ME 529 Combustion and Air Pollution
Catalog Description:
Formation of pollutants during combustion processes and their subsequent transformations in the atmosphere.  Emphasis on the effects that design and operating parameters of combustion devices have on the nature and composition of exhaust gases.  Combustion system improvements, post-combustion treatment of effluent gases, atmospheric chemistry, smog formation, acid rain, ozone formation and health impacts of air pollutants. 
Textbook:
An Introduction to Combustion: Concepts and Applications by Stephen R. Turns, McGraw Hill, 3rd Edition, 2011.  Be sure to get the book with the CD.
Meeting Times:
2:30-4:00 pm PT, Monday and Wednesday in GJ 112 (Mindworks)
Course Web Page:
www.webs1.uidaho.edu/mindworks/combustion.htm
Instructor Information:
Steve Beyerlein, GJ234g, sbeyer@uidaho.edu, 208-885-4932 
Course Prerequisites:
1. Graphing functions with mathematics software.

2. Performing atom balances for simple chemical reactions

3. Using the first and second laws of thermodynamics to find chemical equilibrium states

4. Familiarity with organic chemistry and chemical kinetics as covered in freshman-level chemistry classes
5. Solving systems of first-order ordinary differential equations in the context of chemical kinetics
6. Calculating quantities associated with conduction, convection, and thermal radiation heat transfer
7. Documenting engineering calculations so that others can follow your reasoning.

Course Outcomes:

1. Apply the first and second laws of thermodynamics along with balanced chemical reactions to estimate the exhaust composition of combustion systems
2. Predict heats of reaction and concentrations of exhaust species using equilibrium thermodynamics for common and alternative fuels
3. Use chemical kinetics principles to estimate the residence time required for the complete oxidation of fuel-air mixtures
4. Quantify the engineering changes than affect pollutant formation during combustion and post-combustion clean-up strategies
5. Understand the environmental and/or health impacts of air pollutants including nitrogen oxides (NOx), carbon monoxide (CO), sulfur dioxide (SO2), unburned hydrocarbons (PAH) and particulate matter (PM)
6. Complete a literature review, computer modeling project, or laboratory project on an aspect of combustion and air pollution, and communicate discoveries in a 5 page technical paper. 
Professional Behaviors Promoted by Course:

1. Locates and consults relevant literature to answer technical questions.
2. Improve technical reading and comprehension skills
3. Questions manufacturer claims and popular beliefs by using knowledge and tools from the course to make informed decisions and recommendations. 

4. Uses engineering concepts and analysis tools when performing calculations on combustion systems
5. Documents engineering work for future use in a professional manner.
6. Aware and concerned about significance of global energy and environmental pollution problem and its relationship to next generation combustion systems
7. Seeks collaboration, when appropriate, to solve difficult problems.
8. Values self directed learning as a value-added source of personal development.

9. Periodically reflects on experiences, events, products, and processes to capture and reuse lessons learned.


Course Topics/Activities:

1. Reviewing of chemical, thermodynamic, fluid mechanics, and heat transfer fundamentals 

2. Classifying hydrocarbon fuels, measuring heating values, computing heats of reaction, estimating flame temperatures, and determining chemical equilibrium.
3. Balancing chemical reaction equations for common combustion scenarios.
4. Reviewing and learning combustion kinetics fundamentals for using one-step fuel consumption rate models, estimating the rate of NOx and CO formation, understanding the atmospheric chemistry involved in smog formation and ozone depletion, and estimating the residence times at temperatures needed for complete oxidation of fuel-air mixtures

5. Learning flame classification and its use in studying combustion phenomena including estimating flame speed and fuel droplet burning time
6. Learning the differences between gaseous and solid fuel combustion

7. Understanding the mechanisms of pollutant formation, mitigation, and environmental/health impacts:
a. Nitrogen oxide and nitrogen dioxide (NOx)

b. Carbon monoxide (CO)

c. Sulfur dioxide (SO2)

d. Unburned hydrocarbons (PAH)

e. Particulate matter (PM) released as aerosols or formed in the atmosphere
8. Performing engineering calculations for common internal combustion systems including spark ignition engines, compression ignition engines, and gas turbines. 

Course Evaluation:

	Part 1 - Homework Problems (including Math modeling)  50%
Part 2 - Homework Questions & Class Participation  20%
	

	Part 3 - Research Project (literature review)  30%
Potential topics include: low NOx burner designs; mechanisms for fire spread; non-flaming combustion (smoldering fire) mechanism; dispersion of explosive vapor clouds; combustion in micro-gravity (fires in space); soot formation; mathematical modeling of coal combustion; structure, stability and development of detonation waves; buoyancy supported flame propagation; non-intrusive measurement techniques for combustion processes; turbulent flame propagation in internal combustion engines; combustion of renewable transportation fuels (for example, ethanol or n-butanol); chemical looping combustion for carbon dioxide capture; direct combustion of biomass from agricultural residue; reacting boundary layer flow; mechanism for flame extinction; catalytic ignition; municipal waste incineration; modeling combustion kinetics; removal of acid-rain precursors from exhaust gases; or other combustion topic of interest (NOTE: your selected topic must be approved!)

· Substitute projects must be approved and the report must be technical writing following an established format (e.g., see Author Guidelines, 3rd person, abstract, introduction, discussion, conclusion, recommendation, acknowledgement, references).

· All projects still must include a search of the ARCHIVAL literature.
Reports may be downloaded from websites hosted by federal agencies and professional organizations (i.e., Department of Energy, National Institute of Standards and Technology, National Renewable Energy Laboratory).  References should be retrievable five years from now: books, archived journals, technical government reports, dissertations, theses, etc.

Homework Groundrules:

Many homework assignments require use of applications software for functional graphing, data analysis, and non-linear equation solving. The analysis tools you select to use are up to you, but NASA CEA, EES and MATLAB will be the ones supported by on-line resources associated with the course.  Working in teams is encouraged, especially in resolving conceptual questions and in validating results.  However, when calculations and coding are required, you should implement and annotate your own solutions. Homework is to be submitted at the date/time specified.  Homework assignments will receive grades based on overall consideration of problem formulation, assumptions, identification of governing equations/concepts, appropriate and documented use of equation solving software, solution validation, and reflection/discussion.
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