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Technical Objectives:

· Explain the difference between and advantages/disadvantages of air-breathing jet propulsion vs. rocket propulsion.

· Explain the differences between and the advantages/disadvantages of liquid, solid, hybrid, nuclear and electric rocket propulsion.

1. What is a rocket and how does a rocket generate thrust?

A rocket is a device that produces thrust by ejecting stored matter.   Consider the soda bottle rocket from your introductory design project.   

The high pressure air causes water to be ejected from the bottom of the rocket at given velocity, which causes the rocket to be propelled in the opposite direction.  As will be shown later, the magnitude of the thrust is roughly given by the following equation (we will add a few more terms later):

(1.1)
Where 
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 is the mass flow rate (kg/s) and v is the exit velocity.  To maximize thrust, you must maximize mass flow rate and exit velocity.  In chemical propulsion, the exit velocity is governed by the chemical energy of the propellants.  Mass flow rate is a function of the size of the engine. 

2. Specific Impulse

A common performance parameter used to evaluate propulsion systems is specific impulse (Isp).  Analogous to "miles per gallon" for an automobile, specific impulse is a ratio of the thrust generated by a rocket to the mass flow rate supplied to the rocket:

(1.2)
Where:

3. Rocket Propulsion vs. Air-Breathing Jet Propulsion

Rocket Propulsion System

Air-Breathing Jet Propulsion System

In a rocket propulsion system, all of the propellants are carried on board and ejected to produce thrust.  In an air-breathing jet propulsion system, only the fuel is carried on board.  The majority of the thrust in an air-breathing engine is generated by the ambient air, which depending on how you look at it, is free.

Advantages of Rocket Propulsion
  
Advantages of Air-Breathing Propulsion 
4. Types of Rocket Propulsion

One way to classify rocket propulsion systems is in terms of the energy source that exchanges energy with the propellant.  In this classification system, we can classify rocket propulsion as chemical, nuclear and electric.  Each of these overall classifications can be subdivided further.  This course will focus mainly on chemical rocket propulsion, which includes liquid, solid and hybrid chemical propulsion systems.   

4.1 Chemical Rocket Propulsion

Chemical rocket propulsion systems employ chemical reactions between one or more propellants to generate thermal energy, which is converted to kinetic energy in a nozzle to produce thrust. 

Liquid Rocket Engine

A liquid rocket propulsion system stores its propellant in tanks and feeds this propellant to a combustion chamber, in which energy is released through chemical reaction.  A bipropellant system uses a fuel and oxidizer; a monopropellant system employs a single liquid propellant that reacts alone by chemical decomposition.  
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Disadvantages

Solid Rocket Motor

A solid rocket motor combines the propellant storage system, feed system and combustion chamber into one.  The propellants are mixed before flight and stored in solid form.  The highly reactive and explosive mixture ignites and burns until the propellant is exhausted.  
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Disadvantages
Hybrid Rocket Motor

The hybrid rocket motor combines the best features of liquid and solids.  A hybrid system usually employs a solid fuel stored in the combustion chamber, with a liquid feed system that supplies liquid or gaseous oxidizer to the chamber.  
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Disadvantages

4.2. Nuclear Propulsion

A nuclear rocket engine is similar to a liquid rocket engine, except for the mechanism that adds heat to the working fluid.  In this system, a nuclear fission reaction supplies heat to the working fluid, usually hydrogen gas.  
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Disadvantages

4.3. Electric Propulsion

An electric propulsion system uses electricity to add energy to the propellant.  Examples of this technology are electrothermal and ion propulsion.  In an ion propulsion engine, a working fluid (typically Xenon) is ionized and then the electrically charged heavy ions are accelerated to very high velocities.
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Performance and typical applications of rocket propulsion systems

	Technology
	Isp (s)
	Thrust (lbf)
	Launch
	Orbit Insertion
	Orbit Maintenance
	Attitude Control

	Cold Gas 
	60 -250
	.1 - 10
	
	
	
	

	Liquid Monopropellant
	140-235
	.1 to 10000
	
	
	
	

	Liquid Bipropellant
	320-460
	.1 to 1,500,000
	
	
	
	

	Solid 
	260-300
	Up to 3,000,000
	
	
	
	

	Hybrid
	290-350
	Up to 3,000,000
	
	
	
	

	Nuclear
	800-6000
	Up to 3,000,000
	
	
	
	

	Electric
	500-10000
	.0001 - 5
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