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Upcoming Schedule 

• Quiz #3 (take home):   28-NOV 
• Bottle Rocket Test:    05-DEC 
• Bottle Rocket Report Due:   12-DEC 
• Final Exam:     12-DEC 



Propellants Type Issue Thrust 
Level 

Application Isp (sec) 

Kerosine - Lox Bi-prop 
Liquid 
RT0-Cryo 

Large Launch 
vehicles 

240 

LH2 - LOX Bi-prop 
Liquid cryo-
cryo 

Large LH2 tanks, 
extreme low 
temps 

Large Launch 
vehicles 

360-455 

LH2 - Fluoride Bi-prop 
Liquid 
cryo 

Toxic & corrosive Large Launch 
vehicles 

390 

Alum powder-
ammonium 
perchlorate 

Solid Cannot throttle 
or shut-off 

Large Launch 
vehicles 

200-300 

MMH – N2O4 Hypergolic Storage safety small OMS & RCS 260-313 

Hydrazine 
(N2H4) 

Liquid mono-
prop 

small RCS Attitude 
control 

Lower 
than bi-
prop 

Electric - Ion Xenon, inert 
gas 

Long travel time < 1 lb  Payload orbit 
change 

5,000  
-50,000 

Rocket Fuel 



Energy Equation & Isentropic 
Flow 



Thrust Equation 

T = mVe + pe − p∞( )Ae



Exit Velocity 



Specific Impulse (Isp) 



Specific Impulse (Isp) 



Mass Flow Rate 
At throat where M* = 1 



Rocket Equation 
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Rocket Thrust 

T = mVe + pe − p∞( )Ae



Electric Propulsion 

6 kW Hall Thrusters 

2.3 kW NSTAR ion thruster for DS1 

Dawn Spacecraft with Ion Engines 

JIMO Concept 



Electric Propulsion 
Electrostatic Ion Thrusters 
•  (Gridded) Ion Engine  
•  Hall (Effect) Thrusters 

Ion Engine (Gridded) 
•  Propellant (usually xenon) is injected from the downstream end of 

the thruster. 
•  Electrons flow out of the discharge cathode and are attracted to the 

discharge chamber walls, (which are charged to a high positive 
potential) 

•  The electrons from the discharge cathode ionize the propellant by 
means of electron bombardment.  

•  High-strength magnets are placed along the discharge chamber 
walls so that as electrons approach the walls, they are redirected into 
the discharge chamber by the magnetic fields.  

•  By maximizing the length of time that electrons and propellant atoms 
remain in the discharge chamber, the chance of ionization is 
maximized 



Ion Engines 
Ion Engine (Gridded) 
•  Ions are accelerated by electrostatic forces.  
•  The electric fields used for acceleration are generated by electrodes 

positioned at the downstream end of the thruster.  
•  Upstream electrode (called the screen grid) is charged highly 

positive, and the downstream electrode (called the accelerator grid) 
is charged highly negative.  

•  Since the ions are generated in a region of high positive and the 
accelerator grid's potential is negative, the ions are attracted toward 
the accelerator grid and are focused out of the discharge chamber 
through the apertures, creating thousands of ion jets.  

•  The stream of all the ion jets together is called the ion beam.  
•  Ion thruster's top speed is limited by the voltage that is applied. 
•  An equal amount of negative charge must be expelled to keep the 

total charge of the exhaust beam neutral. A second hollow cathode 
called the neutralizer is located on the downstream perimeter of the 
thruster and expels the needed electrons. 



Ion Engines 



Hall Thrusters 
Hall (Effect) Thrusters 
•  Ions accelerate with the use of an electric potential maintained 

between a cylindrical anode and a negatively charged plasma that 
forms the cathode.  

•  Propellant (usually xenon) is introduced near the anode, where it 
becomes ionized, and the ions are attracted towards the cathode; 
they accelerate towards and through it, picking up electrons as they 
leave to neutralize the beam and leave the thruster at high velocity. 

•  The anode is at one end of a cylindrical tube, and in the center is a 
spike that is wound to produce a radial magnetic field between it and 
the surrounding tube.  

•  The electrons produced near the end of the spike to create the 
cathode are far more affected and are trapped by the magnetic field, 
and held in place by their attraction to the anode.  

•  Some of the electrons spiral down towards the anode, circulating 
around the spike in a Hall current.  

•  When they reach the anode they impact the uncharged propellant 
and cause it to be ionized, before finally reaching the anode and 
closing the circuit 



Hall Thrusters 



Hall Thrusters 



Hall Thrusters 



Bottle Rocket Experiment 

(continues) 



•  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 5th of December 

–  Location: Activity field (in front of the gym) away from the archery class 
(they have class from 12-3 PM that day)   

•  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 



Bottle Rocket Experiment 



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

Bottle Rocket Experiment 



Bottle Rocket Experiment 



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 


