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1 Course Outline

The course covers advanced topics in conduction and convection. Upon completion of this
course, you will be able to:

• Identify the mechanism(s) of heat transfer. Derive the conservation equations, and cor-
responding initial and boundary conditions.

• Transform the problem to an analytically solvable form through assumptions and/or
combination of parameters and transformation of variables.

• Apply appropriate solution techniques depending on the dimensionality (1D, 2D, 3D),
time-dependence (steady state, unsteady state), and geometry (Cartesian, cylindrical,
spherical coordinates).

• Calculate temperature profiles and determine their sensitivity to system parameters and/or
initial and boundary conditions.

The broad themes are listed below. Topics may be added or omitted depending on time
constraints and student interests.

1.1 Conduction

1. Introduction to modes of heat transfer and conservation equations

2. One-dimensional steady state conduction in Cartesian coordinates

3. One-dimensional steady state conduction in cylindrical coordinates – Series methods,
Bessel functions

4. Unsteady state conduction – Separation of variables, Variation of parameters

5. Two-dimensional conduction – Finite Fourier Transforms

6. Types of boundary conditions

7. Conduction with moving boundary – Freezing and Melting

8. Special topics – Conduction with periodic boundary conditions

9. Special topics – Conduction with temperature-dependent material properties



1.2 Convection

1. Heat transfer due to free or natural convection

2. Forced convection with laminar flow – Steady state heat transfer in tubes

3. Boundary layer theory – momentum and thermal boundary layers, similarity methods

4. Heat transfer in turbulent flow – velocity distribution, time averaging, Prandtl mixing
length, wall friction

5. Heat transfer in turbulent flow – flat plates and pipes

6. Special topics - TBA

2 Course Materials

There is no prescribed text book for the course. Mathematical techniques that will be applied
in this course have been covered in CHE 501. Useful references include:

• W.M. Deen, Analysis of Transport Phenomena, 2nd ed. (Oxford University Press, 2012)

• R. B. Bird, W. E. Stewart, and E. N. Lightfoot, Transport Phenomena, 2nd revised
edition (Wiley, 2007)

3 Important Dates

1. Holidays: 01/15, 02/19, 03/12, 03/14

2. Mid term: 03/07

3. Final: 05/02

4 Evaluation

On-campus DEN-admitted
Homework 10 20
Class participation* 10 -
Mid-term 40 40
Final 40 40

*Includes attendance, active participation in the classroom, and pop-quiz scores.



4.1 Homework

• Homework will be assigned every week starting from Week 2

• Homework will be due one week from the date of assignment

• Homework submitted a day late will incur a 20% penalty

• The submission window closes 1 day after the due date

• Homework must be submitted online (scan/pdf) using the DEN interface

• The filename for submission must follow this specific format – e.g. if a person John Doe
is submitting homework 2, the filename will be CHE544Homework2 JohnDoe.pdf

5 Office Hours

• Instructor: Instructor office hours will be held between 9 and 10 am every Tuesday at
HED206.

• Teaching assistant: TA office hours will be announced soon.

• Students are encouraged to fully utilize instructor and TA office hours. Emails to the
instructor are discouraged.

• The DEN interface has a forum feature that can be used to discuss course topics and
questions with peers.

6 Statement for Students with Disabilities

Any student requesting academic accommodations based on a disability is required to register
with Disability Services and Programs (DSP) each semester. A letter of verification for approved
accommodations can be obtained from DSP. Please be sure the letter is delivered to me (or to
TA) as early in the semester as possible. DSP is located in STU 301 and is open 8:30 a.m. to
5:00 p.m., Monday through Friday. The phone number for DSP is (213) 740-0776.

7 Academic Conduct

Plagiarism: Presenting someone else’s ideas as your own, either verbatim or recast in your
own words is a serious academic offense with serious consequences. Please familiarize your-
self with the discussion of plagiarism in SCampus in Section 11, Behavior Violating Univer-
sity Standards – (https://scampus.usc.edu/1100-behavior-violating-university-standards-and-
appropriate-sanctions/ ). Other forms of academic dishonesty are equally unacceptable. See
additional information in SCampus and university policies on scientific misconduct (http:
//policy.usc.edu/scientific-misconduct/).
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Discrimination: Discrimination, sexual assault, and harassment are not tolerated by the uni-
versity. You are encouraged to report any incidents to the Office of Equity and Diversity (http:
//equity.usc.edu/) or to the Department of Public Safety (http://capsnet.usc.edu/department/
department-public-safety/online-forms/contact-us). This is important for the safety whole
USC community. Another member of the university community such as a friend, classmate,
advisor, or faculty member can help initiate the report, or can initiate the report on behalf of
another person. The Center for Women and Men (http://www.usc.edu/student-affairs/cwm/)
provides 24/7 confidential support, and the sexual assault resource center webpage (http:
//titleix.usc.edu/) describes reporting options and other resources.

8 Support Systems

A number of USC’s schools provide support for students who need help with scholarly writ-
ing. Check with your advisor or program staff to find out more. Students whose primary
language is not English should check with the American Language Institute (http://dornsife.
usc.edu/ali), which sponsors courses and workshops specifically for international graduate stu-
dents. The Office of Disability Services and Programs (http://sait.usc.edu/academicsupport/
centerprograms/dsp/home index.html) provides certification for students with disabilities and
helps arrange the relevant accommodations. If an officially declared emergency makes travel
to campus infeasible, USC Emergency Information (http://emergency.usc.edu/) will provide
safety and other updates, including ways in which instruction will be continued.
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