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Water Rockets 
 
Time • Design/Building Session: 90 minutes 
• Launch/Prizes Session: 90 minutes 
 
Challenge  
Design and build a water rocket that will remain aloft for the longest time. Aloft time will be measured from 
rocket lift off to rocket landing, using a stopwatch. Times will be recorded to a hundredth of a second. 
 
Materials 
Each student will receive the following materials: 
• 1 one-liter or two-liter soda bottle* 
• 1 tennis ball 
• 1 file folder 
 
Tools 
Students will share the following tools: 
• scissors 
• rulers 
• felt-tip pen 
• fiberglass-reinforced strapping tape 
• rocket fin templates 
 
Other  • stopwatch 
• water rocket launcher 
• one-gallon or five-gallon water containers 
• water 
 
*NOTE: Students must bring their own bottles to the Design/Building session. Only empty carbonated 
beverage bottles may be used. Machine Science will supply all other materials and tools.
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Design/Building Session 
 
Preparation (5 minutes) 
Gather all tools and materials. Review activity 
materials, including the Rocket Science sheet and 
Construction Guide. Ensure that students will have 
adequate space to work on their rockets. 
 
Introduction (15 minutes) 
• Challenge. Describe the water rocket challenge 

to the students. Explain that they may construct 
their rockets individually or in pairs. All rockets 
must be completed by the end of the session.  

• Objectives. Encourage students to brainstorm 
about what they think might make a rocket stay 
aloft longer. Some helpful questions are: What 
will make your rocket fly higher? What will make 
it fly faster? What will make it fall slower? 

• Science. Give students an overview of the 
science of rocket flight. You may use the 
Rocket Science sheet as a guide. 

• Construction Preview: Hand out the 
Construction Guide and review each of the 
steps with the group. For each step, point out 
the materials and tools that will be used. 
Depending on how comfortable the students 
are with construction, you may want to 
demonstrate any particularly challenging steps. 

• Safety. Remind students to use caution when 
working with any tools.  

 
Construction (60 minutes) 
Have teams line up to collect their rocket supplies. 
Remind them that they have only until the end of 
the session to build their rockets. During the 
construction time, circulate among the teams to 
answer questions and remind students about safe 
handling of tools. 
 
Clean Up (10 minutes)  
Leave at least 10 minutes at the end of the session 
for students to clean up. Before students leave, 
make sure they return all tools and unused 
materials. Remind students of the upcoming 
Launch/Prizes session. 

Launch/Prizes Session 
 
Preparation (5 minutes) 
Select a safe site to position the launcher. You 
need a very large area, free of buildings, roads, 
trees, and other obstacles. The ideal site will have 
a water supply, such as a drinking fountain or 
garden hose. If water is not available, you must 
bring water to the site. Each launch requires about 
one liter of water. So for 10 to 12 rockets, a round 
of launches will require three gallons of water—
double or triple that amount for multiple launches. 
 
Rules Review (5 minutes) 
Remind students of the following contest rules: 
• Each rocket will have at least one launch, 

possibly more, if time allows. 
• The duration of each flight will be recorded. 
• The average duration of all flights will be used 

to determine each rocket’s ranking. 
 
Safety Review (5 minutes)  
Explain the following safety rules to students: 
• Competitors must not approach within 20 feet of 

the launcher, except when preparing to launch.  
• Rocket pressure must never exceed 70 psi. 
• All launches must be preceded by a loud 

countdown: five! four! three! two! one! 
• Competitors must remain attentive to rocket 

launches and descents at all times. 
 
Launches (60 minutes)  
Gather students together in a small area upwind of 
the launch site. Ask an assistant or a student to be 
the official timekeeper and contest recorder. 
Launch rockets one by one, ensuring safe 
launching procedures. One team member may 
approach the launcher and pump up the rocket. 
Monitor students to ensure that the pressure limits 
are not exceeded. Make sure timekeeper is 
prepared before the start of each launch.  
 
Results Tabulation (10 minutes)  
If each rocket has multiple launches, calculate the 
average time aloft for all flights. Rank order the 
rockets. Additional prizes may be awarded for 
unusual designs, or creative ornamentation. 

Prizes (10 minutes)  
Award prizes to the top flyers. Remind students of 
any upcoming engineering contests. 
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Overview     

A water rocket is a bottle filled with water and 
compressed air. At launch, the air and water are 
released in such a way that the air pushes the 
bottle up and the water down. 

This happens very quickly! As an example, a two-
liter bottle filled with 1/3 water and 2/3 air 
compressed to 70 lbs per square inch, releases all 
of its water and reaches a speed of almost 170 
mph in about a half a second. 
 
Questions 

 
1. What are the forces acting on a rocket?  

The three forces acting on the rocket are thrust, 
weight, and drag. 

• Thrust is created by the pressurized air pushing 
the water out of the bottle’s nozzle. This thrust 
exists for only about the first half second of the 
rocket’s flight. 

• Weight is due to the gravitational attraction 
between the earth and the rocket. The larger 
the mass of the rocket, the greater the force of 
attraction. A water rocket’s weight decreases 
quickly in flight as it loses water. 

• Drag is due to the rocket colliding with millions 
of air particles in flight. Drag increases 
exponentially with the speed of the rocket. It is 
also affected by the rocket’s shape and 
trajectory. The drag on a rocket sitting on the 
launch pad is essentially zero.  

 
2. In what direction do these forces act?  

Weight always acts toward the ground; drag acts in 
the direction opposite the rocket’s motion; thrust 
pushes the rocket away from the direction that 
water is being expelled from the bottle. 
 
3. What is the net force acting on the rocket? 
You can determine the net force at any point in a 
rocket’s flight by adding together the forces of 
weight, drag, and thrust. The following table shows 
the forces at three stages of a hypothetical rocket’s 
flight, as shown in Figure 1. 

 
Stage Thrust Weight Drag Total Speed 

A 0.2 s +9.0 lb -1.2 lb -0.1 lb +7.8 lb +32 mph 

B 0.7 s +0.0 lb -0.2 lb -0.5 lb -0.7 lb +95 mph 

C 2.7 s +0.0 lb -0.2 lb -0.0 lb -0.2 lb -17 mph 

 

 
Figure 1. Three stages of flight. 

 
4. What produces the thrust?  

The thrust in a water rocket can be explained by 
Newton's third law of motion, which is often stated 
as "for every action, there is an equal and opposite 
reaction." As water is forced from the rocket’s 
nozzle by air pressure, the rocket is in turn “thrown” 
in the other direction.  

The amount of thrust can be calculated using 
Newton’s third law, force equals mass times 
acceleration, or F = ma. In other words, the force of 
thrust is equal to the mass of the water, multiplied 
by the rate at which it accelerates through the 
rocket’s nozzle.  

 
5. What determines how high the rocket goes? 

All rockets experience roughly the same initial 
acceleration, but a soda bottle with no fins and no 
ballast may reach a height of only 60 to 80 feet, 
while a rocket with fins and ballast will reach over 
300 feet. Fins and ballast stabilize the rocket, 
greatly reducing drag during the flight.  
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Step 1: Select a Rocket Body 
Choose either a one-liter or a two-liter soda bottle 
for your rocket body. One-liter bottles have a 
smaller diameter and therefore less drag; two-liter 
bottles hold more water and produce more thrust. 

 
Figure 1. Soda bottle. 

 
Step 2: Select a Fin Shape 
Choose one of the fin templates provided or make 
your own fin template. Rectangular fins are more 
effective stabilizers; triangular fins may be more 
rigid. Fins with a larger surface area will improve 
the stability of your rocket, but fins that are too 
large may be less rigid and increase drag. 
 

 
Figure 2. Fin templates. 

 
Step 3: Construct Fins 
Using the template as a guide, cut three to five 
identical fins from a file folder. Fold the fins in half, 
and then bend out the tabs.  
 

 
Figure 3. Folding a fin. 

 
Step 4: Attach Fins to Rocket 
Tape the tabs of each fin to the body of the rocket, 
spacing the fins evenly around the rocket body. 
Fins placed farther toward the bottom of the rocket 
will improve the stability of your rocket. However, it 
may be challenging to attach fins near or below the 
soda bottle nozzle. 

 
Figure 4. Attaching the fins. 

 
Step 5: Add Ballast to Rocket 
Attach a tennis ball to your rocket, using strapping 
tape. Be sure to center the tennis ball on the nose 
of your rocket to increase stability. 

 
Figure 5. Adding ballast to the rocket. 

 
 
Step 6: Reducing Drag (Optional) 
Use any remaining material from the file folders and 
your intuition about air flow to reduce the drag on 
your rocket body as it flows through the air. 
 
Step 7: Adding a Parachute (Optional) 
Use a plastic bag, string, and additional tape to add 
a parachute to your rocket. You will need to design 
a way for the parachute to deploy as the rocket 
begins its descent. (We will go over strategies for 
storing and deploying parachutes in class.) 

 



STUDENT WORKSHEET

Rocket Questions

Label the forces acting on a rocket as it accelerates upward. Note that there are two forces in the 
downward direction.

A.    ___________________

B 1. ___________________

B 2. ___________________

Using the formula force equals mass times acceleration (F = ma) determine the force of a rocket with 
a mass of .5 kilograms and an acceleration of 25 meters per second squared.
Force = ___________________________

Rocket Dimensions

Complete the following details about your final design.

Weight of rocket (empty): _______ grams

Volume of rocket body:   one-liter two-liter

Shape of rocket fin:  rectangular triangular

Rocket Performance

Record the performance of your rocket.

Launch one _______ seconds

Launch two _______ seconds

Launch three _______ seconds
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