
 
Joint Meeting: French and Italian Sections – IFRF and The Combustion Institute 

 
KINETIC MODELING OF HCCI COMBUSTION 

 
M. Bissoli, A. Cuoci, A. Frassoldati, T. Faravelli, E. Ranzi 

mattia.bissoli@polimi.it 
Politecnico di Milano, dep. CMIC, Piazza Leonardo da Vinci 32, 20133 Milano, Italy 

 
 
The ever increasingly stringent emissions standards and the promises of improving fuel 
efficiency, have lead cars manufacturers to see in the HCCI technology the future for the 
transportation IC engines. This paper presents a multi-zone quasi-dimensional model 
developed for describing the HCCI combustion inside a four stroke single cylinder engine. 
The model discretizes the reacting volume into several concentric zones, each of which is 
considered as a well-mixed reactor with time-variable volume. Heat and mass diffusion 
exchanges between neighboring zones, both laminar and turbulent, are described, as well as 
the effects of the residual burned gasses. 
The initial dimension of the zones depends on the number of sub-domain selected by the 
user. At time zero, all the zones have the same thickness. During the cycle, the size of each 
zone changes according to the geometrical constrain and the density variations due to the 
dynamic of the system. To improve the accuracy in the description of the near-wall 
phenomena, the heat transfer model is based on the solution of a 1-D energy equation 
written for the boundary layer. Turbulence diffusion fluxes between zones are evaluated 
following the approach of Yang and Martin. In this way, no additional information about 
turbulent quantities are required, and all the properties are calculated directly from the 
multi-zone model. It also includes all the main tools for kinetic analysis, like rate of 
production and sensitivity analysis. The kinetic mechanism adopted is the last version of 
the scheme developed by Ranzi et al. (http://creckmodeling.chem.polimi.it/), composed by 
460 species and 16000 reactions. It allows to describe the oxidation of hydrocarbons up to 
jet fuels and diesel, plus bio-fuels like alcohols and methyl-esters. The lumped approach, 
coupled with the concepts of hierarchy and modularity, allows containing the dimension of 
the scheme. A single simulation of 10 engine cycles with 15 zones requires from 5 to 10 
hours on a last generation pc. 
The multi-zone model has been validated against CFD simulations showing good 
agreement. The model has been also validated in comparison with literature experimental 
data of HCCI combustion of n-heptane and bio-fuels. With n-heptane and methyl-
decanoate, the CO and CO2 profiles show that both the low and high temperature ignition 
are well captured. Also with n-butanol the model shows a general good agreement with the 
experimental data, highlighting only a slightly advance in the high temperature ignition. 
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