
 

Propellants (Lecture 2)

Ancient Chinese and 

Korean rocket 

technology - history 

lesson

Ancient Chinese 

rockets - ahead 

of their time!

https://www.bing.com/videos/search?q=history+of+military+rockets&&view=detail&mid=01C9D8C6F76CBEDB504201C9D8C6F76CBEDB5042&&FORM=VRDGAR&ru=%2Fvideos%2Fsearch%3Fq%3Dhistory%2Bof%2Bmilitary%2Brockets%26qs%3Dn%26form%3DQBVR%26sp%3D-1%26pq%3Dhistory%2Bof%2Bmilitary%2Brockets%26sc%3D0-27%26sk%3D%26cvid%3D3B747CAE9D86459F886D62EAA2CB3A71
https://www.bing.com/videos/search?q=history+of+military+rockets&ru=%2fvideos%2fsearch%3fq%3dhistory%2bof%2bmilitary%2brockets%26qs%3dn%26form%3dQBVR%26sp%3d-1%26pq%3dhistory%2bof%2bmilitary%2brockets%26sc%3d0-27%26sk%3d%26cvid%3d3B747CAE9D86459F886D62EAA2CB3A71&view=detail&mid=47982F913A500E738B7C47982F913A500E738B7C&rvsmid=01C9D8C6F76CBEDB504201C9D8C6F76CBEDB5042&FORM=VDQVAP


 

British Electric 

Thunderbird Guided 

Missile (1957)
THE BLOODHOUND -

1958

Avro Blue steel Missile 

https://www.bing.com/videos/search?q=thunderbird+missile&&view=detail&mid=B885472ED48A51A1AA1CB885472ED48A51A1AA1C&&FORM=VRDGAR&ru=%2Fvideos%2Fsearch%3Fq%3Dthunderbird%2Bmissile%26qs%3DSC%26form%3DQBVR%26sp%3D2%26ghc%3D1%26pq%3Dthunderbird%2Bmissle%26sk%3DMM1%26sc%3D8-18%26cvid%3DC0FCCCA5B2BB47138A8B4672DAF7B2AA
https://www.bing.com/videos/search?q=bloodhound+missile&ru=%2fvideos%2fsearch%3fq%3dbloodhound%2bmissile%26qs%3dMT%26form%3dQBVR%26sp%3d1%26pq%3dbloodhound%2bmissile%26sc%3d8-18%26cvid%3d4EB7233036C743E79D3D18FF5DAB23E5&view=detail&mid=BE34DDAD6A1AB1AED180BE34DDAD6A1AB1AED180&rvsmid=686C8BEE6B1178CDA26D686C8BEE6B1178CDA26D&FORM=VDQVAP
https://www.bing.com/videos/search?q=blue+steel+missile&&view=detail&mid=8DE123AE640122CF36758DE123AE640122CF3675&&FORM=VRDGAR&ru=%2Fvideos%2Fsearch%3Fq%3Dblue%2Bsteel%2Bmissile%26FORM%3DHDRSC4


 

Rocket propulsion is produced by the reaction to the force exerted on gas 

molecules to accelerate them though a convergent-divergent nozzle. 

In a conventional rocket motor both the gases which constitute the working 

fluid and the heat energy which is partly converted into the kinetic energy of 

those gases are produced by the burning of a propellant in a combustion 

chamber

Rocket propellants burn at an approximately constant pressure which is 

considerably lower than the peak pressure observed in guns

The thrust of a rocket motor can be controlled in various ways but the total 

impulse (thrust x time) provided by unit mass of propellant in a given motor 

has a definite value, known as the Specific Impulse, Is:

China Tested 

Largest and 

Most Powerful 

Solid Fuel 

motor

China - Second 

Biggest Aircraft 

Carrier Fleet in 

the World 

https://www.bing.com/videos/search?q=solid+fuel+rocket+motor&ru=%2fvideos%2fsearch%3fq%3dsolid%2bfuel%2brocket%2bmotor%26FORM%3dHDRSC4&view=detail&mid=8F62B140D9A52F8EED238F62B140D9A52F8EED23&rvsmid=6F289C86E79044C3C0206F289C86E79044C3C020&FORM=VDQVAP
https://www.bing.com/videos/search?q=solid+fuel+rocket+motor&ru=%2fvideos%2fsearch%3fq%3dsolid%2bfuel%2brocket%2bmotor%26FORM%3dHDRSC4&view=detail&mid=09461A7864CEA13FB35109461A7864CEA13FB351&rvsmid=B3C2D09AB7E592387499B3C2D09AB7E592387499&FORM=VDQVAP


 



 

Ammonium 

Perchlorate 

Rocket 

Propellant

Rocket Motor -

Ammonium Nitrate 

Composite 

Propellant

Nitrate de 

potassium Sucre 

https://www.youtube.com/watch?v=PqKOeJgKamc
https://www.bing.com/videos/search?q=Ammonium+Nitrate+Rocket+Propellant&&view=detail&mid=80386E2A7E428938B51880386E2A7E428938B518&&FORM=VRDGAR&ru=%2Fvideos%2Fsearch%3Fq%3DAmmonium%2BNitrate%2BRocket%2BPropellant%26FORM%3DVDMHRS
https://www.bing.com/videos/search?q=Ammonium+Nitrate+Rocket+Propellant&ru=%2fvideos%2fsearch%3fq%3dAmmonium%2bNitrate%2bRocket%2bPropellant%26FORM%3dVDMHRS&view=detail&mid=C6D6E3B9B11DB181506BC6D6E3B9B11DB181506B&rvsmid=80386E2A7E428938B51880386E2A7E428938B518&FORM=VDQVAP


 



 



 



 



 



 



 



 



 



 

Cast double-base (CDB) propellants can be made in grain diameters 

from 50 mm upwards, and the maximum diameter is, in theory, 

unlimited, as is the length. Other advantages which they have over EDB 

types are a better capacity for very complex cross-sections, greater 

precision of dimensions, greater safety in manufacture and, compared 

with solvent EDBs a saving of drying time



 

CDB propellants can be modified by 

filling them with RDX or HMX, 

analogously to high energy gun 

propellants. The nitramines are better 

gas producers than the NG which they 

partly replace, but have somewhat 

lower heats of explosion (Qp). The 

capacity for platonisation is retained 

and there is no increase in smokiness



 



 



 

Advantages

Disadvantages

DB rocket propellants - taking cast and extruded types together, are as follows:



 



 

....and as with gun propellants (but higher risk!)



 



 



 



 



 



 

Note – plastic no longer popular 

due to poor mechanical properties  



 



 



 

GTR-18A Smokey 

Sam Surface-to-air 

Rocket Simulator

https://www.bing.com/videos/search?q=smokey+rocket+motor+vs+a+non-smokey+rocket+motor&&view=detail&mid=74B6811D15647836F5BC74B6811D15647836F5BC&&FORM=VRDGAR&ru=%2Fvideos%2Fsearch%3Fq%3Dsmokey%2Brocket%2Bmotor%2Bvs%2Ba%2Bnon-smokey%2Brocket%2Bmotor%26FORM%3DHDRSC4


 



 



 



 



 



 

GTR-18A Smokey 

Sam Surface-to-air 

Rocket Simulator

https://www.bing.com/videos/search?q=smokey+rocket+motor+vs+a+non-smokey+rocket+motor&&view=detail&mid=74B6811D15647836F5BC74B6811D15647836F5BC&&FORM=VRDGAR&ru=%2Fvideos%2Fsearch%3Fq%3Dsmokey%2Brocket%2Bmotor%2Bvs%2Ba%2Bnon-smokey%2Brocket%2Bmotor%26FORM%3DHDRSC4


 



 



 



 



 



 

How do Liquid Rocket Engines work?

Solid and liquid Propellant - comparison

https://www.bing.com/videos/search?q=liquid+rockect+motor+propellants&&view=detail&mid=BFA530892175FDCB4D4BBFA530892175FDCB4D4B&&FORM=VRDGAR&ru=%2Fvideos%2Fsearch%3Fq%3Dliquid%2Brockect%2Bmotor%2Bpropellants%26FORM%3DHDRSC4
https://www.bing.com/videos/search?q=liquid+rockect+motor+propellants&&view=detail&mid=0E60ACD066A55AA7A6980E60ACD066A55AA7A698&&FORM=VRDGAR&ru=%2Fvideos%2Fsearch%3Fq%3Dliquid%2Brockect%2Bmotor%2Bpropellants%26FORM%3DHDRSC4


 



 



 

It has a number of advantages in the monopropellant role: 



 

1. Comparatively high freezing point. 

2. High hygroscopicity . 

3. Susceptibility to catalysed decomposition on various surfaces, eg

stainless steels and many elastomers. This is increased by the presence 

of acidic impurities in the liquid, such as carbon dioxide. 

4. Lower specific impulse than some other monopropellants. 

5. Slight susceptibility to dieseling, ie accidental ignition by the rapid, 

adiabatic compression of entrained bubbles.

6. High toxicity, as already noted



 

Other monopropellants 



 

 Liquid propellant systems comprise a pair of propellants, one 
serving as the fuel and the other as the oxidant. They are 
contained in separate tanks and are mixed by injection into the 
combustion chamber, where they either ignite spontaneously 
(hypergolically) or are ignited by a pyrotechnic charge.

 Since liquid monopropellants do not provide sufficient specific 
impulse for the main propulsion of large rockets, the choice of 
propellants for the first stage, or two stages, of such vehicles is 
between liquid bipropellants, solid propellants or a combination 
of both types of motor*. 

 They are classed either as cryogenic (‘space-storable’) or non-
cryogenic (‘earth-storable’).

*Large rocket systems which contain liquid bipropellant main motors include 
the NASA/DoD space shuttle, ESA Ariane, the American Atlas and the Titan 
and Delta series and a number of Russian and Chinese space launch vehicles. 



 

Inhibited red fuming nitric acid (IRFNA) – now obsolete. RFNA is a 

brown (not red), mobile liquid with a very unpleasant odour. It is highly toxic 

Dinitrogen tetroxide (DNTO) - DNTO poses problems of storage because 

when containing more than 0.2% moisture it is unacceptably corrosive 

towards steel containers.  



 

The best cryogenic fuel on performance grounds is liquid hydrogen, which is 

used with LOX in the main motors of the American space shuttle and in the upper 

stages of a few other space launch vehicles.

Other options



 



 

Hypergolic - igniting spontaneous 
mixing with another substance. 
The two propellent components 
usually consists of a fuel and an 
oxidizer.

Non-hypergolic - require one or 
both propellent to cryogenically 
liquefied in order to fit in an 
economically sized tank 
(bipropellants which require external 

ignition)



 



 


