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1. Please describe what is meant by secondary pyrolysis reactions. 

2. One of the products of secondary pyrolysis reactions is soot. Please describe where this 
soot comes from, how much can form, and its elemental composition. How does 
formation of coal-derived soot differ from soot formation in a light hydrocarbon flame 
(like methane-air or acetylene-air)? 

3. Obviously, soot might be important for near-burner radiation effects. Please do a 
calculation to estimate the amount of heat transferred from a cylindrical flame surface, 
2.0 m long by 1.0 m diameter, that has a flame temperature of 2000 K and an effective 
surface emissivity of 0.2 (see accompanying figure). Assume that the flame radiates to 
a surrounding wall of 1000 K. What variables would influence the value of the 
emissivity? 
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4. Using the heat capacity of air at 1800 K, determine what temperature difference the 
heat loss calculated in Question 3 would cause. Assume a net outward velocity from 
the flame front of 3 m/s. Compare this result with the findings of Brown. 

5. Sketch the profiles of gas temperature radially away from the particle, and the 
concentrations of fuel and oxidizer, all as a function of time during devolatilization in 
air for: (a) single particle combustion (i.e., a single particle burning in air); and (b) a 
cloud of particles burning (i.e., assume a diffusion flame with fuel and oxidizer 
contacting at the edge of the flame). 

6. A typical hydrocarbon flame thickness is 0.5 to 1.0 mm. In single particle combustion, 
the volatiles flame is often assumed to be infinitely thin. For a 50 µm diameter particle, 
postulate on what errors might be associated with the thin flame assumption. 

 
 


