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ME529 Combustion and Air Pollution

Topic 01. Introduction 

I.  INTRODUCTION

I.1 Course Objective

Our lifestyle began its dependence on combustion when people first used fire for warmth, light and cooking -- and our ecosystem has been altered ever since.  The production of energy from combustion processes disturbs the atmosphere with pollutants, as does the release of combustion products from accidental fires and explosions.  Burning coal to produce electricity leads to acidic depositions, atmospheric haze and photochemical smog.  Internal combustion engines power transportation and release particulates, carbon monoxide and PAHs - and contribute to photochemical smog formation.  Accidental fires and explosions have the potential to spew harmful industrial chemicals into the environment.  All forms of hydrocarbon combustion produce carbon dioxide, a greenhouse gas, and thermal pollution.

Combustion is a complex subject that requires knowledge of all the basic sciences -- mathematics, physics, and chemistry -- and the subtopics of thermodynamics, chemical kinetics, heat and mass transfer, and fluid mechanics. The approach taken in this class is to focus first on the fundamentals that are common to all combustion phenomena.  We will then apply these fundamentals to a few combustion phenomena:

· the combustion of fossil fuels, 

· the formation of pollutants,

· wild fires,

· detonations, and/or

· fire dynamics.  

Each application will be introduced with a motivation for its study and conclude with practical engineering practices. For example: 

· burner designs that can decrease the formation of pollutants, 

· changing internal combustion engine dynamics to block pollutant formation,

· pre-treating coal so that it burns “clean,” 

· suppression system designs to extinguish accidental explosions, and 

· changes in material properties that can retard fire spread.

The class should leave you with a solid understanding of combustion fundamentals, an appreciation for the diversity of combustion phenomena, and, most of all, the curiosity and capability to attack on your own some of the engineering and environmental problems caused by our harnessing of fire.

I.2 Bibliography

Required Text:

Turns, S. R., Introduction to Combustion, 3rd Edition, McGraw Hill, 2011.

Additional reading:

Beer, J. W., and Chigier, N., Combustion Aerodynamics, Robert E. Krieger Publishing Company, Malabar, Florida, 1983.

The effect of aerodynamic processes on the turbulent diffusion flames most generally used in industry.

Flagan, R.C. and Seinfeld, J.H., Fundamentals of Air Pollution Engineering, Prentice Hall, New Jersey, 1988.

The former text for this class; out of print.

Glassman, I., Combustion, Academic Press, NY, 1977.

Physical insight into combustion principles.  The 3rd edition mirrors the original.

Heywood, J. C., Internal Combustion Engine Fundamentals, McGraw-Hill, NY, 1988.

A framework for the vast and complex mass of technical material that now exists on the subject.

Kuo, K. K., Principles of Combustion, John Wiley & Sons, New York, 1986.

Theoretical modeling of combustion problems.

Law, C. K., Combustion Physics,  Cambridge University Press, New York, 2006.  A graduate level combustion text.
Lewis, B., and von Elbe, G., Combustion, Flames and Explosions of Gases, 3rd Edition, Academic Press, New York, New York, 1987.


The classic.

Faraday, M. The Chemical History of a Candle, originally published in 1861.  

A delightful look at Faraday's Christmas Lectures presented in London.  Reprinted from time-to-time.

Strehlow, R. A., Combustion Fundamentals, McGraw Hill, New York, 1984.

A comprehensive and balanced treatment; out of print.

Warnatz, J., Maas, U., and Dibble, R.W., Combustion: Physical and Chemical Fundamentals, Modeling and Simulation, Experiments, Pollutant Formation, 2nd Edition, Springer, New York, New York, 1999.  A reference.  Includes catalyzed surface reactions.

Handbook of the Society of Fire Protection Engineers (SFPE)


Applications to fire and explosion prevention and protection.

Journals:

Combustion and Flame, the journal of the Combustion Institute.  Every four years, the Institute also publishes the proceedings from its international symposium.  Student membership in the Combustion Institute is very economical and students are encouraged to present work-in-progress at technical meetings; contact:

The Combustion Institute

5001 Baum Boulevard - Suite 635

Pittsburgh PA  15213-1851

Phone: 412-687.1366

Fax: 412-687.0340

E-mail: office@combustioninstitute.org

http://www.combustioninstitute.org
Combustion Science and Technology

Fire and Materials, the technical journal of the Society of Fire Protection Engineers.

Fire Technology

International Journal of Wildland Fire

Fuel

I.3 The Fire Tetrahedron

Combustion is the rapid release of energy stored in fuels.  Exothermic chemical reactions between fuels and air release visible light.  Both the light and heat released are used for industrial and domestic needs.  However, uncontrolled fire causes needless death and property damage.

Nearly everyone learned the “fire triangle,” the triad that must coexist for combustion to take place (Figure 1): fuel, heat and air.  Fire can exist if 

1. fuel is present in a suitable configuration;

2. a source of heat sufficient to cause ignition exists; and

3. oxygen is available.




Figure 1. The fire triangle.

What is a “suitable configuration?”  Nearly everyone knows that to start a campfire, a single log of wood is very hard to ignite, whereas a collection of thin twigs and dried grasses ignites easily.  Of course, that log of wood could be ignited if you had a heat source of sufficient strength (contrast an acetylene torch with a match or butane lighter).  And a few shovelfulls of dirt on a dying campfire effectively suffocates the flames.

Fewer people are familiar with the “fire tetrahedron” which includes the effect of combustion chemistry details: free radicals (Figure 2). We will discuss free radicals and their importance in the combustion reactions, flame extinguishment and pollution formation later in the class.  Suffice to say for now that fire could not occur without free radicals.  Briefly, consider the complete combustion of methane:

CH4 + 2 (O2 + 3.76 N2) ===> CO2 + 2 H2O + 2 x 3.76 N2
This equation describes the overall chemical reaction for methane combustion.  However, for the overall reaction to occur, many (hundreds!) of elementary (intermediary) reactions must occur first.  For example:

       O2 <===> 2 O

OH + H <===> H2O      

CO + O <===> CO2
            CH4 <===> CH3 + H

The free radicals O, H, OH and CH3 are very reactive and their independent lifetime in the flame is very short.  But they, and others, are essential for the combustion reactions to continue.  Removing these radicals will interrupt the combustion process and extinguish the flame.




Figure 2.  The fire tetrahedron.

This simple idea of fuel, heat, oxygen and free radicals is common to all combustion processes.  Later we will discuss other fire classifications.
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