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Preface

These are notes and reading material being prepared during Spring, 2009 as part of a three-
credit, self-study, elective course on Energy Systems. The purpose is to develop textual material
for a regular course on the subject to be offered in the future for mechanical and aerospace engi-
neering seniors interested in the generation, storage and usage of energy in mechanical and thermal
systems. Students would normally have taken courses in mathematics, thermodynamics, solid and
fluid mechanics, and heat transfer.

This text is designed as outside-class reading to complement in-class lectures. Supplemen-
tary homework will be assigned, along with individual research projects and state of the art reviews
of selected topics with in-class presentations, mid-term and final reports.

Mihir Sen
Department of Aerospace and Mechanical Engineering

University of Notre Dame

Copyright c© by M. Sen, 2009.
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Introduction

1.1 Historical background
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source is natural, due to lightening strikes, for example. Later, rubbing one wooden stick or piece
of flint against another would become a more reliable way of starting a fire.

[4, 11, 15, 17, 29, 35, 36, 39]
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