Contents

Foreword . . . .. ... ... . ... ix
Preface . ... ... .. . . ... Xi
Introduction . . . ... ... XV
Chapter 1. Motorization and Reflection on Ideal Engines . . . .. .. 1
1.1. Motorization for anaircraft . . .. ... ..... ... ... ... ... .. 1
L.I.1.Helicopters. . . . . .. .. e e 1
LI12 Aireraft. . .. oo 19
1.1.3. Compound formulas . . . . . ........ . ... ... .. ..... 22

1.2. Motorization for an automobile . . . . . ... ... ... ... L. 25
1.2.1. Determining tractive force and useful power. . . . . ... ... ... 25
1.2.2. Definition of ideal transportation powertrain. . . . . . ... ... .. 30
1.3.Conclusion . . . ... ... ... ... 33
Chapter 2. Engine Technologies. . . . .. ................... 35
2.1.Introduction. . . . ... ... 35
22.Gasturbines . . .. ... 36
2.2.1. General operating principles . . . . . ... ... ... ... ... 36
2.2.2. Improvement of gas turbines . . . . . . ... ... ... ... ..... 79

23 Electricmotors. . . . . . ... 87
2.3.1. Introduction to electricmotors . . . . . . ... ... ... ... .. .. 87
2.3.2. Use of electric motors and mission profile . . . . ... ... ..... 93
2.3.3. Electric motor technologies for propulsion. . . . ... ... ..... 101

2.3.4. Examples of specific propulsion systems and applications . . . . . 105



vi  Energy and Motorization in the Automotive and Aeronautics Industries

2.4. Internal combustion engine pistons. . . . . . ... ... ... ...
2.4.1. Theoretical thermodynamic cycles. . . . ... ... ..........
242 Realcycles. . .. ... e

25.Conclusion . . ...

Chapter 3. Power Transmission Elements . . . . . .. ... .... .. ..

3.1. Transmission system for rotating wings . . . . ... ... .........
3.1.1. Conventional helicopters . . . .. ....................
3.1.2. The case of multi-rotor structures . . . . .. ... ...........

3.2. Transmission system for aircraft . . . . ...................
3.2.1. Propeller aircraftcases. . . . . ......................
3.2.2. Turbojet aircraft. . . . ... ........ ... ...... ... .....

3.3. Transmission system for the automotive industry . . . . .. .......
3.3.1. Gasoline or diesel internal combustion engines . . . . ... ... ..
3.3.2. Thecase of electricmotors . . . . .. ..................

34.Conclusion . . . ...

Chapter4.Energy Storage . . . . . ........................

4.1. Classification of energy sources. . . . . . .. .... ... ... ....
4.1.1. Primary €nergy SOUICES . . . . . o v v v v v v et e e e e e e e e
4.1.2. Energy carrier CONCePt. . . o v v v v v v v e e e e e
4.1.3. Use of different energy sources in automotive
and aeronautical transport. . . . . .. ... ...

4.2. Energy storage fortransport . . . . . .. ... ... ... ...
4.2.1. Different forms of energy storage . . . . .. ..............
4.2.2. Different energy storage technologies. . . . ... ...........

4.3. Forms of hydrogen storage. . . . . ... ........... .. ......
4.3.1. Storagein gaseous form . . . . ... ... ...
43.2.Storageinliquidform . . . ... ... ... oL
43.3.Storageinsolidform. . . . . ... ... oL
4.3.4. Comparison of diesel fuel tanks and automotive batteries . . . . . .

44.Conclusion . . ... ... L

Chapter 5. Hybridization . . . ... ........................

5.1. Hybridization of electric motors: range extender. . . . .. ... ... ..
5.1.1. Application examples for the automotive industry . . . . ... ...
5.1.2. Application examples for aeronautics. . . . ... ...........

5.2. Hybridization of combustion engines: improving energy efficiency . .



Contents  vii

5.2.1. Interest in parallel hybridization . . . . ... .............. 232
5.2.2. Classification of electrical hybridization: the case
ofthe automobile. . . . . ... ... ... ... 234
5.2.3. Implementation of hybridization in the case of the automobile. . . 255
53.Conclusion . . . ... 263
References. . . . ... ... .. . . ... 265



