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This research project studies three fundamental 
characteristics of propellant fires  

 
1 – The radiant heat flux (irradiance) generated by the flames 
2 – The pressure generated by the fire 
3 – The dimensions of the event 

For each of the studied variables,  
the following questions are answered 

 
1 – What is the maximum value obtained ? 
2 – How long does it take to reach this maximum value ? 
3 – How does the event evolves qualitatively with time ? 

The methodology used to study each aspect follows these steps 
 

1 – Literature study of previous work performed with propellants and other variables 
2 – Theoretical derivation of relations that would model the studied variables 
3 – Experimental work designed to determine unknown parameters and validate design models 
4 – Reduction of the models into a set of simple guidelines and their domain of validity 

Propellants are designed to optimize the transformation of chemical energy into mechanical energy 
 
 “Property of objects, transferable among them via fundamental interactions, which can be converted into 
 different forms but not created or destroyed” – Richard Feynman 
 
 
 
 
 
 
 
 
 
 
 
 

Thus as energy is available within propellant and conserved, its accidental liberation can have disastrous 
consequences. In the case of chemical propellants, this liberation involves two processes: 

 

- Transformation from solid (or liquid) to gas - Heat generation (heat of reaction / combustion) 
 

Propellants have a combustion behavior which spans a space occupied by many other substances 

Energy: 

Potential energy 

Impulse 

Risk factors: 
- Thermal 
- Pressure 

Thermochemistry 



For any problem involving radiation heat transfer,  
       the heat flux (irradiance) at a given distance depends on five parameters: 
 

1 – The total surface of the source 
2 – The surface emissive power of the source (Stefan-Boltzmann law) 
3 – The distance from the source  
4 – The relative angle between the source and the receiver 
5 – The transmittance of the medium separating the source and receiving surfaces 
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Modak’s model (1977): 

SNPE law: 

Both very similar point 
source model. 

r2 = 0.76 

r2 = 0.88 

Using the method of 
multiple linear regressions 
with bootstrapping cross-
validation on the test data 

At shorter distances, a line source model is a better approximation 
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Surrounding properties 
 
Propellant characteristics 
 
Propellant arrangement 

Can the pressure rise 
beyond safe limits ? 

What is the maximum 
size of the event ? 

Can the irradiance rise 
beyond safe limits ? 

Vertical size ? Horizontal size ? 

Scaled power 
Duration 

Projections 

Propagation through 
heat flux 
Thermally thick case 

Fireball 
Time ratio 

Enlargement 

Propagation only 

Context 


