
 

 
 

[ Propulsion Systems ] 

 

 
 

➢ Propulsion systems: 

 

○ The word comes from the Latin words ‘pro’ meaning before or forwards and ‘pellere’ 

meaning to drive.  

○ There are four principal propulsion systems in aircraft: Propeller, Jet or turbine, Ramjet, 

Rocket. 

○ The first aircraft built, used propellers to push them along. A propeller draws air in the 

front and throws it backwards. This thrusts the propeller and aircraft forwards. The jet 

of air thrown back by the propellers does not travel very fast, so propellers cannot move 

aircraft faster than about 725 km/h.  

○ To achieve a greater speed, aircraft now use either turboprop or turbojet engines 

instead of propellers. 

 

➢ Internal combustion engines: 

 

○ As the name implies, the combustion process of an internal combustion engine takes 

place in an enclosed cylinder.  

○ Inside the cylinder is a moving piston which compresses a mixture of fuel and air before 

combustion and is then forced back down the cylinder following combustion.  

○ On the power stroke the piston turns a crank which converts the linear motion of the 

piston into circular motion.  

○ The turning crankshaft is then used to turn the aircraft propeller. The motion of the 

piston is repeated in a thermodynamic cycle called the Otto Cycle which was developed 

by the German, Dr. N. A. Otto, in 1876 and is still used today. 

 

 
 

 

 

 

 

https://www.grc.nasa.gov/www/k-12/airplane/combst1.html
https://www.grc.nasa.gov/www/k-12/airplane/stroke.html
https://www.grc.nasa.gov/www/k-12/airplane/compexp.html
https://www.grc.nasa.gov/www/k-12/airplane/engpowr.html
https://www.grc.nasa.gov/www/k-12/airplane/powert.html
https://www.grc.nasa.gov/www/k-12/airplane/carnot.html
https://www.grc.nasa.gov/www/k-12/airplane/otto.html


 

➢ Jet including turbofan, ram and scram: 

 

Jet engines work on the principle of jet propulsion. An aircraft is thrust forwards 

because of the reaction to high-speed air traveling backwards. The same effect can be seen 

when you release the neck of a blown-up balloon. When the neck of the balloon is held 

tightly shut, the air pressure inside the balloon is the same in all directions, (Pascal’s 

principle), so the balloon remains still. Because the air is compressed inside the balloon, 

when you release the neck of the balloon, the air will rush out at high speed. The air 

pressure at the opposite end to the neck is no longer counter-balanced, so the balloon flies 

forward. 

 
 

○ Turbojet: Aircraft driven by turbojet engines do not have propellers. They are propelled 

by a backward jet of hot gas. These engines, usually in the form of turbofans, propel all 

the fastest aircraft. The compressors ensure that all the air entering a turbojet is 

compressed and forced into a combustion chamber. The compressed air is heated with 

burning fuel, the jet of hot gas drives the plane forwards. The jet engine drives an 

aircraft forward with enormous force. Air is sucked in at the front, compressed by 

blades, and heated with flames of burning fuel in the combustion chamber. The air is 

then expelled at a high speed from the back. This stream of hot air is known as a jet. It 

causes a thrust in the opposite direction, propelling the aircraft forwards. 

 

 
 

 

 



 

○ Turbofan jet: Most big airliners today are powered by turbo fan engines, which are 

quieter and cooler than other jet engines. Air is drawn in by a huge fan spinning at the 

front. Some of the air passes through the engine, while most flows around the outside, to 

thrust the aircraft forward. The fan and compressor blades are themselves turned by the 

stream of hot air rushing out through the back of the engine. 

 

 
 

○ Ramjet: The ramjet is the simplest of all jet engines as it has no moving parts, however it 

is still in development. The major flaw in its design is its inability to function at low 

speeds. It needs to be travelling very fast through the air before being started but it does 

show a lot of promise for the future. In each case, air collected from the atmosphere is 

ducted into the engine to serve as the oxidizer for the burning of fuel that is stored on 

board. All the engines operate on a modified form of the basic Joule or Brayton cycle; 

that is, the air is compressed in the inlet, burned at near-constant pressure, and 

accelerated in an expansion nozzle. In accordance with Newton's, second law, thrust is 

produced by the increase in momentum as the gas passes from the inlet to the nozzle 

exit. Compression is produced by one or a multiplicity of compression waves generated 

on the inlet surfaces. The level of pressure that can be reached in these waves is 

insufficient to produce net thrust unless the air speed is greater than about Mach 0.9 

(that is, the velocity is 0.9 times the local speed of sound). Thus the ramjet must be 

launched from a high-speed aircraft or brought up to speed by a booster rocket or 

another adjunct engine. 

 

http://www.answers.com/topic/oxidizer


 

 

○ Scramjets: Scramjets, or 'supersonic combustion ramjet' are similar to ramjets, but the 

air goes through the entire engine at supersonic speeds, eliminating the creation of a 

strong shock wave in the intake. This increases the stagnation pressure recovered from 

the free stream and improves net thrust. Owing to the hypersonic (rather than 

supersonic) flight speeds experienced, scramjet air intake temperatures are too high for 

burning kerosene, so hydrogen is normally used as the fuel. Thermal choking of the 

exhaust is avoided by having a relatively high supersonic air velocity at combustor 

entry. Fuel injection is often into a sheltered region below a step in the combustor wall. 

Although scramjet engines have been studied for many decades it is only recently that 

small experimental units have been flight tested and then only very briefly. 

 

 
 

➢ Turboprop: 

 

○ The turboprop engine drives the propeller by a gas turbine engine. Compressors 

compress or squash the incoming air, fuel is sprayed in behind the compressor, and the 

hot gas drives the turbine, which then turns the propeller. 

○ A reduction gear slows the propeller down so that it moves about ten times more slowly. 

Propellers waste power and make too much noise if they spin too fast.  

○ A turboprop weighing 350kg produces about 2 000 horsepower. Airliners designed to 

carry 50 to 70 passengers are often powered by two turboprops. 

 

 
 

 

http://www.answers.com/topic/hypersonic


 

➢ Rockets: 

 

○ A rocket engine is not like a conventional engine.   

○ A conventional engine ignites fuel which then pushes on some pistons, and it turns a 

crank.  Therefore, it uses rotational energy to turn the wheels of the vehicle.  Electric 

motors also use rotational energy to turn fans, and spin disks.  A rocket engine does not 

use rotational energy to run.   

○ They are reaction engines.   

○ The principle of it is that the fuel contained within the body of the rocket goes through a 

chemical reaction as it comes out of the end of the rocket.  This reaction then causes 

thrust and propels the rocket forward.  This is an example of one of Sir Isaac Newton's 

fundamental laws.  ‘For every action, there is an equal and opposite reaction’. 

○ The strength of a rocket is measured in kilograms of thrust.   

○ A kilogram of thrust is the amount of force required to keep a, kilogram object 

stationary against gravity (How Rocket Engines Work.)  

○ In order to generate this thrust, rockets burn one of two types of fuel, solid fuel or liquid 

fuel.  Because of this fact, rockets are often classified by the type of fuel that they burn. 

 

• Solid fuel rockets: 

  

○ first rockets to be recorded in history 

○ The chemical make-up of a solid rocket fuel 

is very similar to the chemical makeup of 

gunpowder.  

○ However, the exact chemical make-up is not 

the same.  To make a rocket work, a fast 

burning nonexclusive fuel is 

needed.  Gunpowder explodes, making it 

unusable.  

○ One of the biggest problems with solid fuel 

rocket engines is that once started, the 

reaction cannot be stopped or 

restarted.  This makes them considered 

uncontrollable.  Therefore, solid fuel rockets 

are more widely used for missiles, or as 

booster rockets. 

○ This diagram below is how a solid fuel 

rocket engine looks before and after 

ignition. The solid fuel is in dark green, and 

then in orange as it is ignited to propel the 

rocket: 

 

 

 

 

 



 

• Liquid fuel rockets: 

  

○ The first liquid fuel rocket was produced by 

Robert Goddard in 1926.  

○ The idea of liquid fuelled rocket is easy 

to grasp.  A fuel and an oxidizer, in Goddard’s 

case he used gasoline and liquid oxygen, are 

pumped into a combustion chamber.  

○ A reaction takes place, and it expands propelling 

the rocket forward.   

○ The expanding gas is then forced through a 

nozzle that makes them accelerate to a higher 

velocity. 

○ The diagram below is a basic model of how a 

liquid fuelled rocket engine works. It is easy to 

see that a liquid fuelled rocket is much more 

complex that a solid fuel one: 

 


