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Chemical Engineering 522

Combustion Processes

Combustion and Energy



What is combustion?

• What is combustion?
• How can we define it?
• What are its properties and 

characteristics?
• How do we know something is combustion 

and when it is not?

2



Web Definitions
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Turns’ Definition

• Webster’s
– Rapid oxidation generating heat, or both light 

and heat; also, slow oxidation accompanied 
by relatively little heat and no light
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Premixed and Nonpremixed Flames
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Flameless: HCCI

• Homogeneous charge compression ignition
• Gasoline engine: premixture, compress, then spark à 

premixed flame propagation
• Diesel engine: air, compress, then inject fuel which 

autoignites and burns as a nonpremixed flame
• HCCI, premixture compressed to autoignition point, 

homogeneous burning
– Usually lean
– Higher compression ratios, lower peak temperatures
– High efficiency, low emissions

• Multi-fuel operation
• Hard to control, cold start issues
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Flameless: MILD Combustion

• Moderate or intense low oxygen 
dilution

• Quickly mix fuel, air, and recirculated 
products. 
– High temperature (but lower than 

flames), and high dilution.
• Avoids flame extinction/reignition 

processes.
• Lower temperature, distributed 

reaction
• Reduce peak flame temperatures
• Reduce NOx and soot emissions.
• Higher fuel flexibility
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http://www.ifs.tohoku.ac.jp/enerdyn/en/en_researches_hicot.htm


