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Preface 

The numerical simulation of combustion processes in internal combustion engines, including 

also the formation of pollutants, has become increasingly important in the recent years, and 

today the simulation of those processes has already become an indispensable tool when de-

veloping new combustion concepts. While pure thermodynamic models are well-established 

tools that are in use for the simulation of the transient behavior of complex systems for a long 

time, the phenomenological models have become more important in the recent years and have 

also been implemented in these simulation programs. In contrast to this, the three-

dimensional simulation of in-cylinder combustion, i.e. the detailed, integrated and continuous 

simulation of the process chain injection, mixture formation, ignition, heat release due to 

combustion and formation of pollutants, has been significantly improved, but there is still a 

number of challenging problems to solve, regarding for example the exact description of sub-

processes like the structure of turbulence during combustion as well as the appropriate choice 

of the numerical grid. 

While chapter 2 includes a short introduction of functionality and operating modes of internal 

combustion engines, the basics of kinetic reactions are presented in chapter 3. In chapter 4 the 

physical and chemical processes taking place in the combustion chamber are described. Chap-

ter 5 is about phenomenological multi-zone models, and in chapter 6 the formation of pollut-

ants is described. In chapter 7 and chapter 8 simple thermodynamic models and more com-

plex models for transient systems analyses are presented. Chapter 9 is about the three-

dimensional simulation of combustion processes in engines. 

We would like to thank Dr. B. Settmacher for reviewing and formatting the text, for preparing 

the layout, and for preparing the printable manuscript. Only due to her unremitting dedication 

and her excellent time management the preparation of this book has been possible in the 

given timeframe. Further on, we would also like to thank Mrs. C. Brauer for preparing all the 

figures and diagrams contained in this book. The BMW group and the DaimlerChrysler AG 

contributed to this book by releasing the figures they provided. Last but not least, we would 

like to thank the Springer-Verlag for the always excellent collaboration. 

This book is largely a translation of the second German edition, which has been published in 

2004 by the B.G. Teubner-Verlag, whereas the text has been updated if necessary. We would 

like to thank Mr. Aaron Kuchle for translating the text into English. 

Hannover/München/Friedrichshafen/Stuttgart, July 2005 Günter P. Merker 

 Christian Schwarz

 Gunnar Stiesch 

Frank Otto 
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50 mfb 50 % mass fraction burned 

bb blow-by 

BDC bottom dead center 

BTDC before top dead center 

CA crank angle 

CAC charge air cooler 

CAI controlled auto-ignition 

cc combustion chamber 

CD combustion duration 
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CCTDC charge change top dead center 

CFD computational fluid dynamics 

DI direct injection 
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DS delivery start 

dv dump valve 
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EIVC early intake valve close 

FEM finite element method 

HCCI homogeneous charge compression ignition 
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IGD ignition delay 

IND injection delay 

ip injection pump 

IP injection process 

IT ignition time 
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IV intake valve 
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IVO intake valve open 

LES large-eddy-simulation 

LIVC late intake valve close 

mcp mass conversion point 
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nn neuronal network 

oc oil cooler 

OHC-equ. oxygen-hydrogen-carbon-equilibrium 

op oil pan 
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Symbols

A  surface [ 2m ]

kinematics of the Bolzmann equation variable α
 parameter Zacharias

temperature difference Heider [ K ] 
*

A  temperature difference Heider [ K ] 
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premA  combustion model parameter 

a  Vibe heat release rate constant 

sonic speed [ m / s ] 

thermal diffusivity [ sm2
/ ]

gradient „crooked coordinates“ 

parameter knocking criterion 

reference opening path thermostat 

B  function Heider 

10 , BB  breakup model constants 

b  breadth [ m ] 

parameter knocking criterion 

eb  specific fuel consumption [ g / kWh ] 

C  function Lax Wendroff 

 constant 

heat transfer Woschni constant 

1C  Woschni constant 

2C  Woschni constant [ )Ks/m ( ]
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CD  combustion duration [ Grad ] 

Cou  Courant number 
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spring rate [ N / m ] 
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velocity [ m / s ] 

 constant 
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parameter knocking criterion 
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)i(c  species mass fraction of the species no. i

ci  stock concentration 

fc  constant friction method fan 
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pc  piston velocity [ m / s ] 
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mu cc /  swirl number 

xc  mixture fraction variance transport equation model constants 

321
,, εεε ccc ε -equation model constants 

µc  turbulence model constant 
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D  diffusion constant 

diameter [ m ] 

 parameter Zacharias

cylinder diameter [ m ] 

RD  inverse relaxation time scale of a drop in turbulent flow [ 1s− ]

t∂
∂

 partial differential 

d  wall thickness [ m ] 

diameter [ m ] 

damping factor [ kg / s ] 

fd  fan diameter [ m ] 

md  medium turbine diameter [ m ] 
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E  energy flow [ J / s ] 
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