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Newton’s Water Rocket Challenge
I. Overview:
Since the dawn of time, humans have been fascinated by the cosmos. There has been solid propellant rockets built in China as early as 1100 AD, but it wasn’t until 1926 that Robert Goddard launched the first liquid propelled rocket.  Due to the secrecy of Goddard’s work, the 1926 rocket did not have much influence on the later developments.  Rockets are a very good example of Newton’s Laws of Motion applied to the real world.  Now that you all know the basics, let’s see if you can expand on that and become mini-experts.  We will use a model to capture as many of the elements of an actual rocket as we can, given present limitations.
II. Objectives:
Objective 1: Student engineers will work in a group of 3 to design and build a killer water rocket that reaches the highest apogee.  This rocket will be launched outside of Fairchild Wheeler campus using compressed air and a launch pad. 

Objective 2: Groups will devise a way to make the rocket remain in the air the longest.  The highest apogee isn’t always the one that meets objective 2…

III. Content Covered: Newton’s Three Laws and Freefall

IV. Rules:

1. The rocket must be made out of a 2-liter soda bottle, completely sealed, except at the tail which ejects the reaction mass (water).  It must use water as its reaction mass and be propelled by compressed air provided by a foot pump.  
2. The rocket must have one airframe that holds the reaction mass (booster section) and the other airframe must contain the payload that can be ejected at peak height (apogee) to make the rocket say in the air for the longest period of time (payload section).
3. The rocket MUST fit on the launch tube

4. The rocket must not be propelled by anything other than the reaction mass (water) and the launch pad built by Mr. F

5. THE BIG ONE… The rocket must remain in the air for more than 4 seconds!

V. Prizes:


Extra credit will be given to one group in each of the following categories (5 points each!!!)
1. Most Innovative Engineering     2. Longest Flight time      3. Highest apogee
4. Most artistic
VI. Products:

Your group will create the following products for the Newton’s Rocket Challenge: (see RUBRIC for complete info)

1. A comprehensive research log inclusive of APA citations from each student for each question.  One sentence answers will not be enough to receive and acceptable score.  You can’t become mini-experts by only learning one sentence’s worth of information on a particular topic…
2. A functional 2-Liter Bottle Water Rocket inclusive of a payload section and a booster section
3. A detailed design Sketch of Your Rocket side-by-side with a real NASA rocket (all components and dimensions of both rockets labeled)

Terms: 
Nose

Airframe
Payload section 
Booster section



Bulkhead
Fin(s)

Reaction mass
Any additional payload

4. Your presentation should contain each of the following:  a PowerPoint is acceptable but is there any other medium that will spruce things up?  Prezi… for example.  Each student MUST have an equal number of slides/points to discuss.  Example: if a group has 12 slides, then each student must have 3-4 slides each for the group to receive full credit for the presentation.  Have the following:
A. At least one picture and one video of your rocket

B. Labeled Components of Your Rocket and detailed descriptions of their function

C. Labeled components of an actual NASA Rocket and detailed descriptions of their function

D. Detailed Explanation (words/pictures) of how your rocket portrays Newton’s Law of Inertia

E. Detailed Explanation (words/pictures) of how your rocket displays Newton’s 3rd Law of Motion

F. Detailed Explanation (words/pictures) of how your rocket displays Newton’s 2nd Law of Motion

G. Calculation of the height your rocket traveled to using a clinometer method
H. Calculation of the initial velocity in the vertical direction that your rocket displayed from the launch pad.  What was the average speed from t = 0s to the apogee.
I. Detailed free-body diagram of the forces acting on your rocket, including a discussion of its velocity and acceleration: (1) right after thrust is applied, (2) half-way to the apogee, (3) at the apogee, (4) at the half-way point back to the ground, and (5) the second before it touches down on the ground.

5. Group Work Survey

VII. Schedule:

You will have time to work on this project in class:

Tuesday, 1 November – Pre-project research log questions

Wednesday, 2 November – thorough design, measurements, and sketches of the rocket as well as a NASA model

Thursday, 3 November – Finish planning/Build day 1 of 3

*Friday, 4 November – no work, EXAM THREE
Monday, 7 November - Build day 2 of 3

Tuesday, 8 November – Election Day, no school 
Wednesday, 9 November – Re-build day 3 of 3
Thursday, 10 November – Prototype test
Friday, 11 November – Test day and data gathering

Monday, 14 November – Group presentation preparation

Tuesday, 15 November – Group presentations begin
VIII. Pre-Project Questions for Group Research Log – each student must provide at least one APA citation and background research for every question.  One sentence answers will simply not do here.
1. Describe how Newton’s three laws are exemplified in a rocket’s launch and trajectory.

2. Of the 6 varieties of fin shape on a rocket, choose 3 and describe how well they are known to function and why.  NOTE: your rocket will use one of these three…
3. What is the most advantageous nose shape to use?  Explain why this is using diagrams as well as words to adequately discuss this.  
4. Explain what thrust is and how it works in the flight of a rocket.  How is the rocket’s center of gravity important when looking at the thrust and direction of a rocket?

5. What factors, or design elements are important for the stability of the rocket during its flight?  Discuss what a well-designed rocket for this question, but also address what would happen to rocket flight without these, or better yet, with inadequate design elements.
6. Although we aren’t using a combustible fuel, discuss what burn time is and how we plan to model this in our challenge.

7. What is a boat tail, and why would you put it on a rocket?

8. Discuss at least 3 physics concepts that you need to consider in your design and why?
9. How can we measure your rocket’s apogee?  HINT: Look up what a clinometer is and learn how to make one.
10. Discuss the two methods that you could use to keep your rocket in the air for the longest amount of time and safely land back on the ground in our launch field.

11. In a rocket, discuss what the payload section and booster section is.  What is the importance of each to a mission into space?

	THE NEWTON’S WATER ROCKET CHALLENGE: GRADING CRITERIA & RUBRIC

	Description
	Points 
	Section Total

	Rocket Performance (25 points)
	
	

	Full Rocket is Designed and Built
	
	15

	Rocket Flight time is at least 4 seconds
	
	10

	Sketches (20 points)
	
	

	Sketch of real NASA Rocket
	
	5

	NASA Rocket Sketch has labeled components and the dimensions of those components
	
	5

	Sketch of 2-liter bottle Rocket Design
	
	5

	2-liter bottle rocket sketch is labeled to show all materials used and dimensions of those materials
	
	5

	Research Log (15 points)
	
	

	Log is comprehensive and each student has provided at least one quality, APA referenced citation for each question found in section VIII.
	
	15

	Presentation (55 points): Chosen format - _________________________________
	
	

	Pictures / Video of Rocket present
	
	5

	Labeled Components of Rocket & Their Function
	
	5

	Labeled Components of NASA Rocket & Their Function
	
	5

	Detailed Explanation (words/pictures) of how rocket portrays Newton’s Law of Inertia
	
	5

	Detailed Explanation (words/pictures) of how rocket portrays Newton’s 3rd Law of Motion
	
	5

	Detailed Explanation (words/pictures) of how rocket portrays Newton’s 2nd Law of Motion
	
	5

	Calculation of Rocket’s peak height calculation
	
	5

	Free body diagram for each of the 5 points of flight noted above.  Notes the velocity and acceleration changes in each of these points.
	
	5

	Verbal presentation is clearly spoken at an audible level of volume, looking & scanning the audience and not PowerPoint other than for prompting.  Each student is rehearsed and well-prepared.
	
	15

	Extra Credit (20 points possible)
	
	

	Group Subtotal
	
	115


	Individual Contributions (15 points)
	
	Points Possible

	Group Work Survey 
	
	5

	Individual Fair Contribution
	
	10

	Individual Subtotal
	
	15

	TOTAL PROJECT GRADE
	
	130


Rockets must be complete and functional by the start of class and prepared for the Rocket Flight Competition, Thursday, 10 November.  The completed project is due on Monday, 14 November 2016 when presentations will begin.











