EE-419: Fuel cells

SPRING 2011

Course No: ELEG 419

Title: Fuel Cells

Credits: 3

Instructor: Linfeng Zhang

Office Hours: Tuesday, Wednesday 9.00AM-12.00PM

Office: Technology Building 158

Phone: 203-576-4249

Email: lzhang@bridgeport.edu
Course meeting time: 

Course meeting location:

Course Description:


A fuel cell is an electrochemical battery that can convert the energy from a fuel into electrical power with high efficiency and zero emission. Much attention has been put recently to the development of fuel cell systems for the application in stationary system, portable devices, transportation, and infrastructure.


The fundamental principles applied to fuel cells including the relevant electrochemistry, thermodynamics, and transport processes, will be presented in this course. The primary focus will be on fundamental principles and processes in proton exchange membrane fuel cells, direct methanol fuel cells, and solid oxide fuel cells. Special topics in the cutting-edge technologies including the future direction of fuel cell technology will also be discussed. Students will have an opportunity to directly operate a fuel cell and electrolyser as part of a hand-on laboratory experience. A course project will focus on the design of a smart grid power system.

Course Objectives:


This course is motivated from the strong need to prepare the next generation of inter-disciplinary engineers with a comprehensive background in clean energy based on fuel cell science and technologies. The lectures are also designed to stimulate student’s interest in research. At the end of the course, the students are expected to:

(1) Be able to apply fundamentals of electrochemistry, thermodynamics, fluid mechanics, and heat and mass transfer, as appropriate, to design or review designs of components of fuel cells and fuel cell systems.

(2)  Be able to describe the fundamentals of electrochemistry, electrochemical potentials, and perform calculations for various losses in fuel cells. 

(3)  Be able to apply basic principles of reducing losses in fuel cells in their engineering career. 

(4) Be able to perform modelling of the smart grid power system with distributed fuel cell power sources.

Textbook:

Fuel Cell Systems Explained (Second Edition), James Larminie and Andrew Dicks, Wiley, ISBN: 978-0470848579, 2003

Reference Books:

· Modeling and Control of Fuel Cells, M.Hashem Nehrir, Caisheng Wang, Wiley, ISBN: 978-0470-23328-3, 2009

· Principles of Power Electronics, John G.Kassakian, Martin F. Schlecht, George C.Verghese, Addison Wiley, ISBN:0-201-09689-7, 1991

Software: Matlab/Simulink

Course Outline:


Introduction


Thermodynamics(enthalpy, entropy, Gibbs free energy, reversible process)


Electrochemistry(reversible battery, Nernst equation)


Heat and mass transfer


Efficiency and open circuit voltage


Operational fuel cell voltages

· Activation losses

· Fuel cross over and internal currents

· Ohmic losses

· Mass transport or concentration losses

· The charge double layer


Proton exchange membrane fuel cell

· Electrode structure

· Water management

· FC Cooling and connection

· Operating conditions


Experiment 1: PEM Fuel Cell characterization

Midterm Exam (Date:TBA)


Alkaline electrolyte fuel cell

· Historical background and Overview

· Types of Alkaline Electrolyte Fuel Cell

· Operating pressure and Temperature

· Electrodes for Alkaline Electrolyte Fuel Cells

· Cell Interconnections


Direct Methanol Fuel cell

· Introduction

· Anode reaction and Catalysts

· Electrolyte and Fuel Crossover

· Cathode reactions and catalysts

· Methanol Production, Storage, and safety


Solid oxide fuel cell

· How it works

· SOFC Components

· Practical Design and Stacking arrangements for the SOFC

· SOFC Performance

· SOFC Combined Cycles, Novel System Designs and Hybrid Systems

· Intermediate Temperature SOFCs


Hydrogen generation and storage

· Electrolyzer

· Hydrogen storage


Experiment 2: Hydrogen generation with electrolyser

Delivering fuel cell power

· DC Regulation and Voltage Conversion

· Inverters(Single phase, Three phase, Regulatory issues and tariffs, Poer factor correction)

· Electric Motors(The Induction Motor, The Brushless DC Motor, Switched Reluctance Motors, Motors Efficiency, Motor Mass)

· Fuel cell/battery or capacitor hybrid systems


Fuel cell system analysis (simulation of smart power grid with distributed FC generators)


Final Exam(Date:TBA)

Special Topics in the research and development of fuel cell

Final Project Due(Date:TBA)
Grade Distribution:

Homework Assignments:    15%


(Including lab experiments)


Attendance:

         10%


Midterm Exam 1:                 30%


Midterm Exam 2:
          25%


Project:

          20%

Grade Curves:

A=95-100, A-=90-94, B+=85-89, B=80-84, B-=75-79, C+=70-74, C=65-69, C-=60-64, 

            F<=59

Attendance:


You are expected to attend every class session in its entirety. Do not schedule other classes or commitments that conflict with any part of the time during which your class section is scheduled.

Cheating policy:

It is the student’s responsibility to familiarize himself with and adhere to the standards set forth in the policies on cheating and plagiarism as defined in chapters 2 and 5 of the Key to UB (http://www.bridgeport.edu/pages/2623.asp) or the appropriate graduate program handbook.

Note:
1. Please make sure that you have access rot h eUB Blackboard system (http://blackboard.bridgeport.edu/). I will use this system to inform you about the class material and schedules.

2. Homework assignments are individual and are an important part of the course. They must be submitted before the end of the class on the due date. Please do not submit anything by email.

3. This course requires computer simulation with Matlab and this software is available in the Computer Lab in the Technology building.

