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Upcoming Schedule 

• Quiz #2:      11/20 
• Bottle Rocket Launch:   12/04 
• Bottle Rocket Report Due:  12/11 
• Final Exam:    12/11 



Main Chemical Rocket Types 

•  Solid Rocket Motors 
•  Liquid Rocket Engine 

–  Monoprop 
–  Bi-prop 

Space Shuttle Main Engine (375,000 lbf thrust) 

Space Shuttle SRB (2,800,000 lbf thrust) 



Rocket Thrust 
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Rocket Types 

•  Chemical 
–  Cold Gas 

•  Compressed Gas (e.g., nitrogen) 
•  Vaporizing Liquid (e.g., propane) 

–  Hot Gas 

•  Solid Rocket  
•  Monopropellant (e.g., hydrazine) 
•  Bi-propellant (e.g., MMH/N20) 
•  Hybrids (e.g. solid fuel & liquid oxidizer) 



Solid Rocket Motors 

•  Rocket that uses solid 
propellants (fuel/oxidizer mixed 
grain) 

•  Used often for missiles and 
model rockets 

•  Benefits 
–  Can be stored for long period of time 
–  Can be quickly made ready for launch 

•  Cons: 
–  Lower performance (lower Isp) 
–  Cannot be stopped (but can be steerable 

and vented)  



Solid Rocket Grain 



Liquid Rocket Engine 

•  Rocket that uses liquid propellants 
•  Two basic types 

–  Monopropellant rocket 
–  Bipropellant rocket  

•  Benefits 
–  Better performance that solid rockets 
–  Can shut off and on 

•  Cons: 
–  Must be fueled before launch 
–  More complex (values, pressure-feed 

system, etc.) 

Vulcain 2 



Monopropellant Rocket 

•  A liquid propellant, commonly, liquid hydrogen 
peroxide, is fed in high pressure to a chamber 

•  Hydrogen peroxide decompose to water (steam) 
and oxygen. Heat is released during the process. 

•  The hot high pressure gas is released through the 
rocket nozzle. 

•  Lower specific impulse than bi-propellant engines 



Bi-propellant Rocket 
•  Uses 2 separate propellants, a liquid fuel and a 

liquid oxidizer in separate tanks 
•  Mixed upon injection into the combustion chamber 
•  The hot high pressure gas is released through the 

rocket nozzle. 
•  Requires a pressure-

feed system or pumps 
and turbines 

•  Combustion chamber 
walls and nozzle walls 
must be cooled or 
protected from high gas 
temperature. 



Bi-propellant Rocket 

Regulated Pressure Feed System RSC Engines 



Bi-propellant Rocket 
Saturn V J-2 Engines 



Bi-propellant Rocket 
Saturn V J-2 Engines 



Bi-propellant Rocket 
Saturn V J-2 Engines 



Bi-propellant Rocket 
Space Shuttle Main Engines (RS-25) 

Thrust:  512,300 lbf (2279 kN) each 
T/W:  1.5 (take-off) – 3 (at peak) 
Isp:  452 sec (vacuum) 
Prop:  LOX/LH2 



Bi-propellant Rocket 
Space Shuttle Main Engines 

External Tanks 

•  The External Tank is a giant 
cylinder container (length of 
154 feet and a diameter 
of 27.5 feet) 

•  Weighing in at approximately 
59,400 pounds while empty 
and 1,658,900 pounds full of 
fuel and oxidizer 

•  During launch, it also acts as 
a backbone for the Orbiter 
and Solid Rocket Boosters  

•  The External Tank holds the 
liquid hydrogen fuel and 
liquid oxygen oxidizer for the 
Shuttle’s three Main 
Engines.  

•  During launch the tank feeds the fuel, under 
pressure, through 17-inch ducts  

•  ~62,300 gallons of fuel are consumed by the 
engines each minute.  

•  External Tank is the only part of the launch 
vehicle that is not reused.  

•  After its 526,000 gallons of propellants are 
consumed, it is jettisoned from the Orbiter 
and breaks up in the upper atmosphere. 



Bi-propellant Rocket 
Space Shuttle Main Engines 



Bi-propellant Rocket 
Space Shuttle Main Engines 



SpaceX Merlin 1D 
Rocket:  Falcon / Falcon Heavy 
Thrust:  716 kN (vacuum) 
T/W:  150 
Isp:  311 sec (vacuum) 
Prop:  LOX/RP-1 



Thrust to Weight Ratio 



Continue Next Week . . . 



Bottle Rocket Experiment 



Bottle Rocket Experiment 
•  Groups of 5-6 
•  Each person will build their own bottle rocket  

–  But coordinate the design and building of them as a team 
•  Each team will build a launch stand 

–  Please test it before the actual launch day 
•  We will test them on 4th of December 

–  Location: Activity field (in front of the gym) away from the archery class 
•  Look up various designs on the internet, but yours must consist of 

–  A single 2 Liter Bottle with 7/8 inch internal diameter nozzle 
–  Parachute and Fins 

•  Things to consider: How does the parachute deploy? How is the 
bottle rocket launched? 

•  A good resource is: http://www.aircommandrockets.com 



Bottle Rocket Experiment 
Objective: Determine the optimal % of water for the highest flight 
Team Report: 

•  Title Page 
•  Executive Summary 
•  Table of Contents 
•  Objective 
•  Description of Rocket and Launch System 

–  How it works, pictures, and drawings or annotated photos of your rockets design features. 

•  Procedure 
–  Discuss how the rocket was mounted into the launch stand, how you inflated the bottle,  

what inflation pressure was used, how the rocket was launched, how it was timed, etc. etc. 
Also include discussion of any problems you encountered, and any work-a rounds. 

•  Raw Data  
•  Analysis with Plots 

–  Plots of it (i.e., % water vs. time to max). Computation of height from your recording times. 

•  Conclusion and Recommendations 



Bottle Rocket Experiment 



http://www.aircommandrockets.com/rocket_launcher.htm 

Bottle Rocket Experiment 







Rocket Trajectory 

•  Assuming vertical launch 

– Time to Max Height 

– Maximum Height 

tmaxheight =
v
g

hmax =
v2

2g


