Fall 2015
ME 4301-002/5390-001 

Microscale Transport Phenomena
(Tentative syllabus subject to change)

	Instructor
	Hyejin Moon, Ph.D. Associate Professor of Mechanical Engineering
E-mail hyejin.moon@uta.edu   Phone 817-272-2017


	Schedule
	Time: MWF 11:00 – 11:50 am    Room: NH 109


	Office hours
Web page
	MWF 2:00 – 4:00 pm or by appointment 
www.uta.edu/blackboard


	Prerequisites

	MAE 3310 Thermodynamics I and MAE 3314 Heat transfer (or their equivalents)


	Course Description
	This course introduces the fundamentals and applications of micro- and nano- scale transport phenomena, mainly focusing on energy transfer and mass transfer. A central theme throughout the course is a parallel theoretical treatment of the transport and conversion of various energy carriers including electrons, phonons, photons, and molecules in different applications including thermal management of electronics, thermoelectric refrigeration and energy harvesting, solar energy utilization, and laser processing of materials. Some fundamental transport issues in microelectromechanical systems (MEMS) and microfluidics will also be discussed if time permits. Fundamentals of diffusion mass transfer (static and transient) will be discussed.


	Textbook
	No textbook is required. 


	References
	· Tien et. al., “Microscale Energy Transport”, Taylor & Francis
· Chen, “Nanoscale Energy Transport and Conversion”, Oxford Press

· Zhang, “Nano/Microscale Heat Transfer”, McGraw-Hill
· Sobhan and Peterson, “Microscale and Nanoscale Heat Transfer”, CRC Press
· Nolas et al., “Thermoelectrics: Basic principles and new materials developments”, Springer

· Nelson, “The physics of solar cells”, Imperial College Press

· Kovacs, “Micromachines Transducer Source Books”, McGraw Hill
· Daniel V. Schroeder, “An introduction to thermal physics”, Addison Wesley Longman
Students are strongly encouraged to read one of the references. 


	Grading
	Attendance 10%, Journal Club Assignments 20% Final Test 20% 

Final Term Paper 25% Research Presentation 25%
A (Above 90%), B(80 – 89.9%), C(70 – 79.9%), D(below 69.9%)


	Contents
	Introduction to Microscale Heat Transfer

     Energy carriers, Size effects, 
     Thermal properties of solid: material wave and energy quantization

     Electron and phonon transport: lattice vibration and electron energy state

     Boltzmann Transport Equation, Electromagnetic Waves
Microscale Heat Conduction
     Thermal conductivity models, Boltzmann equation, Phonon Transport
Microscale Heat Convection

     Single-phase forced convection, Boiling and two phase flow, condensation

     Microscale convection applications
Fundamentals of thermal radiation: transport by wave
Nanoparticle and nanofluids in heat transfer

Energy conversion
Diffusion mass transfer


Attendance

Attendance will be taken in the BEGINNING of every class. You can sign in the log sheet placed at the front of the classroom. The log sheet will be open for 10 minutes after class begins.  

Journal Club Assignment

This course is designed as an independent learning class. There will be journal club assignments occasionally. Lists of journal papers that the instructor highly recommends to read will be given. Every student needs to pick one of the listed papers, reads it, and summarizes it. Sometimes, only the topic of literature search will be given. Every student should do research on the topic given, choose one journal paper and summarize it.

DO NOT ATTEMPT TO MODIFY the abstract of the paper. Revising activities of the abstract will be easily caught by the instructor. You must read an entire article and summarize it with your own words. Format of assignment is a summary in 2-3 Powerpoint slides. Figures, charts, tables as well as summary texts can be used. 
Your participation in presentation, question and answer will be counted and added to the grading.

Final Test

This will be a take-home test. 

Term project: paper and presentation
Term project is very important part of this course. Purpose of the term project is three-fold: i) Independent research experience, ii) exposure to cutting-edge engineering problems, and iii) training for professional engineer (presentation/writing). Every student should choose his/her own term project topic from the topic pool in the beginning of the course. Throughout the semester, students are expected to conduct independent researches on the topics of their choice. Research activities can be literature survey, web search, attending conferences and meetings, interview with experts in the area and experimental works, but not limited. Students are always welcome to discuss their project with the instructor. Outcomes of the term projects will be demonstrated by two ways - the final presentation and the final term paper. Final presentation will be 15 – 20 minutes for each project. The term paper template (ASME journal format) will be posted. Evaluation will be done by 1) your team member, 2) audiences, and 3) instructor. Detail of evaluation criteria will be posted on Blackboard.
Term project topics 
Choose one and notify to the instructor. First come, first serve.

1. Thermometry and temperature measurement techniques

2. Micro heat pipes

3. Solar cells and photovoltaic power conversion

4. Thermoelectrics

5. Energy scavenge and energy harvesting technologies

6. Energy storage concepts and technologies

7. Heat transfer in biological systems
8. Phase change and two-phase flow in microchannels

9. Microconvection in nanofluids

10. Natural convection effect in various heating conditions

11. Effect of Brownian motion in microscale convection

12. Superconducting materials and films

13. MEMS power generation (Micro heat engine, micro gas turbine etc.)

14. Propose your own: you need to consult the instructor and get approval of your own topic
