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EGEE 430 / ME 430 
INTRODUCTION TO COMBUSTION 

Fall 2018 

Canvas: FA 18 ME/EGEE 430 Intro to Combustion (Haworth) 

Class Time/Location 12:20 – 1:10 PM MWF, Wartik Lab 110 

Instructor Dr. Daniel C. Haworth 
140 Research East Building 
863-6269     dch12@psu.edu (best way)

Office Hours 9:30 – 11:30 AM, MWF, commons area on 1st floor of Reber Building 
The instructor will let students know if he will not be available at that time 
Other times by appointment 

TAs Casey Bate and Naman Jain 

Text Stephen R. Turns, An Introduction to Combustion: Concepts and 
Applications, Third edition, McGraw Hill, 2012. 

Grading Assignments (~10) 50% 
Quizzes (2) 15% 
Exams (2) 35% 

Objectives The objectives of this course are: 
1) To integrate core undergraduate ME/EGEE/ChemE subjects (physical

chemistry, engineering mathematics, thermodynamics, heat and mass
transfer, fluid mechanics) into a coherent introductory treatment of
combustion.

2) To prepare the student for professional practice and/or further study in
the field. At the end of this course, the student should be able to
analyze and design basic reacting hydrocarbon-air systems for
performance, energy efficiency, and pollutant emissions.

3) Demonstrate professionalism in interactions with colleagues, faculty,
and staff.

Assignments Assignments will vary in nature and length. The time allowed to complete 
each assignment and the points assigned to each assignment will vary 
accordingly. Students are encouraged to discuss assignments with one 
another to the extent that they find that to be beneficial – but each student 
is to turn in an individual solution that represents primarily his/her own 
effort. Each student is to upload his/her solution to Canvas by the end of 
the day (11:59 PM U.S. Eastern Time) on the specified due date. Specific 
submission instructions will be provided with each assignment. Late 
assignments will not be accepted, unless prior arrangements have been 
made with the instructor. 

Software Use The open-source Cantera software (http://www.cantera.org) will be used 
throughout the course. The instructor will show examples in lecture, and 
each student will need to install and run Cantera to complete the 

Sample Syllabus

mailto:dch12@psu.edu
http://www.cantera.org/
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assignments. Installation and “getting started” instructions will be provided 
during the first week of the semester.  

 
Quizzes & Exams Quizzes and exams are to be individual efforts. For each quiz and exam, 

every student will be required to certify that he/she did not receive any 
assistance from anyone else, and did not provide assistance to anyone 
else. See “Adjustments” and “Academic Integrity” below. 

 
Class Preparation Prerecorded videos that cover some course material will be posted on 

Canvas. Each video will have a “view-by” date. Each student is expected to 
view the video and to digest the information in the video by that date. In 
most cases, we will not use class time to repeat the material that is covered 
in the prerecorded videos. Class time will be used to build on the material, 
work through examples, etc. 

 
Class Meetings An outline (.pdf file) for each section of material that will be covered in class 

will be posted on Canvas before the class meeting where the material is 
discussed. Each student should download or print out the outline, and bring 
that to class. The instructor will work through and fill in the outline during 
class, and each student can fill in his/her copy as he/she follows along. The 
instructor will also work additional examples that are not included in the 
outline. Video and audio will be recorded during each class meeting, and 
the recordings will be posted on Canvas after each class meeting. 
However, the filled-in outlines themselves and worked-through additional 
examples will not be posted on Canvas. 

 
Text Reading Chapter numbers in Turns 2012 for each section of course material are 

provided in the course outline that follows (starting on p. 4). At the start of 
each section of course material, the instructor will point out which sections 
of each chapter will be covered. We will not cover everything that is in each 
chapter, and the instructor will bring in supplementary material, in addition 
to the text. Students are expected to keep up with the reading through the 
semester. It should be clear from the prerecorded modules, in-class 
material, and assignments what material the students are expected to 
know (e.g., for quizzes and exams).  

 
Canvas Canvas will be the principal means for distributing course material and 

information. Students should check the Canvas course site regularly. The 
most important areas for this course are “Modules” (a week-by-week 
breakdown of course material and assignments, and lecture recordings as 
available after each lecture) and “Files” (syllabus, prerecorded videos, 
outlines of each section of material that will be covered in class, homework 
assignments and solutions, Cantera scripts, etc.). All graded assignments 
will be submitted through Canvas. 

 
Adjustments Students who seek an academic modification or adjustment to minimize or 

eliminate the impact of a disability should discuss that with the instructor 
early in the semester. Penn State’s policy can be found at 
http://equity.psu.edu/ods/considering-penn-state/reasonable-
accommodations.  

 

http://equity.psu.edu/ods/considering-penn-state/reasonable-accommodations
http://equity.psu.edu/ods/considering-penn-state/reasonable-accommodations
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Academic Integrity Students are encouraged to discuss assignments with one another to the 
extent that they find that to be beneficial – but each student is to turn in an 
individual solution that represents primarily his/her own effort. Quizzes and 
exams are to be individual efforts. Failure to abide by these rules, or the 
commission of any other deliberately dishonest act, may result in failure of 
the course with no late drop permitted. An example of a dishonest act 
would be getting help from, or giving help to, another student on a quiz or 
exam. See also http://www.engr.psu.edu/AcademicIntegrity/default.aspx. 

 
CAPS Counseling and Psychological Services (CAPS) can help students resolve 

personal concerns that may interfere with their academic progress, social 
development, and satisfaction at Penn State. You can contact CAPS by 
calling the Main CAPS number/Appointment Scheduling between the hours 
of 8 AM and 5 PM, Monday through Friday. You can also visit their office 
on the fifth floor of the Student Health Center. Or for 24/7 Crisis Services, 
you can call 1-877-229-6400 or Text “LIONS” to 741741. Further 
information can be found at https://studentaffairs.psu.edu/counseling.  

 
 

http://www.engr.psu.edu/AcademicIntegrity/default.aspx
https://studentaffairs.psu.edu/counseling
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Course Outline (timings are approximate) 
 
1. Introduction – Chs. 1,17 (Week 1) 

I. Motivation 
A. Energy and combustion 
B. Application examples 
C. Issues 

II. Elements of combustion 
A. Introductory example - Bunsen burner 
B. Scope of this course 

III. Fuels 
A. Specification of composition 
B. Fuel molecule structure and naming conventions 

     
2. Combustion Thermochemistry – Ch. 2 (Weeks 2-5) 

I. Thermodynamics review 
A. Properties 
B. Moles and mass 
C. Ideal gases 
D. Equations of state 
E. Other relationships among properties 
F. Entropy 
G. Mixtures 

II. Stoichiometry 
A. Element conservation 
B. Introductory example: fuel + oxidizer → products 
C. Air 
D. Extension to general hydrocarbon + air → products 

III. First-law concepts 
A. General statement and concepts 
B. The energy equation 
C. Quantification of chemical energy 
D. Adiabatic flame temperature 

IV. Second-law concepts 
A. The general idea: Chemical equilibrium 
B. An approach to find Gmin 
C. Standard approximations for hydrocarbon-air systems 
D. General approach to equilibrium problems 

 
3. Chemical Kinetics – Chs. 4,5,15 (Weeks 5-7) 

I. Motivation and scope 
II. Elementary reactions 

A. Bimolecular reactions 
B. Reversible reactions 
C. 3-body reactions 

III. Multistep elementary reaction mechanisms 
A. Compact notation 
B. Chain reactions and radicals 
C. Unimolecular reactions and the steady-state approximation 
D. Partial equilibrium 
E. Other examples 
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IV. Elementary and global hydrocarbon-air reaction mechanisms 
A. Elementary mechanisms for >C2 paraffins 
B. Global mechanisms 

V. Pollutant emissions 
A. Key pollutants in hydrocarbon-air combustion 
B. Counting and reporting 
C. Emissions from premixed combustion systems 

 
-------------------- ~halfway through the semester -------------------- 
 
4. Homogeneous Systems – Ch. 6 (Weeks 8-9) 

I. Motivation and scope 
II. Explosions: A simplified theory 

A. Introduction 
B. Thermal explosions 
C. Chain-branching explosions 

III. Constant-pressure and constant-volume reactors 
A. Constant-pressure fixed-mass reactor 
B. Constant-volume fixed-mass reactor  
C. Chain-branching explosions 

IV. Well-stirred reactor 
A. Introduction 
B. Governing equations 

  
5. The PDEs of Chemically Reacting Flows – Chs. 3,7 (Weeks 10-11) 

I. Molecular transport properties 
A. Introduction 
B. Dimensionless parameters 
C. Mixtures (ideal gases) 

II. Conservation equations: Steady 1D planar geometry (still ODEs) 
A. Conservation of mass (continuity) 
B. Species conservation 
C. Conservation of momentum 
D. Conservation of energy 

III. Mixture fractions and progress variables 
A. Conserved scalars 
B.  Reaction progress variables 
 

6. Laminar Flames – Chs. 8,9 (Weeks 12-13) 
I. Laminar premixed flames 

A. Qualitative description 
B. A simplified theory for 1D steady laminar flames 
C. Trends and dependencies 
D. Detailed transport and chemical kinetics 

II. Laminar diffusion (nonpremixed) flames 
A. Qualitative description and examples 
B. A steady 1D laminar diffusion flame 
C. Steady opposed-flow laminar diffusion flames 
D. Steady axisymmetric laminar jet flames 
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7. Turbulent Flames – Chs. 11,12,13 (Weeks 14-15) 
I. Introduction and motivation 
II. Turbulence 

A. Introductory example 
B. Statistics 
C. Scales of turbulence 

III. Premixed turbulent flames  
A. Dimensional analysis 
B. Practical devices 
C. A simple model 

IV. Nonpremixed turbulent flames 
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