forward by pushing air backwards.  The propeller 
collides with the air as it rotates, and in this collision there is an interaction between the air and 
the propeller.  According to Newton’s third law, as the propeller pushes the air backwards, the 
air pushes the propeller forward.  As the propeller moves forward, it pulls the aircraft along with 
it.  The release of air from an inflated balloon can also propel an aircraft forward.  The balloon 
pushes the air that is inside of it out of the opening.  If the opening of the balloon is at the back 
of the aircraft, then the balloon will be pushing the air backwards.  As the balloon pushes the air 
backwards, the released air pushes the balloon forward, which moves the aircraft forward.  This 
reaction force that pushes the air vehicle forward is called thrust. 

In the absence of friction and air resistance, the reaction force on the aircraft from either the 
propeller or the air jet (balloon) engine will cause the aircraft to accelerate forward according to 
Newton’s second law.  If the effects of the forces of friction and air resistance are included, then 
the acceleration of the aircraft will be less, as these forces resist motion.  If friction and air 
resistance are larger than the thrust on the moving air vehicle, then the aircraft will slow down 
and come to rest.  Typically for this lesson, the thrust will exceed the resistive forces at the 
beginning and the aircraft will start moving forward on the string while gaining speed.  The 
thrust will then decrease to a value smaller than the resistive forces, and the aircraft will move 
forward on the string while slowing down until it comes to rest. 

During this investigation, students will be measuring and documenting the effects of different 
variables on the motion of the aircraft in their engineering log. Results will be carefully 
documented so that each teams’ results can be analyzed and shared with the other teams. 
Each team will also carefully illustrate any modifications made to their air vehicle to determine 
how these changes affect the motion.  The engineering design process used in this 
investigation will help student teams understand that problem solving is a dynamic process that 
cycles back to earlier steps as new information is gathered. The redesign process is the part 
that is most often neglected by other scientific investigations in the classroom due to time 
constraints. This redesign step is an integral part of this lesson during the development of each 
team’s final vehicle design.  

 Prerequisite Knowledge 
Students should be familiar with Newton’s three laws of motion. 

1. First law: Every object remains in a state of constant velocity unless acted upon by an 
external unbalanced force.  

2. Second law: A body of mass m subject to a net force F undergoes an acceleration a that 
has the same direction as the net force and a magnitude that is directly proportional to the 
force and inversely proportional to the mass, i.e., F = ma.  

3. Third law: The mutual forces of action and reaction between two bodies are equal, 
opposite and collinear.  

Students should be familiar with using formulas to determine unknown values. 
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http://en.wikipedia.org/wiki/Newton's_laws_of_motion 

Standards Connections 
Content Area: Science 

Physical Science Standard 

Students demonstrate an understanding of the composition of physical systems and the 
concepts and principles that describe and predict physical interactions and events in the natural 
world. This includes demonstrating an understanding of the structure and properties of matter, 
the properties of materials and objects, chemical reactions and the conservation of matter. In 
addition, it includes understanding the nature, transfer and conservation of energy; motion and 
the forces affecting motion; and the nature of waves and interactions of matter and energy. 
Students demonstrate an understanding of the historical perspectives, scientific approaches 
and emerging scientific issues associated with the physical sciences. 

Grade 9: Benchmark D: Explain the movement 
of objects by applying Newton’s three laws of 
motion. 

21. Demonstrate that motion is a measurable 
quantity that depends on the observer's frame of 
reference and describe the object's motion in 
terms of position, velocity, acceleration and time. 

 22. Demonstrate that any object does not 
accelerate (remains at rest or maintains a 
constant speed and direction of motion) unless 
an unbalanced (net) force acts on it. 

 23. Explain the change in motion (acceleration) 
of an object. Demonstrate that the acceleration 
is proportional to the net force acting on the 
object and inversely proportional to the mass of 
the object. (F net =ma. Note that weight is the 
gravitational force on a mass.) 

 

Science and Technology Standard 

Students recognize that science and technology are interconnected and that using technology 
involves assessment of the benefits, risks and costs. Students should build scientific and 
technological knowledge, as well as the skill required to design and construct devices. In 
addition, they should develop the processes to solve problems and understand that problems 
may be solved in several ways. 

Grade 9: Benchmark A: Explain the ways in 
which the processes of technological design 
respond to the needs of society. 

2. Identify a problem or need, propose designs 
and choose among alternative solutions for the 
problem. 

 3. Explain why a design should be continually 
assessed and the ideas of the design should 
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be tested, adapted and refined. 

 

Scientific Inquiry Standard 

Students develop scientific habits of mind as they use the processes of scientific inquiry to ask 
valid questions and to gather and analyze information. They understand how to develop 
hypotheses and make predictions. They are able to reflect on scientific practices as they 
develop plans of action to create and evaluate a variety of conclusions. Students are also able 
to demonstrate the ability to communicate their findings to others. 

Grade 9: Benchmark A: Participate in and apply 
the processes of scientific investigation to 
create models to design, conduct, evaluate and 
communicate the results of these investigations. 

3. Construct, interpret and apply physical and 
conceptual models that represent or explain 
systems, objects, events or concepts. 

 5. Develop oral and written presentations using 
clear language, accurate data, appropriate 
graphs, tables, maps and available technology. 

 6. Draw logical conclusions based on scientific 
knowledge and evidence from investigations. 

 

Content Area: Technology 

Technology and Society Interactions Standard 

Students recognize interactions among society, the environment and technology, and 
understand technology's relationship with history. Consideration of these concepts forms a 
foundation for engaging in responsible and ethical use of technology. 

Students learn that the interaction between society and technology has an impact on their lives 
and that technology may have unintended consequences which may be helpful or harmful. 
They learn that interaction of technology will affect the economy, ethical standards, 
environment and culture. Students evaluate the impact of products or systems by gathering 
and synthesizing information, analyzing trends and drawing conclusions. Students analyze 
technological issues and the implications of using technology. They acquire technological 
understanding and develop attitudes and practices that support ethical decision-making and 
lifelong learning. 

Grade 9: Benchmark A: Interpret and practice 

responsible citizenship relative to technology. 

1. Explain how making decisions about the use 

of technology involves weighing the trade-offs 

between the positive and negative effects. 
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Design Standard 

Students apply a number of problem-solving strategies demonstrating the nature of design, the 
role of engineering and the role of assessment. 

Students recognize the attributes of design; that it is purposeful, based on requirements, 
systematic, iterative, creative, and provides solution and alternatives. Students explain critical 
design factors and/or processes in the development, application and utilization of technology as 
a key process in problem solving. Students describe inventors and their inventions, multiple 
inventions that solve the same problem, and how design has affected their community. They 
apply and explain the contribution of thinking and procedural steps to create an appropriate 
design and the process skills required to build a product or system. They critically evaluate a 
design to address a problem of personal, societal and environmental interests. Students 
systematically solve a variety of problems using different design approaches including 
troubleshooting, research and development, innovation, invention and experimentation. 

Grade 9: Benchmark A: Identify and produce a 
product or system using a design process, 
evaluate the final solution and communicate the 
findings. 

1. Explain and apply the methods and tools of 
inventive problem-solving to develop and 

produce a product or system. 

 6. Brainstorm solutions to problems using 
common brainstorming techniques (e.g., select 
a leader, select a recorder, generate ideas, 
discuss and add-on to ideas of others and 
recognize all ideas are welcome).  

Grade 9: Benchmark B: Recognize the role of 
teamwork in engineering design and of 
prototyping in the design process. 

3. Create a model of a design solution to an 
engineering problem (e.g., virtual, physical, 
graphic or mathematical model).  

 

Content Area: Mathematics 

Measurement Standard  

Students estimate and measure to a required degree of accuracy and precision by selecting 
and using appropriate units, tools and technologies. 

Grade 9: Benchmark A: Solve increasingly 
complex non-routine measurement problems 
and check for reasonableness of results. 

1. Convert rates within the same measurement 
system; e.g., miles per hour to feet per second; 
kilometers per hour to meters per second. 

 5. Solve problems involving unit conversion for 
situations involving distances, areas, volumes 
and rates within the same measurement 
system. 
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Data Analysis and Probability Standard 

Students pose questions and collect, organize, represent, interpret and analyze data to answer 
those questions. Students develop and evaluate inferences, predictions and arguments that are 
based on data. 

Grade 9: Benchmark F: Construct convincing 
arguments based on analysis of data and 
interpretation of graphs. 

6. Make inferences about relationships in 
bivariant data, and recognize the difference 
between evidence of relationship (correlation) 
and causation. 

 

Patterns, Functions and Algebra Standard 

Students use patterns, relations and functions to model, represent and analyze problem 
situations that involve variable quantities. Students analyze, model and solve problems using 
various representations such as tables, graphs and equations. 

Grade 9: Benchmark J: Describe and interpret 
rates of change from graphical and numerical 
data. 

2. Generalize patterns using functions or 
relationships (linear, quadratic and 
exponential), and freely translate among 
tabular, graphical and symbolic 
representations. 

Preparation for activity 
Day 1: Copy pre-test (Appendix A) 

Access to video clip 
Assembled Space Derby Kit (Appendix C) 
Assembled flight path 
Copy Engineering Logbook (Appendix G) 

 
Day 2: Assembled Vehicle Kit 1 per team (see materials list) 

 
Day 3: No additional preparation 
 
Day 4: Air Vehicle data chart (Appendix F) 
 
Day 5: Copy post test (Appendix A) 

Critical Vocabulary  

Acceleration – how the motion of an object is changing, given by the time rate of change of 
the object’s velocity, taking into account changes in both speed and direction 

Action/Reaction Pair – the two forces described by Newton’s third law that are part of a single 
interaction, they are equal in magnitude, but opposite in direction, 
also, they act on different objects 

Distance – the magnitude of the difference in the position of two objects or events  
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Force – a push or a pull on an object 

Friction – a force that resists the movement between two objects that are in contact with each 
other 

Mass – the quantity of matter in an object  

Position – the location of an object or event  

Propeller – a set of rotating fan blades that provides thrust to a vehicle 

Propulsion – a means of pushing an object forward 

Speed – how fast an object is moving (without consideration of the direction in which it is 
moving) 

Velocity – the motion of an object as given by the time rate of change of the object’s position, 
described by giving the object’s speed and the direction in which it is moving 

Thrust – a reaction force on a vehicle created by having the vehicle push with an action force 
on another object, typically air, water, or exhaust gases 

Timeframe 

Day Time Allotment Activities 

1 45 minutes 
 Administer pre-test to students 

 Show short video clip on the scramjet 

 Distribute Engineering Logbook 

 Demonstrate Propeller Aircraft  

2 45 minutes 
 Introduce engineering design process. 

 Distribute the Vehicle Kits 

 Students will brainstorm design ideas with their team to build 
four different aircraft models. 

3 45 minutes 
 Students will predict results of their trials in their Engineering 

Logbook and then complete the trials. 

 Teams will brainstorm a new team-designed Air Vehicle and 
sketch their design in their Engineering Logbook. 

4 45 minutes 
 Students will build and test their new team-designed model, 

collect and record data in their Engineering Logbook and on 
the class Air Vehicle Data Chart.  

 Students will continue to redesign and test as time allows. 

5 45 minutes 
 Introduce the new technology of scramjets and ramjets to 

students, explaining difference between turbine technology and 
jet technology 

 Students will utilize their data to determine how long it would 
take for their fastest design to travel the same distance as a 
ramjet and a scramjet.  

 Post Activity discussion 

 Administer the post test 
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Materials & Equipment 
Handouts/Assessments/Paperwork 

Pre-test       1 per student 

Engineering Performance Rubric     1 per student 

Post-test       1 per student 

Engineering Logbook        1 per student 

 

General supplies 

Propeller aircraft (Space Derby Kit)     1 per teacher 

Water-based Wood Glue       1 per teacher 

Medium & Fine Sandpaper       1 piece of each 

Index Card       1 per teacher 

2 binder clips       2 per propeller aircraft 

Air Vehicle Data Chart       1 per class 

Stopwatches        3 per team 

Meter Sticks       1 per team 

Calculators       1 per team 

Vehicle Kits       1 per team 

50lb Test Nylon filament fishing line     3-5 meters per team 

Duct tape or masking tape       1 per team 

Scissors       1 per team 

Balloon pump       1 per team 

Stacked textbooks or 2 ring stands     1 set per team  

Interactive Whiteboard or Chart Paper    1 per teacher 

   

Vehicle Kit: (For each team) 

20 regular drinking straws 

5 milk shake straws (larger diameter straw) 

16 balloons of varying shape and size, not to exceed 3 of the same size and shape  

10 small rubber bands 

10 small binder clips 
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Safety & Disposal 
Provide latex free balloons or gloves for any students with known latex allergies. Implement 
proper behavior while using Nylon filament fishing line as it is difficult to see. Students should 
utilize a balloon pump for sanitary reasons (do not allow students to put their lips on the 
balloon).  

Pre-Activity Discussion 
Demonstrate propulsion by using the Space Derby Model. Have the students observe the 
movement and flight path of the model.  

Following the demonstration, engage the class on a discussion of propellers and how they 
move air.  Include in your discussion Newton’s Three Laws of Motion and how it relates to 
flight. 

Ask the students to discuss what else could move the air.  Does it have to be a propeller? How 
could the materials be rearranged to create something that would fly without a propeller?  

Students should record their thoughts/brainstorming in their Engineering Logbook. 

Teacher’s Note: Below is a list of video clips that provide additional information on the various 
aircraft, from propellers to scramjets.  These may serve as additional teaching aids throughout 
the lesson. 

 http://www.history.com/videos/wright-brothers-are-first-in-flight#the-most-b-17-bomber 

 http://videos.howstuffworks.com/n-a/1435-gr-7-turbine-engine-starter-kit-video.htm 

 http://spaceflightnow.com/news/n0404/07x43a/ 
 

 Invite an AFRL Engineer or Scientist in to your classroom to discuss the science of flight.   
Encourage them to discuss how Newton’s Laws and the understanding of flight equations help 
them in their work efforts. 

Teacher Instructions 
Day 1: 

Objective: Generate student interest in the history of the technology that has influenced 
flight. 

1. Distribute the pre-test to students. (Appendix A) 
2. Distribute the Engineering Logbook to students so they can record their observations 

and data collected from the Pre Activity Discussion. (Appendix G)  
3. Show website information on propeller driven aircrafts to the class. This information will 

help students answer the Pre Activity Discussion questions in their Engineering 
Logbook. Choices include: 

 http://www.history.com/videos/wright-brothers-are-first-in-flight#the-most-b-17-
bomber 

http://www.history.com/videos/wright-brothers-are-first-in-flight#the-most-b-17-bomber
http://videos.howstuffworks.com/n-a/1435-gr-7-turbine-engine-starter-kit-video.htm
http://www.history.com/videos/wright-brothers-are-first-in-flight#the-most-b-17-bomber
http://www.history.com/videos/wright-brothers-are-first-in-flight#the-most-b-17-bomber
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 http://videos.howstuffworks.com/n-a/1435-gr-7-turbine-engine-starter-kit-
video.htm 

 http://spaceflightnow.com/news/n404/07x43a/ 
 

 http://www.ask.com/web?q=Airplane+Propeller+Systems&o=102140&1=dir 
 Retrieved May 20, 2011, from www.thaitechnics.com/propeller/prop_intro.html 

 http://en.wikipedia.org/wiki/Newton's_laws_of_motion  
 

4. Demonstrate the propeller aircraft (Space Derby Kit) to the class. Students should help 
you collect data to use as baseline data for the engineering challenge. This information 
will be recorded on the Air Vehicle Data Chart (Appendix F) that is posted in the 
classroom. Options: When posting data for the class you can utilize a blackboard, 
whiteboard, chart paper, or a document camera. Students should copy the data into 
their Engineering Logbook.  

 
 

Day 2: 

Objective: After observing and recording data from a propeller aircraft demonstration 
the student teams will discuss and brainstorm design ideas using their Vehicle Kit 
materials. 

1. The teacher should introduce the engineering design process chart in the Engineering 
Logbook (Appendix G). This chart and series of questions will help the student teams 
answer the engineering design challenge question stated in their Engineering 
Logbooks. Using the engineering design process (AskThink Plan Test 
Improve), the student teams will make decisions about the design of their aircraft.  

2. Distribute the Vehicle Kits to each team of students. 
3. Each team will build up to four different aircraft vehicles to design, build, and test. Using 

their Engineering Logbook each student team will document their answers to the 
engineering design process questions. 

 
Day 3: 

Objective: Students will build their  Air Vehicle designs, test and redesign. 

1. Teacher will check the Engineering Logbooks (Appendix G) to ensure that students 
followed the engineering design process and will also provide approval to begin 
construction of the Air Vehicles. 

2. Students predict what they think will happen to the four Air Vehicles and support their 
thinking. Students should note which Air Vehicle they think will be the fastest and 
slowest in their Engineering Logbook. 

3. Teams will complete trial runs, collecting and recording data in the Engineering 
Logbook. The sketches of each Air Vehicle design will be posted in the classroom on 
the Air Vehicle Data Chart (Appendix F) for all teams to see.  

4. After student teams have completed testing each Air Vehicle design, as a team they will 
list the pros and cons of each design. 

http://videos.howstuffworks.com/n-a/1435-gr-7-turbine-engine-starter-kit-video.htm
http://videos.howstuffworks.com/n-a/1435-gr-7-turbine-engine-starter-kit-video.htm
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5. Each team will brainstorm a new team-designed Air Vehicle that they believe will 
improve their two fastest designs. Students should be reminded that this is the 
“Improve” step of the engineering design process. 

6. Students sketch the new Air Vehicle design in the Engineering Logbook. The teacher 
will give approval for each teams’ design.  

7. At the end of each day the student team members should date and list any tasks that 
they need to do the next day. After completing the tasks, each team should reflect on 
how modifying the design influenced the outcome of their trials. 

 The engineer or scientist can help students analyze data, and discuss variables that could 
be changed to modify their Air Vehicle. The student teams may also need help analyzing and 
interpreting the data posted on the Air Vehicle Data Chart from other teams to avoid duplication 
of the same variable changes. 

 
Day 4: 

Objective: Students will analyze their team Air Vehicle designs, test and re-design in 
order to determine their best Air Vehicle design before the end of class today. 

1. Students will build a new team-designed Air Vehicle that has been approved by the 
teacher. 

2. Students test their Air Vehicle, collecting and recording data in the Engineering 
Logbook. The teams will sketch their new Air Vehicle re-design on the posted Air 
Vehicle Data Chart.  

3. Students continue to redesign and test as many Air Vehicle designs as time allows 
documenting all observations and test results in their Engineering Logbook. It is 
important that student teams take the time to note the results of the other teams that are 
posted on the Air Vehicle Data Chart (Appendix F) to avoid duplicating the same 
variable design changes.  

4. Students test their Air Vehicle, collecting and recording data in the Engineering 
Logbook. The teams will post their sketches and data of each new Air Vehicle re-design 
on the Air Vehicle Data Chart. Additional copies may be needed for those groups who 
build more than two re-designs of their Air Vehicle. 

 The engineer or scientist can help students analyze data, and discuss variables that could 
be changed to modify their Air Vehicle. The student teams may also need help analyzing and 
interpreting the data posted on the Air Vehicle Data Chart from other teams to avoid duplication 
of the same variable changes. 

 
Day 5: 

Objective: Using their best Air Vehicle design the students will compare and contrast 
their Air Vehicle to the original data from the teacher demonstration of the propeller 
aircraft (Space Derby Kit), and other engine design technology test results. 

1. Introduce the technology of ramjets and scramjets to the students, explaining the 
differences between turbine technology and jet technology.  See Appendix E, Engine 
Schematics, for more information on air vehicles with propellers, turbines, turbofans, 
ramjet and scramjet engines. This appendix will provide additional information about the 
progression of engines. 
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2. Introduce the latest technology developments for scramjet design.  This information can 
be found in volume 10, issue 4, of the Industrial Physicist (2004): 
http://www.aip.org/tip/INPHFA/vol-10/iss-4/p24.html 

3. Students will then use the propulsion data, provided by the teacher, to determine how 
long it would take for their final Air Vehicle to travel the same distance as other engine 
technologies. This data is included in Appendix E. The Chart within the background 
information should also be used to determine travel times. Students may need atlases 
or access to a computer to determine the distances to the locations specified by the 
teacher. These distances could be posted in the classroom to eliminate the need to look 
them up. Options: When posting Appendix E information for the class you can utilize a 
blackboard, whiteboard, chart paper, or a document camera.  

4. After each team has finished their calculations of the flight times the teacher should lead 
a discussion about the differences and needs of various engine technologies. The 
background information provided in the lesson along with information in Appendix E can 
be used to focus the class discussion. 

5. As a whole class examine the Air Vehicle Data Chart. Discuss the data trends and 
designs. These questions could be asked as a whole class discussion or could be used 
as an exit slip, providing the students the opportunity to write about what they have 
learned. 

 Which design(s) increased the speed? Why? 

 Which design(s) decreased the speed? Why? 

 Which design(s) that increased the speed, increased it the most? Why? 

 Which design(s) that decreased the speed, decreased it the most? Why? 

 Which design modifications provided the most consistent speeds? Why? 

 Are there aspects of the fastest design that could be incorporated into the 
propeller aircraft that could make it faster? 

6. Distribute the post test. (Appendix A) 

 The Engineer or Scientist could help students calculate the amount of time each of the 
engine technologies would take compared to their own air vehicle design.  
 

Background Information 
Engine design has changed drastically throughout the history of aircraft, with this 

evolution driven by the need for increased performance.  Aerospace engineers are always 
looking for ways to make aircraft faster, to make them fly higher, and to have them carry even 
bigger payloads.  People are always striving for faster speeds as a means to shorter travel 
times, providing everyone a quicker arrival at their destination.  As will be discussed, engine 
design, number of engines, and overall aircraft design are the primary drivers for increased 
aircraft speeds.  Within aircraft design, we include parameters such as the size and weight of 
the aircraft, the wing design and aerodynamic drag, and even the materials used for 
construction.  This lesson focuses primarily on the engine advances. 
 Piston engines (similar to your typical car engine) were the first engines used on early 
aircraft.  The piston engines are used to drive propellers which in turn provide thrust for the 
aircraft.  The first aircraft was the 1903 Wright Flyer which was propeller driven and achieved 
30 mph during its first flight.  This was a biplane design (two wings above and below) with one 
engine powering two propellers.  Fabric covered airplanes continued to achieve higher speeds 
as better aircraft designs were coupled with larger and more efficient engines.  The limit of 
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biplanes was achieved in a relatively short timeframe (by the end of WW I) because these 
planes could not go any faster than 200 mph. 
 As aerospace engineers moved to all metal monoplanes (single wing design) and even 
more powerful engines in the 1930s, speed jumped into the 400 mph range.  By the middle of 
WW II, the P-51 Mustang could achieve a maximum speed of 437 mph.  Propeller driven 
aircraft can be fuel efficient, but as the planes approach higher speeds, shock waves form at 
near sonic conditions.  The speed of sound is 760 mph and this is also known as Mach 1.  Any 
speed below Mach 1 is subsonic, and anything above is supersonic.  Propellers spin very fast 
and the speeds at the tips of the propeller create turbulent aerodynamic conditions as the 
aircraft’s speed moves closer to the speed of sound.  This imposes a physical limit on the top 
speeds of propeller driven aircraft of about 450 mph.  These limits caused aerospace engineers 
to radically change engine design and invent turbine engines in the late 1930s.  Inventors in 
both Germany and England nearly simultaneously invented the turbine engine in 1936. 
 The turbine engine works by extracting energy from the flow of combustion gases.  For 
aircraft, the energy is extracted in the form of increased airflow or thrust from the exhaust 
gases.  Turbine engines have a greater power-to-weight ratio than piston engines.  This means 
that the amount of power produced by the engine compared to its weight is very favorable.  
Turbine engines are also smaller than piston (or reciprocating) engines with the same power 
and they can operate at much higher altitudes since they are not as dependent on the higher 
air densities that are required by propellers.  The disadvantage of turbine engines is that they 
spin at much higher speeds requiring much tighter machine tolerances.  These speeds also 
create much higher operating temperatures requiring better materials.  This makes it tougher to 
design and build the turbine engine, making them much more expensive than piston engines. 
 A little over a decade after turbine engines were invented, the first operational jet fighter 
aircraft was in use.  The term jet aircraft is used to describe any plane using a turbine engine 
for propulsion.  The Germans were the first, and they designed and flew the Messerschmitt ME 
262.  It was the fastest conventional jet of WW II and could reach a top speed of 560 mph.  
This increased speed was a distinct advantage for the jet when dogfighting with other slower, 
propeller driven aircraft.  The only disadvantage of the jet was the shorter amount of time that 
the jet could stay in the air because of its higher rate of fuel consumption. 
 Jet fighters continued to improve over the next several decades.  The use of swept 
wings on fighter designs allowed them to fly closer to the speed of sound.  Continuing technical 
advances in aerodynamics, propulsion, and materials, coupled with the use of afterburning 
turbine engines allowed aircraft to finally break the sound barrier and maintain supersonic 
speeds in level flight.  Another variation of the turbine engine is the turbofan engine.  In the 
turbine engine, all of the air entering the engine inlet is routed thru the combustion chamber.  
The turbofan varies this design by allowing some of the air to bypass the combustion chamber.  
The end result is lower pressures throughout the engine at higher speeds and more efficient 
operation over a wider range of aircraft speeds.  The table below summarizes the comparative 
performance of various fighter aircraft over the years.  (See Appendix E for engine schematics 
and performance data charts for the engines listed in the table below.) 
 

Engine Type Aircraft Example Time Period Max Altitude (ft) Max Speed (mph) 

Piston (Propeller) Wright Flyer 1903 30  30 

 Bleriot XI 1909 5000 47 

 SPAD S.XIII 1917 21,815 135 

 Boeing P-26 1933 27,400 234 

 P-51D Mustang 1943 41,900 437 

Turbine (Jet) ME 262 1944 37,730 541 
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 F-86F 1948 49,600 687 

 F-105D 1956 48,500 1372 

 F-4E 1960 60,000 1472 

 F-16C 1978 60,000 1500 

 F-22 1997 65,000 1500 

Turbine (Ramjet) SR-71 Blackbird 1970-1999 80,000 Mach 3.3+ 

Ramjet Missile systems 1970-
Present 

100,000 Mach 3-6 

Scramjet Unmanned test 
vehicles 

2000-
Present 

100,000 Mach 6-10 

(Teachers Note: Most of these fighter aircraft can be seen at the National Museum of the Air 
Force in Dayton, OH) 
 

A ramjet is a form of a jet engine that uses the engine’s forward motion to compress 
incoming air without the use of a rotary compressor.  This provides a significant weight savings 
and reduces engine complexity.  The disadvantage of the ramjet is that it cannot produce thrust 
at a standstill and therefore needs another type of engine to provide thrust before the ramjet 
can kick in and take over.  This works well for missiles since they typically use a rocket first 
stage that boosts the speed high enough for the ramjet to kick in.  Ramjets require a 
considerable speed to begin operation and work most efficiently in the Mach 3 range.  A unique 
reconnaissance aircraft called the SR-71 Blackbird was built with unique engines that can 
switch from turbine to ramjet operation.  At around 2000 mph, the engines switch to a ramjet 
configuration that bring it up to a cruising speed of Mach 3.2.  Interestingly, the SR-71 airframe 
is composed of 90% titanium alloy because at these speeds the frictional heating of the aircraft 
would melt aluminum alloys.  Also to withstand heat, the main landing gear tires have been 
impregnated with aluminum and are filled with nitrogen so the pressure difference will not 
cause them to rupture.  Ramjets can theoretically operate all the way up to Mach 6 before the 
engine approaches its design limits. 
 Ramjets always slow the incoming air to a subsonic velocity within the combustion 
chamber.  Supersonic Combustion ramjets, or scramjets, allow some of the air to go completely 
thru the engine at supersonic speeds.  Although scramjet engines have been studied for 
decades, it is only recently that small, unmanned experimental units have been successfully 
flight tested.  The main problem with scramjets has been in starting and maintaining even 
combustion at these incredible speeds of air through the engine.  A good analogy would be 
trying to start a campfire (and keep it burning) in hurricane winds.  In 2004, the X-43 scramjet 
operated for just 12 seconds and achieved a speed of Mach 9.8 (7546 mph) making it the 
fastest air breathing jet aircraft.  While this test was very short, it was a milestone in the 
development of scramjets.  In May of 2010, the X-51 Waverider was able to attain a more 
moderate speed of Mach 5 for a much longer 200 seconds.  This AFRL aircraft team continues 
testing and experimentation today. 
 

Instructional tips 
Day 1: Construct the propeller aircraft (Space Derby Kit) in advance (Appendix C). Setup the 
flight path (at least 3 meters long) and test it yourself before class. Observe proper behavior 
while using Nylon filament fishing line as it is difficult to see.  

Day 2: Prepare Vehicle Kits in advance making sure that each team gets one kit. Each person 
in the team will brainstorm ideas for their design, sketch their design, and with teacher approval 
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build their model based on their design. Be sure that students are using the balloon pumps to 
avoid having multiple students blowing up the same balloon. When having students set up their 
flight paths make sure they are at least 3 meters long.  

Day 4: The Air Vehicle Data Chart could be set up on an interactive whiteboard or on chart 
paper.  

Assignment of Student Roles and Responsibilities:  

Students will all assume the same role:  

Role Name Brief Description  

Engineer  Responsible for collecting, recording, and interpreting data in 
their Engineering Logbook 

 Responsible for designing, building, testing, redesigning, and 
retesting each prototype air vehicle 

 Responsible for communicating with other engineers 

 

Student Instructions 
Day 1: 

 Take pre-test 
 Participate in pre-activity discussion 
 Collect data from the teacher demonstration of propeller aircraft and record in 

Engineering Logbook 
 Read engineering design challenge 

Day 2: 

 Follow engineering design process by asking and answering questions about the 
challenge 

 Brainstorm design ideas that can be built with the Air Vehicle Kit provided to your team, 
making sure each team member has a different design 

 Support each design idea with materials you might use or rationale 
 Sketch the design of your aircraft in your Engineering Logbook  
 Receive teacher approval to advance to the next step in the engineering design process 

Day 3:  

 Predict what you think will happen to each model your team members construct as well 
as your own, supporting your prediction in your Engineering Logbook 

 Complete trial run 
 Collect and record data in your Engineering Logbook 
 List the pros and cons of each design 
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 Brainstorm a new model with your team, based on your two fastest designs 
 Sketch your new team design in your Engineering Logbook, supporting your redesign 
 Receive teacher approval to advance to the next step in the engineering design process 

Day 4 

 Construct new team-designed model 
 Test and record data in Engineering Logbook 
 Record a sketch of your team model and record collected data on the Air Vehicle Data 

Chart 
 Continue to redesign to make a faster model as time allows, making sure to look at data 

and designs on the Air Vehicle Data Chart 
 Record a sketch of each new model and the collected data from the new team-designed 

model on Air Vehicle Data Chart and Engineering Logbook 

Day 5 

 Using the data you collected for your vehicle, determine how long it would take for your 
air vehicle to travel a specific distance. A few specific examples could include the 
Wright Brother’s first flight distance (approximately 34 meters) and New York to China.   

 Take post test 

Formative Assessments 
Engineering Logbook Assessment Rubric (Appendix D)  

Post-Activity Discussion 
As a whole class, examine the Air Vehicle Data Chart. Discuss the data trends and designs. 
These questions could be asked as a whole class discussion or could be used as an exit slip, 
providing the students the opportunity to write about what they learned. 

Which design(s) increased the speed? Why? 

Which design(s) decreased the speed? Why? 

Which design(s) that increased the speed, increased it the most? Why? 

Which design(s) that decreased the speed, decreased it the most? Why? 

Which design modifications provided the most consistent speeds? Why? 

Are there aspects of the fastest design that could be incorporated into the propeller aircraft that 
could make it faster? 

 Invite an AFRL Engineer or Scientist to join the class and review the student designs and 
performance results.  The engineer could recommend design changes and test students 
knowledge in potential excursions or re-designs.   

Pre-Test / Post-Test 

See Appendix A for pre-/post-test 
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Pre-Test / Post-Test Rubric 

See Appendix B for pre-/post-test rubric 

Technology Connection 

Integration Model Application Description 

Technology that supports students and 
teachers in adjusting, adapting, or 
augmenting teaching and learning to 
meet the needs of individual learners or 
teams of learners 

Video: Students connect to the evolution of 
aircraft through videos and online content such as 
found on YouTube. 

Video Projector 

Interactive Whiteboard 

Technology that supports students and 
teachers in dealing effectively with 
data, including data management, 
manipulation, and display 

Calculators may be used to help students check 
their equations. 

Stop watches will be used to time trials. 

Interactive Whiteboard may be used to compile 
classroom data. 

Meter Sticks 

Technology that supports students and 
teachers in conducting inquiry, including 
the effective use of Internet research 
methods 

Internet:  Students use the internet to research 
changes in US flight. 

 

Technology that supports students and 
teachers in simulating real world 
phenomena including the modeling of 
physical, social, economic, and 
mathematical relationships  

Propeller: Teacher will demonstrate flight with a 
propeller using a physical model. 

The Ramjet/Scramjet Engine by the Aviation 
History On-Line Museum  
http://www.aviationhistory.com/engines/ramjet.htm 

 

Balloon Pump to simulate the compressed air 
vehicle. 

Technology that supports students and 
teachers in communicating and 
collaborating including the effective use 
of multimedia tools and online 
collaboration  

Students will utilize an Engineering Logbook to 
record and document their engineering design 
process. 
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Interdisciplinary Connection 

 After being read What’s Faster than a Speeding Cheetah by Robert E. Wells, students 
can write a similar picture book making sure to include their various prototypes created 
by their class and/or team members into the story. Students can also include a 
comparison that would illustrate the variance in time it would take each air vehicle to 
travel a specific distance.     

 Create World War I postcards and base each postcard on factual events from the 
timeframe of WWI mentioning events at the front and back home. Include related 
images to enhance the project. Address various perspectives including, but not limited 
to, soldier in Central Army, soldier in Allied Army, woman on the homefront, prisoner of 
war, and political leader.  

 

Extension Activities 

 Choose a specific engine related technology introduced during WWI and create a 
timeline outlining the evolution of that item from inception through modern uses.  

 Create a scrapbook with photographs, drawings, and images, all with captions, to tell 
the biography of a specific engine used during war.  

 

Home Connection 
Have students have a paper airplane-flying contest with family members. Family members can 
re-design and modify their paper airplane and compete against each other to have a paper 
airplane that flies the farthest distance.  

Differentiated Instruction (Process, Product, or Content) 
Differentiation of the instruction process will depend on the student’s ability to independently 
work in cooperative teams. Teachers could determine teams based on each student’s prior 
knowledge and abilities to measure, record, and analyze data.  

Individual students or teams could be given modified expectations concerning the number of 
Air Vehicles built and tested. Another modification could be allowing students to work and 
record data with a partner in the same Engineering Logbook. Results of testing and 
brainstorming ideas could be modified by having students orally report their results to the 
teacher who then records the results on the Air Vehicle Data Chart posted in the classroom. 

The content could be modified for some students or teams by having each team calculate the 
propulsion data for one of the different engine technologies and then sharing the results with 
the class.  
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Extension 
 Students can create a 3-D model of their prototype using Google Sketch-Up and/or 

SolidWorks. If students have access to a 3-D printer, a plastic model can be printed.  

 Students can create a timeline illustrating the evolution of flight from propeller to 
scramjet.  

 Students can create a Venn diagram to explain the similarities and differences between 
types of air propelled vehicles. 

 Students can investigate flight using a flight simulator demo, Xplane.   
http://www.x-plane.com/pg_downloads.html 

 Visit the National Museum of the United States Air Force in Dayton, Ohio. 

 

Career Connection 
The Air Force Research Laboratory (AFRL) Power and Propulsion Directorate located at 
Wright-Patterson AFB in Dayton, Ohio, provides a complete spectrum of advanced propulsion 
technologies for the nation's military services.  Because AFRL demonstrates these 
technologies through partnerships with industry, AFRL is very often a principal provider of 
propulsion technologies to aircraft and rocket engine manufacturers serving commercial 
industry as well.   
 
Besides providing propulsion technologies for aircraft, rockets, and spacecraft, the directorate 
also conducts leading edge research and development in aerospace fuels, propellants, and 
power generating systems.  AFRL is leading the investigation for suitable, domestically 
produced alternative fuels for military use and is actively certifying suitable synthetic fuels for 
the Air Force fleet, as part of the Air Force's comprehensive energy strategy.  
 
Typical STEM college degrees that are needed within the Power and Propulsion Directorate 
are Aerospace Engineering, Mechanical Engineering, Chemistry, Computer Science, Electrical 
Engineering, and Physics.  As an example, aerospace engineering is a career that deals with 
the design, construction, and application of the science behind the forces and physical 
properties of aircraft, rockets, and spacecraft.   
 
In the May 19, 2011 issue of TIME magazine, there is an article on the new PurePower Geared 
Turbofan jet engines from Pratt & Whitney.  Featured in this article is Katherine Knapp Carney, 
who discusses her job as an engineer. 
http://www.time.com/time/business/article/0,8599,2072437,00.html  
http://www.purepowerengines.com 
http://www.time.com/time/video/player/0,32068,950658343001_0,00.html 
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Additional Resources 

Resource: Purpose and Application: 

Space Derby Kit 
www.scoutstuff.org  
Item Number: 17095 
Boy Scouts of America Scout Shop 
4999 Northcutt Place 
Dayton, Ohio 45414 

The space derby kit provides an air-propelled 
vehicle to be used as a demo for students.  

NASA sites: 

http://www.grc.nasa.gov/WWW/K-12/UEET/ 
StudentSite/dynamicsofflight.html#lawofmotion 

http://www.grc.nasa.gov/WWW/K-
12/airplane/newton.html 

http://www.grc.nasa.gov/WWW/K-
12/airplane/forces.html 

The sites provide a clear explanation of how 
Newton’s Three Laws of Motion apply to flight. 

 

FoilSim III Elementary Version: 
http://www.grc.nasa.gov/WWW/K-12/ 
airplane/foilsime.html 

The site provides a simulation regarding the 
nature of flight 

Wells, R. (1997). What's faster than a speeding 
cheetah. Park Ridge, IL: Albert Whitman & 
Company. (APA) 

A children’s book to be used as part of an 
extension activity.  

www.thaitechnics.com/propeller/prop_intro.html Demonstrates the concept of propellers 
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Teacher Reflections 
 Were students focused and on task throughout the lesson?  Insert answer here. 

 If not, what improvements could be made the next time this lesson is used? Insert answer 
here. 

 Were the students led too much in the lesson or did they need more guidance? Insert 
answer here. 

 Did the students learn what they were supposed to learn? Insert answer here. 

 How do you know? Insert answer here. 

 How did students demonstrate that they were actively learning? Insert answer here. 

 Did you find it necessary to make any adjustments during the lesson?  Insert answer here. 

 What were they? Insert answer here. 

 Did the materials that the students were using affect classroom behavior or management? 
Insert answer here. 

 What were some of the problems students encountered when using the …?  Insert answer 
here. 

 Are there better items that can be used next time?  Insert answer here. 

 Which ones worked particularly well? Insert answer here. 

Additional Comments 
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Appendix  A: Pre-Test / Post-Test 

 
Evolution of Flight: Propeller to Scramjet 

Pre-Test/Post-Test 

 

Name:______________________________________ Date:______________________ 

 

1) Consider an object that is moving.  Which of the following terms is most closely related to 
the “motion” of the object?  

   A) Acceleration  

   B) Force 

   C) Position 

   D) Velocity 

 

2)  The average speed of a motorcycle that travels a distance of 120 kilometers in a time of 3 
hours is  

  A) 10 km/hr.  

  B) 40 km/hr.  

  C) 120 km/hr. 

  D) 360 km/hr.  

  

3)  What is the acceleration of a car that maintains a constant velocity of 100 km/hr for 10 
seconds?  

  A) 1000 km/hr per second 

  B) 100 km/hr per second 

  C) 10 km/hr per second 

  D) 0 km/hr per second  
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3 

4 

4)  A car driving down the road runs into a mosquito.  Compared to the force exerted by the car 
on the mosquito, the force exerted by the mosquito on the car is    

  A) less than the force exerted by the car on the mosquito.  

  B) the same as the force exerted by the car on the mosquito.   

  C) greater than the force exerted by the car on the mosquito. 

  D) unable to be determined from the information provided. 

 

Use the information and illustration to answer question 5. 

 

A sled rider begins his ride from rest (point 1) on top of a hill.  He moves straight down the hill 
until he reaches the bottom of the hill (point 4) and the hill levels off.  The sled rider continues 
to move horizontally across the level ground and eventually comes to a stop (point 5). 

 

1  

   2 

              10m 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _       

                   Level Ground 

5) Using the same sled, the sled rider decides to take another ride down the hill to see if he can 

increase his speed.  Describe one thing the sled rider could do to increase his speed at the 

bottom of the slope.  Explain why this would cause his speed to increase. 

5 



   

 
October 12, 2011 

25 

Appendix B:  Pre-Test / Post-Test Rubric 
Evolution of Flight: Propeller to Scramjet 

Pre-Test/Post-Test Answer Key/Rubric 

1) Consider an object that is moving.  Which of the following terms is most closely related to 
the “motion” of the object?  

   A) Acceleration 

   B) Force 

   C) Position 

   D) Velocity 

 

2)  The average speed of a motorcycle that travels a distance of 120 kilometers in a time of 3 
hours is  

  A) 10 km/hr.  

  B) 40 km/hr.  

  C) 120 km/hr. 

  D) 360 km/hr.  

  

3)  What is the acceleration of a car that maintains a constant velocity of 100 km/hr for 10 
seconds?  

  A) 1000 km/hr per second 

  B) 100 km/hr per second 

  C) 10 km/hr per second 

  D) 0 km/hr per second  

 

4)  A car driving down the road runs into a mosquito.  Compared to the force exerted by the car 
on the mosquito, the force exerted by the mosquito on the car is    

  A) less than the force exerted by the car on the mosquito.  

  B) the same as the force exerted by the car on the mosquito.   

  C) greater than the force exerted by the car on the mosquito. 
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3 

4 

  D) unable to be determined from the information provided. 

 

Use the information and illustration to answer question 5. 

 

A sled rider begins his ride from rest (point 1) on top of a hill.  He moves straight down the hill 
until he reaches the bottom of the hill (point 4) and the hill levels off.  The sled rider continues 
to move horizontally across the level ground and eventually comes to a stop (point 5). 

 

1  

   2 

              10m 

      

                    Level Ground 

5) Using the same sled, the sled rider decides to take another ride down the hill to see if he can 
increase his speed.  Describe one thing the sled rider could do to increase his speed at the 
bottom of the slope.  Explain why this would cause his speed to increase. 

Answers will vary; however the chart below provides a guideline for scoring and possible 
responses. 

Description Explanation 

Crouch lower in the sled. This would result in reducing wind friction 
against him (making him more aerodynamic) 
and thereby, for example, resulting in a larger 
net force to accelerate him** 

Wax the bottom of the sled. This would result in reducing the friction 
between the sled and the snow and thereby, 
for example, resulting in a larger net force to 
accelerate him** 

Push off the snow (push backward against the 
snow). 

This would result in a larger initial velocity 
allowing him to start off at a higher speed at 
the top of the hill and finish with a higher 
speed at the bottom of the hill. 

5 
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Other acceptable responses.  

**Note: Responses which focus on explaining 
“this reduces friction” may also, but are not 
required to additionally focus on explaining 
that “this results in a larger net force or 
acceleration.” 

 

 

Extended Response Rubric 

Points Description 

2 points The student response demonstrates a 
complete understanding of the task by 
describing one thing the sled rider could do to 
increase his speed on the slope and explains 
why this would increase his speed. 

1 point The student response demonstrates a partial 
understanding of the task by describing one 
thing the sled rider could do to increase his 
speed on the slope.  

OR 

The response explains that this action reduces 
friction but does not describe the action that 
increases speed. 

OR  

The student explains that the sled rider needs 
to increase the net force or acceleration by 
reducing friction during the ride but fails to 
indicate how. 

0 points The student response demonstrates no 
understanding of the task. The response may 
provide incorrect information or be irrelevant to 
the task. 

http://www.ode.state.oh.us/GD/Templates/Pages/ODE/ODEDetail.aspx?page=3&TopicRelation

ID=1070&ContentID=7835&Content=87538ttp://www.ode.state.oh.us/GD/Templates/Pages/OD

E/ODEDetail.aspx?page=3&TopicRelationID=1070
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Appendix C:  Space Derby Kit Construction for Demonstration 

To create the propeller demonstration model, 

follow the directions in the Space Derby Kit. In 

addition to the given directions you will need to 

modify the hanger to fit our activity. Refer to the 

pictures.  

 

1. Fold a 3x5 index card in half. 
2. Cut out the corner of the index card to fit 

the length of the plastic hanger included in 
the kit. 

3. Tape the index card to the plastic hanger. 

 

Place two binder clips on top of the index card hanger at either end. 
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Appendix D:  Engineering Logbook Assessment Rubric: Evolution of Aircraft: 

Propellers to Scramjets 

Name:_____________________________ 

 

Category 3 2 1 

Engineering 
Design 
Process: 
Individual 
Vehicle; Model 
Data Collection 
& Analysis 

Brainstormed 2-4 
ideas, sketched design, 
built one individual 
model, predicted what 
will happen with each 
of the team member 
models, collected and 
recorded data, listed 
pros and cons of each 
model. 

Missing either prediction, 
data collection or list of 
pros and cons of each 
model. 

Missing multiple 
parts: prediction, 
data collection or 
list of pros and cons 
of each model. 

Engineering 
Design 
Process: Team 
Vehicle Model; 
Model Data 
Collection & 
Analysis  

Individuals in each 
team recorded Team’s 
2-4 brainstormed ideas, 
sketched design, built 
one team model, 
collected and recorded 
data in Engineering 
Logbook and on Air 
Vehicle Data Chart.  

Missing one of the 
following: 2-4 
brainstormed ideas, 
sketched design, built one 
team model, collected 
and recorded data in 
Engineering Logbook and 
on Air Vehicle Data Chart. 

Missing multiple 
parts: 2-4 
brainstormed ideas, 
sketched design, 
built one team 
model, collected 
and recorded data 
in Engineering 
Logbook and on Air 
Vehicle Data Chart. 

Modifications Using the class data, 
teams work through the 
engineering design 
process two additional 
times.  

Using the class data, 
teams work through the 
engineering design 
process one additional 
time. 

Students do not 
make modifications 
and work through 
the engineering 
design process.  

Contributions 
and team work 

Student or team is 
observed being on-task 
and working with their 
team 5 out of 5 days. 

 

The discussion is about 
the project; all 
members are recording 
the data in Engineering 

Student or team is 
observed being on-task 
and working with their 
team 3 or 4 out of 5 days.  

 

The discussion is about 
the project; all members 
are recording the data in 
Engineering Logbook. All 

Student or team is 
observed being on-
task and working 
with their team 1 or 
2 out of 5 days.  

 

The discussion is 
about the project 
and the students 
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Logbook. All members 
participate in the 
design and 
construction of the 
model.  

members participate in 
the design and 
construction of the model. 

 

At this level the teacher 
may observe a few minor 
instances where the 
students are off task but 
quickly gets back on task.  

are recording their 
data 2 out of 4 
times the teacher 
observes the team. 
Not all members 
participate in the 
design and 
construction of the 
model.  

 

 

Engineering 
Design 
Process 

Student completes all 5 
steps in the 
engineering design 
process. 

Student completes 3 or 4 
steps in the engineering 
design process. 

Student completes 
1 or 2 steps in the 
engineering design 
process.  
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Appendix E:  Engine Schematics  
 

 

 
Figure 1: Reciprocating Engine Cylinder Cutaway + Propeller 

 
 
 

 
Figure 2: Gas Turbine Jet Engine 
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Figure 3: Turbofan engine 
 
 
 

 
Figure 4: Ramjet engine 
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Figure 5: Scramjet engine 
 
 

 
 

Figure 6: Aircraft Engine Flight Performance Regimes 
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Figure 7: Engine Performance Envelope 
 

Figure 7 shows the typical ranges of Mach number for the different types of engines shown.  
Specific impulse shown on the Y-axis is a way to describe the efficiency of jet engines. It 
represents the impulse (change in momentum) per unit amount of propellant used.  The higher 
the specific impulse, the less propellant is needed to gain a given amount of momentum.  
Specific impulse is a useful value to compare engines, much like miles per gallon is used for 
cars.  A propulsion method with a higher specific impulse is more fuel-efficient. 
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Appendix F:  Air Vehicle Data Chart 

 

Propeller Vehicle Data 

Sketch of Propeller Vehicle (demonstration)  Distance Traveled Time Velocity 

 T1    

T2    

T3    

Average Velocity  
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Class Data: 

Team # and Design Sketch of Vehicle  
Average 

Velocity 
Team # and Design Sketch of Vehicle  

Average 

Velocity 
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Team # and Design Sketch of Vehicle  
Average 

Velocity 
Team # and Design Sketch of Vehicle  

Average 

Velocity 
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Appendix G 

Engineering Logbook 
Evolution of Aircraft: Propellers to Scramjets 

Name 
Date 
 
 
 

 

 

 

 

 

  



 

2 
 

PRE ACTIVITY DISCUSSION PAGE 

How do propellers change air? 

Think Pair Share 

   

 

Does a vehicle need a propeller to move air? 

Think Pair Share 

   

 

How could the materials be rearranged to create something that would fly without a 
propeller? 

Think Pair Share 

   

 



 

3 
 

Note below how flight is connected to Newton’s Three Laws of Motion:
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AIR VEHICLE DATA CHART  

Sketch of Propeller Vehicle (demonstration)  Distance Traveled Time Velocity 

 T1    

T2    

T3    

Average Velocity  

 

Sketch of Personal Design #1 – Day 3  Distance Traveled Time Velocity 

 T1    

T2    

T3    

Design Changes: Average Velocity  

 



 

5 
 

 

Sketch of Team Re-Design #1 – Day 4  Distance Traveled Time Velocity 

 T1    

T2    

T3    

Design Changes: Average Velocity  

 

 

Sketch of Team Re-Design #2 – Day 4  Distance Traveled Time Velocity 

 T1    

T2    

T3    

Design Changes: Average Velocity  



 

6 

 

Engineering Design Challenge 

Design a fast moving aircraft using only the supplies provided in your vehicle kit. 
Redesign your aircraft based on quantitative and qualitative data in order to have 
the fastest aircraft in the class. 



 

7 
 

 

Engineering Design Process: General Engineering Methodology 

 

 

 



 

8 
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DAY 2 

Tasks Reflections 

 
Identify the problem: 
 
 
 
 
 
 
 
 
Describe what others have done: 
 
 
 
 
 
 
 
 
Identify/Describe constraints of problem: 
 
 
 
 
 
 
 
 
Define the goal:  

 
Brainstorm design ideas that can be built 
with your air craft kit: 
 
 
 
 
 
 

 
Strategy Rationale 

  

 
Sketch: 

 

TEACHER SIGNATURE 
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DAY 3 

Tasks Reflections 

Predict what will happen to each aircraft 
in your team, including your own. 

 
Prediction Support 

  

 
 Collect data for each aircraft 

Aircraft Sketch Speed 

  

 

Reflect on the pros and cons of each 
design in your team, including your own. 
 

 
Pros Cons 

  

 
Sketch new design, taking pros and cons 
from above into consideration: 

 
TEACHER SIGNATURE 



 

11 
 

DAY 4 

Tasks Reflections 

Predict what will happen to your new 
team-designed model 

 
Prediction Support 

  

 
 Collect data for your team-designed 
aircraft 

 
Aircraft Sketch Speed 

  

 

Reflect on the pros and cons of the team- 
designed model 

 
Pros Cons 

  

 
Sketch new design, taking pros and cons 
from above into consideration: 
 

TEACHER SIGNATURE 



 

12 
 

 
DAY 4 (IF TIME ALLOTS) 

Tasks Reflections 

Predict what will happen to your new 
team-designed model 

 
Prediction Support 

  

Collect data for your team designed 
aircraft 

 
Aircraft Sketch Speed 

  

 

Reflect on the pros and cons of each 
design 

 
Pros Cons 

  

Sketch new design, taking pros and cons 
from above into consideration: 
 

TEACHER SIGNATURE 
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Tasks Reflections 
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DAY 5  

How long would it take for each of your planes, a ramjet, and a scramjet to travel 

the following distances:  

1. 34 meters – the length of the Wright Brother’s first powered flight 

2. From your school to The National Museum of the United States Air Force in 

Dayton, Ohio.  

3. From New York City, New York to Beijing, China 
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