
Week 6 
Ramjets / Scramjets 

Bottle Rocket Experiment 

ARO 103L 
Introduction of Aerospace Propulsion 

Try Lam 
trylam@cpp.edu 



Upcoming Schedule 

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



• Ramjets and and scramjets have no moving parts 
•  Inlet: 

•  Mounted on a high speed aircraft 
•  Large amounts of air are continuously brought into the engine’s inlet 
•  The air speed is slowed through the inlet 
•  Flow exiting the inlet of a ramjet is always subsonic 
•  The flow exiting a scramjet inlet is supersonic  

•  Combustor 
•  Consists of a fuel injector and a flame holder 
•  Small amount of fuel is combined with the air and ignited (f ~ 2/100 ) 
•  Burning occurs subsonically in the ramjet and supersonically in the 

scramjet.  
•  Nozzle 

•  Accelerates the flow 
•  Exit velocity is greater than the free stream velocity (thus, thrust) 

Ramjet/Scramjet 

Ramjet Scramjet 



Ramjet/Scramjet Thrust 

T = meυe − m0υ0 + pe − p0( )Ae



Turbojet 

Ramjet 

Scramjet 



Ramjet 



Scramjet 

Artist’s conception of the X-43A Hypersonic Experimental Vehicle, or "Hyper-X" in 
flight. The X-43A was developed to flight test a dual-mode ramjet/scramjet 
propulsion system at speeds from Mach 7 up to Mach 10 



What Type of Jet Engine Do You Choose to Fly at Various Speeds? 



T/W for Various Propulsion Systems 
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Scramjet 



November 3, 2008 

New SCRAM JET:  



X-51A 



http://www.darpa.mil/TTO/solicit/BAA08-53/VULCAN_Industry_Day_Presentations.pdf 



Hypersonic Engines Not Yet Ready for 
Operational Vehicles 

http://news.cnet.com/8301-10784_3-9975240-7.html 

Youtub movie of Falcon HTV-3X, Hyper Plane with 
Vulcan combined turbine and CVC engine: 



http://www.darpa.mil/TTO/solicit/BAA08-53/VULCAN_Industry_Day_Presentations.pdf 

Combined Cyle 



Turbo-ramjet 

LMA SR-71 Blackbird 



Next Flight Demonstrator for Hypersonic Engine Technology? 

http://www.darpa.mil/TTO/solicit/BAA08-53/VULCAN_Industry_Day_Presentations.pdf 



Hypersonic Pulse Detonation Engine (PDE) 
Mach 4+ in Development 

The Vulcan project intends to 
demonstrate a constant-volume 

combustion (CVC) engine 
concept for the first time. Vulcan 

gives proponents of pulsed or 
continuous detonation engines 
the first chance to demonstrate 

that the technology can replace a 
ramjet and bridge the propulsive 

gap to the high Mach 4-plus 
takeover speed of a supersonic 

combustion ramjet. The concept 
is to integrate a turbine engine 
for low supersonic Mach flight, 

into the VULCAN engine for 
hypersonic Mach flight with 
minimal modification to the 

turbine engine. 
The CVC is basically a constricted 

tube with few or no moving parts 
through which air is compressed 

at high speeds, with fuel 
combusted along the way. The 
exhaust comes out the nozzle 

faster than the air came in.   

PDE is a type of a Constant Volume Combustion (CVC) Engine 





PDE 



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




