
Propulsion Systems for the Space Age

Introduction

Propulsion systems play a critical role in enabling the 

exploration and utilization  of  space.  From launching 

satellites into orbit to sending humans to the Moon and 

Mars,  the  development  of  advanced  propulsion 

technologies has been essential to the progress of space 

exploration.

This book provides a comprehensive overview of the 

various  types  of  propulsion  systems  used  in  space 

applications, from the fundamental principles of rocket 

propulsion  to  the  latest  advancements  in  combined-

cycle and electric propulsion. Written for an American 

audience,  the  book  covers  a  wide  range  of  topics, 

including:

 The history of space propulsion
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 The different types of propulsion systems

 The  design  and  optimization  of  propulsion 

systems

 The applications of propulsion systems in space 

exploration

 The future of space propulsion

This  book  is  an  essential  resource  for  engineers, 

scientists,  and  anyone  interested  in  the  fascinating 

world of space propulsion.

Propulsion systems are the key to unlocking the vast 

potential  of  space  exploration.  By  understanding  the 

different  types  of  propulsion  systems  and  their 

applications, we can continue to push the boundaries 

of human knowledge and achieve new heights in space.
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Book Description

Propulsion  Systems  for  the  Space  Age provides  a 

comprehensive  overview  of  the  various  types  of 

propulsion  systems  used  in  space  applications,  from 

the fundamental principles of rocket propulsion to the 

latest  advancements  in  combined-cycle  and  electric 

propulsion.  Written  for  an  American  audience,  the 

book covers a wide range of topics, including:

 The history of space propulsion

 The different types of propulsion systems

 The  design  and  optimization  of  propulsion 

systems

 The applications of propulsion systems in space 

exploration

 The future of space propulsion

This  book  is  an  essential  resource  for  engineers, 

scientists,  and  anyone  interested  in  the  fascinating 

world of space propulsion.
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Propulsion systems are the key to unlocking the vast 

potential  of  space  exploration.  By  understanding  the 

different  types  of  propulsion  systems  and  their 

applications, we can continue to push the boundaries 

of human knowledge and achieve new heights in space.

In  Propulsion Systems for  the Space Age,  you will 

learn about:

 The different types of rocket engines, including 

liquid-propellant  rockets,  solid-propellant 

rockets, and hybrid rockets

 The  different  types  of  airbreathing  engines, 

including  ramjets,  scramjets,  turbojets,  and 

turbofans

 The different types of combined-cycle propulsion 

systems, which combine rocket and airbreathing 

engines

 The  different  types  of  electric  propulsion 

systems, which use electricity to generate thrust
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 The different applications of propulsion systems 

in  space  exploration,  including  satellite  launch 

vehicles,  interplanetary  spacecraft,  and  space 

station propulsion

Propulsion  Systems  for  the  Space  Age is  the 

definitive  guide  to  space  propulsion.  With  its 

comprehensive coverage of  the topic,  this  book is  an 

essential  resource  for  anyone  interested  in  the 

fascinating world of space exploration. 
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Chapter 1: Propulsion Fundamentals

Newton's Laws of Motion

Isaac  Newton's  three  laws  of  motion  form  the 

foundation of classical mechanics and are essential for 

understanding  the  behavior  of  objects  in  motion, 

including spacecraft.

Newton's First Law (Law of Inertia)

 An object at rest will remain at rest unless acted 

on by an unbalanced force.

 An  object  in  motion  continues  to  move  at  a 

constant  velocity  unless  acted  on  by  an 

unbalanced force.

This law implies that spacecraft in orbit will continue 

to orbit indefinitely unless a force, such as a thruster, is 

applied to change their velocity.

Newton's Second Law (Law of Acceleration)
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 The acceleration of an object as produced by a 

net  force  is  directly  proportional  to  the 

magnitude of the net force, in the same direction 

as  the  net  force,  and inversely  proportional  to 

the mass of the object.

This  law  is  used  to  calculate  the  thrust  required  to 

accelerate a spacecraft.

Newton's Third Law (Law of Action and Reaction)

 For every action, there is an equal and opposite 

reaction.

This law implies that when a spacecraft's engine fires, 

the exhaust gases are expelled in one direction, while 

the spacecraft accelerates in the opposite direction.

These  three  laws  provide  a  framework  for 

understanding  the  forces  that  act  on  spacecraft  and 

how those forces affect their motion. They are essential 

for the design and operation of propulsion systems.
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Chapter 1: Propulsion Fundamentals

The Rocket Equation

The  rocket  equation  is  a  fundamental  equation  in 

astronautics  that  describes  the  relationship  between 

the initial mass of a rocket, the final mass of the rocket, 

the exhaust velocity of the rocket,  and the change in 

velocity of the rocket. The equation is:

Δv = Ve * ln(Mi / Mf)

where:

 Δv is the change in velocity of the rocket

 Ve is the exhaust velocity of the rocket

 Mi is the initial mass of the rocket

 Mf is the final mass of the rocket

The rocket equation shows that the change in velocity 

of a rocket is proportional to the exhaust velocity of the 

rocket  and  the  natural  logarithm of  the  ratio  of  the 

initial  mass  to  the  final  mass.  This  means  that  the 
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higher the exhaust velocity of the rocket,  the greater 

the change in velocity that can be achieved for a given 

mass  ratio.  Similarly,  the  lower  the  mass  ratio,  the 

greater the change in velocity that can be achieved for 

a given exhaust velocity.

The rocket  equation is  a  powerful  tool  for  designing 

rockets  and  spacecraft.  By  understanding  the 

relationship between the different  parameters  in  the 

equation,  engineers  can  optimize  the  design  of  their 

vehicles to achieve the desired performance.

Applications of the Rocket Equation

The rocket equation has a wide range of applications in 

astronautics, including:

 Calculating the propellant mass required for a 

given  mission: By  knowing  the  change  in 

velocity required for a mission and the exhaust 

velocity of the rocket, the rocket equation can be 

used to calculate the propellant mass required.
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 Determining  the  payload  mass  that  can  be 

carried  for  a  given  mission: By  knowing  the 

initial mass of the rocket and the propellant mass 

required,  the  rocket  equation  can  be  used  to 

calculate the payload mass that can be carried.

 Optimizing  the  design  of  rockets  and 

spacecraft: By  understanding  the  relationship 

between the different parameters in the rocket 

equation,  engineers  can optimize the design of 

their  vehicles  to  achieve  the  desired 

performance.

The  rocket  equation  is  a  fundamental  tool  in 

astronautics and is used by engineers to design rockets 

and spacecraft for a wide range of missions.
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Chapter 1: Propulsion Fundamentals

Propellant Types and Characteristics

Propellants  are  the  fuel  and  oxidizer  used  in  rocket 

engines to produce thrust. The choice of propellant has 

a significant impact on the performance of the engine, 

including its specific impulse, thrust, and efficiency.

There  are  two main  types  of  propellants:  liquid  and 

solid.  Liquid propellants  are  stored in  tanks and fed 

into the engine through a series of valves and pipes. 

Solid propellants are pre-packaged and burned directly 

in the engine.

Liquid propellants offer several advantages over solid 

propellants.  They  are  more  efficient,  have  a  higher 

specific  impulse,  and  can  be  throttled  to  provide 

variable  thrust.  However,  liquid  propellants  are  also 

more complex and expensive to store and handle.

Solid  propellants  are  less  efficient  and have  a  lower 

specific impulse than liquid propellants. However, they 
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are  more  compact,  less  complex,  and easier  to  store 

and handle.

The  choice  of  propellant  for  a  particular  application 

depends on a number of factors, including the desired 

performance, cost, and complexity.

In addition to the two main types of propellants, there 

are also a number of specialized propellants that are 

used  for  specific  applications.  These  include 

monopropellants,  bipropellants,  and  cryogenic 

propellants.

Monopropellants are propellants that contain both the 

fuel  and  oxidizer  in  a  single  compound.  This  makes 

them  very  simple  to  store  and  handle,  but  they 

typically have a lower specific impulse than other types 

of propellants.

Bipropellants  are  propellants  that  consist  of  two 

separate compounds,  one that serves as the fuel  and 

one that  serves as  the oxidizer.  Bipropellants  offer a 
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higher specific impulse than monopropellants, but they 

are also more complex to store and handle.

Cryogenic propellants are propellants that are stored at 

very low temperatures. This makes them very efficient, 

but they are also very difficult to store and handle.

The development of new and innovative propellants is 

an  ongoing  area  of  research.  These  new  propellants 

could  lead  to  significant  improvements  in  the 

performance  of  rocket  engines  and  open  up  new 

possibilities for space exploration.
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This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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