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Objective and Outcome

Å Thisspeciallecture is designedto giveadvancedpostgraduatestudentsin
Heat and Mass Transfer an outline of how the transport phenomena
approachcan be applied to solve complex combustion problems. It is
shown with the help of practical illustrations how the differential
conservationequationsof mass,momentum,energyand speciescan be
applied to solvereal industrial problemsinvolvingtransport phenomena
coupledwith reactionsandtemperature-dependentproperties.

Å Toexamplesof analyticalsolutionsto simplecombustionproblemsis also
includedfor easeof understandingthe underlyingphysics.

Å Studentswill be able to appreciatethe role of mathematicalmodelingof
complex, coupled heat and mass transfer problems in solving real
engineeringproblems. Theywill alsounderstandthe physicalmeaningof
terms in conservationequationsand the significanceof assumptionsand
boundaryconditions.
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Outline
ÅPart I:  Introduction to combustion

ÅCombustion and flame
ÅCombustion chemistry
ÅCombustion of coal particle

ÅPart II:  Steady combustion of methane/air mixtures
ÅAnalytical solution
ÅNumerical simulations

ÅPart III:  Pulse combustion
ÅThermal-acoustic instability
ÅAnalytical solution
ÅNumerical simulations

Å Closure
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What is combustion
Combustionor burning is a chemical process,an exothermic

reactionbetweena substance(the fuel) and a gas(the oxidizer),

usually O2, to release thermal energy (heat),electromagnetic

energy(light), mechanicalenergy(noise)and electricalenergy(

freeionsandelectrons).
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Fuels
Å Most fuels are mixtures of chemical compounds 

called hydrocarbons ( combinations of hydrogen H2 
and carbon C ).

Å Solid fuels

ï Solid natural fuels include Coal, Peat, Lignite and Wood.

ï Solid artificial fuel is Coke derived from Coal.

ï High contents of Sulphurand Ash.

Å Liquid Fuels

ï Liquid fuels are processed at refineries from Petroleum.

ï Light, medium and Heavy Fuel Oil, Gasoline and Kerosene are the 
most common used.

Å Gaseous Fuels

ï Natural gas is a gaseous natural fossil fuel consisting primarily of 
methane.

ï Town gas is manufactured from Coal.

ï LPG ( Liquid Propane Gas ) is manufactured from Petroleum and 
usually supplied in pressurized steel bottles ( cooking is a typical 
application ).
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Calorific Value

ÅCalorific value represents the amount of heat developed in the 

reaction of combustion in conditions predefined standard. 

ïHigh (superior) calorific value.

it includes the heat of condensation of the water vapor that shape in the combustion

ïLow (inferior) calorific value
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Combustion and Flame 
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Fuel/oxidizer 

mixing

Fluid motion Examples

Premixed Turbulent Spark-Ignited gasoline engines

Low-NOx stationary gas turbine 

Laminar Flat flame

Bunsen flame (followed by a 

nonpremixedcandle for ű>1)

Nonpremixed

(Diffusion)

Turbulent Diesel engine

Aircraft turbine

H2/O2 rocket engine

Laminar Wood fire

Candle

Radiant burners for heating



Premixed flames- diffusion flames
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Premixed flame
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Nonpremixed flames
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Laminar Flame
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ÅPremixed

ïe.g. Bunsen flame

ïRather low flame velocity

Å Nonpremixed (Diffusion)

ïe.g. candle flame

ïFuel: wax, Oxidizer: air

ïReaction zone between wax vapors and air



Bunsen flame Structure
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Zones of a Premixed Flame
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Turbulent Flame
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Combustion Chemistry
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Stoichimetry
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Stoichimetry (2)
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Flammability limits
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Flammability limits give the proportion of combustible gases in 

a mixture, between which limits this mixture is flammable.



Combustion Chemical Reactions
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Chemical Reaction Rate
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