
Contents 

PART 1  EXOTHERMICITY  1 

1 Thermodynamic Aspects ...........................................................  3 
1.1 Combustion System ...........................................................  3 
1.2 Dynamic Properties............................................................  6 

1.2.1 Dynamic Potential ...............................................  7 
1.2.2 Data......................................................................  8 
1.2.3 Functions .............................................................  11 

1.3 Thermodynamic Properties ................................................  16 
1.3.1 Thermodynamic State..........................................  16 
1.3.2 Processes..............................................................  18 
1.3.3 Thermodynamic Parameters ................................  19 
1.3.4 Coordinate transformation ...................................  21 
1.3.5 Isentropic Relationships ......................................  23 
1.3.6 Closed System .....................................................  24 
1.3.7 Procedure .............................................................  28 
1.3.8 Control Logistics .................................................  31 

1.4 Production Engine..............................................................  36 
1.4.1 Full Load..............................................................  37 
1.4.2 Part load...............................................................  42 

2 Evolutionary Aspects .................................................................  45 
2.1 Introduction........................................................................  45 
2.2 Biophysical Background ....................................................  46 
2.3 Physico-chemical Background...........................................  49 
2.4 Combustion Background....................................................  52 
2.5 Vibe function .....................................................................  55 
2.6 Life function.......................................................................  58 

3 Heat Transfer Aspects ...............................................................  63 
3.1 Introduction........................................................................  63 
3.2 Experiments .......................................................................  64 



XVIII      Contents 

3.3 Analysis..............................................................................  68 
3.4 Pressure Diagnostics ..........................................................  72 

3.4.1 Dynamic Aspects .................................................  72 
3.4.2 Thermal Aspects ..................................................  74 

4 Chemical Kinetic Aspects ..........................................................  81 
4.1 Introduction........................................................................  81 
4.2 Principles............................................................................  82 

4.2.1 Formulation .........................................................  82 
4.2.2 Illustration............................................................  84 
4.2.3 Phase space ..........................................................  86 
4.2.4 Ignition limits ......................................................  88 

4.3 Exothermic Center .............................................................  89 
4.3.1 Formation.............................................................  89 
4.3.2 Strong ignition limit.............................................  93 

4.4 Engine Combustion............................................................  96 
4.4.1 Status Quo............................................................  96 
4.4.2 Prognosis .............................................................  102 

PART 2  FIELD  115 

5 Aerodynamic Aspects.................................................................  117 
5.1 Introduction........................................................................  117 
5.2 Transport ............................................................................  117 
5.3 Velocity Field.....................................................................  118 
5.4 Rotational Component .......................................................  119 
5.5 Irrotational Component ......................................................  120 
5.6 Multi-Fluid Systems...........................................................  121 
5.7 Front...................................................................................  125 

6 Random Vortex Method ............................................................  127 
6.1 Background ........................................................................  127 
6.2 Formulation........................................................................  127 
6.3 Vortex dynamics ................................................................  130 

6.3.1 Vortex blobs ........................................................  130 
6.3.2 Vortex sheets .......................................................  134 
6.3.3 Algorithm.............................................................  137 

6.4 Source blobs.......................................................................  139 
6.5 Implementation ..................................................................  140 



Contents      XIX 

6.6 Applications .......................................................................  143 
6.6.1 Turbulent Combustion behind a Step ..................  143 
6.6.2 Turbulent flow fields in channels with sudden 

expansion .............................................................  150 
6.6.3 Turbulent jets in a piston-compressed channel....  153 
6.6.4 Turbulent combustion in rectangular channels....  157 

7 Gasdynamic Aspects ..................................................................  161 
7.1 Formulation........................................................................  161 
7.2 One-dimensional Flow Fields ............................................  163 
7.3 Method of Characteristics ..................................................  164 
7.4 Exothermic Center .............................................................  171 

8 Fronts and Interfaces .................................................................  177 
8.1 Introduction........................................................................  177 
8.2 Change of State ..................................................................  178 
8.3 Front Parameters ................................................................  179 
8.4 Hugoniot Curve..................................................................  180 
8.5 Linear State Trajectories ....................................................  183 
8.6 Propagating Fronts .............................................................  188 
8.7 Simple Waves ....................................................................  194 
8.8 Double Fronts.....................................................................  197 
8.9 Oblique Fronts ...................................................................  202 
8.10 Prandtl-Meyer Expansion ..................................................  206 

8.10.1 Kinematic Relations ............................................  206 
8.10.2 Thermodynamic Relations...................................  207 
8.10.3 Expansion Fan .....................................................  208 

8.11 Front Interactions ...............................................................  210 
8.11.1 Shock Tube ..........................................................  211 
8.11.2 Head-on Collision of a Shock Front 

with a Deflagration ..............................................  213 
8.11.3 Shock Merging ....................................................  215 
8.11.4 Merging of a Shock Front 

with a Rarefaction Fan.........................................  216 
8.12 Front Intersections .............................................................  218 

8.12.1 Arrowhead Intersection .......................................  220 
8.12.2 Mach intersection of Shock Fronts ......................  222 
8.12.3 Mach intersection of shock 

and detonation fronts ...........................................  223 
8.12.4 Collision of a Mach intersection with a wall .......  225 
8.12.5 Intersections of Fronts of Explosions ..................  227 



XX      Contents 

PART 3  EXPLOSION  229 

9 Blast Waves.................................................................................  231 
9.1 Background ........................................................................  231 
9.2 Coordinates ........................................................................  234 

9.2.1 Front ....................................................................  235 
9.2.2 Field .....................................................................  236 

9.3 Formulation........................................................................  236 
9.4 Blast Wave Coordinates.....................................................  239 
9.5 Eulerian Space Profiles ......................................................  241 
9.6 Eulerian Time Profiles .......................................................  242 
9.7 Lagrangian Time Profiles...................................................  243 
9.8 Expanded Form..................................................................  244 
9.9 Autonomous Form .............................................................  245 
9.10 Boundary Conditions .........................................................  248 
9.11 Integral Functions ..............................................................  251 

10 Self-Similar Blast Wave .............................................................  255 
10.1 Introduction........................................................................  255 
10.2 Formulation........................................................................  256 
10.3 Phase Plane ........................................................................  259 
10.4 Front...................................................................................  263 
10.5 Field ...................................................................................  265 
10.6 Analytic Solution ...............................................................  269 
10.7 Atom Bomb Explosion.......................................................  272 

11 Phase Space Method...................................................................  275 
11.1 Background ........................................................................  275 
11.2 Formulation........................................................................  277 

11.2.1 Coordinates..........................................................  277 
11.2.1 Constitutive Equations.........................................  277 

11.3 Procedure ...........................................................................  279 
11.4 Results................................................................................  282 

12 Detonations .................................................................................  299 
12.1 Introduction........................................................................  299 
12.2 Development ......................................................................  300 
12.3 Structure.............................................................................  321 
12.4 Detonation Spin .................................................................  330 
12.5 Classical Literature ............................................................  332 



Contents      XXI 

References ...........................................................................................  345 

Nomenclature......................................................................................  361 
Symbols........................................................................................  361 
Vectors .........................................................................................  363 
Subscripts .....................................................................................  363 

Subject Index ......................................................................................  365 
 

 



http://www.springer.com/978-3-540-77363-4


