
Venue

The annual seminar on Mathematics in
(bio)Chemical Kinetics and Engineering
will be held in the Pand, a renovated
ancient building owned by Ghent
University, and situated in the heart of
Ghent’s historical centre (address:
Onderbergen 1).
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‘PYROLYSIS AND COMBUSTION OF COMPLEX HYDROCARBON 
MIXTURES. DETAILED KINETICS AND LUMPING PROCEDURES’

The potential and limitations of detailed chemistry when it comes to handling large hydrocarbon molecules and 
describing the pyrolysis and combustion behavior of complex mixtures require a careful investigation. Detailed kinetic 
mechanisms involve large numbers of species and reactions making computationally expensive and strongly 
restricting the potential of model predictions. It is presently well recognized the need to reduce and simplify the 
comprehensive kinetic schemes, by maintaining the relevant features of the initial mechanisms. The main goal of this 
lecture is to present the chemical lumping procedures applied in the development and validation of detailed kinetic 
schemes of pyrolysis and combustion of complex hydrocarbon mixtures, such as gasoline, diesel, and biomass derived 
fuels. Moving from the automatic generation of detailed kinetic schemes of pyrolysis and combustion of primary 
reference fuels (n-heptane and iso-octane), advantages and limitations of the chemical lumping are analysed and 
critically discussed on the basis of several examples. The extensions of this lumping approach towards heavier and 
more complex mixtures are also addressed. It is not of practical interest to automatically generate detailed 
mechanisms with several thousands of molecular species and elementary reactions. A compromise has to be found 
between computation efforts and prediction accuracy. Thus, it becomes more practical, or even a need, to lump the 
chemical species with assigned rules, which satisfy the requirements of the system for which kinetic simulations will 
be performed. From a model point of view, it is convenient to directly link a post-processor to the kinetic generator 
with the purpose of lumping the intermediate and final products into a limited number of lumped components. 
A further advantage of semi-detailed kinetic models, already reduced with a chemical lumping, is their easier and 
more effective applicability to successive automatic reductions.

ABSTRACT

ELISEO RANZI / DEPARTMENT OF CHEMISTRY, MATERIALS AND CHEMICAL ENGINEERING, POLITECNICO DI MILANO

Eliseo Ranzi, born in Ravello (SA) August the 5th, 1943, graduated in Chemical Engineering at Politecnico of Milan 
in 1968, summa cum laude.  Full Professor of Unit Operations from 1989 at Politecnico of Milan. 
Leader with Tiziano Faravelli of the CRECK (Chemical Reaction Engineering and Chemical Kinetics) Modeling 
Group at Politecnico di Milano: http://creckmodeling.chem.polimi.it
Well recognized experience in the area of the kinetics of hydrocarbon pyrolysis, i.e. the steam cracking process to 
produce ethylene. Author with Mario Dente and Sauro Pierucci of the well-known Spyro Program, worldwide used 
since more than 20 years by most of the Ethylene Producer Companies.
Pyrolysis, gasification and combustion of hydrocarbon and solid fuels, together with the kinetics of pollutant 
formation are the main areas of research interests. Detailed and lumped kinetics of biomass and renewable fuels 
(alcohols and methyl esters, as gasoline and diesel oil surrogates) are the subjects of more recent works. 
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Welcome to the 2016
annual seminar on
Mathematics in (bio)Chemical
Kinetics and Engineering

The Research Group for model-based analysis
and optimisation of (bio)processes
(BIOMATH), the Laboratory for Chemical
Technology (LCT) and the Research Group for
Numerical analysis and Mathematical
Modelling (NaM2) of Ghent University are
pleased to invite you to attend the annual
seminar on “Mathematics in (bio)Chemical
Kinetics and Engineering” which will be
held on June 29, 2016 in Ghent, Belgium.

After the successful international
Mackie-20(02,07,09,11,13,15) conferences
and Mackie-20(03,04,05,06,08,10,12,14)
annual seminars, the local organizers at
Ghent University have again invited three
world-class experts from the fields of
mathematics and (bio)chemical
engineering, Prof. N.G. Deen (Eindhoven
University of Technology), Prof. A.V.
Panfilov (Ghent University) and Dr. J.
Wicks (The Fluid Group, Oxford, UK) to
give seminar talks during a one-day
mini-symposium.

Please e-mail to
Denis.Constales@UGent.be to register. A
complimentary lunch is offered to the
participants at the venue.

Bubbles on the cutting edge or how to
intensify bubble column reactors

Prof. N.G. Deen
Eindhoven University of Technology

In this lecture, I will explain our philosophy
for modelling multiphase flow systems. In
essentially every multiphase flow system we
deal with a very large range of time and length
scales, which cannot be resolved by a single
universal model. For this reason, we apply a
multiscale modelling strategy, where small
scale direct numerical simulation models are
used to develop closure equations that are
required to close coarse grained models. I will
illustrate our multiscale strategy with one
application example: an bubble column with
micro-structuring to intensify the gas-liquid
contact. All models are validated against
experimental data that we obtain with
state-of-the-art multiphase measurement
techniques.

Anatomical modeling of electrical and
mechanical function of the heart

Prof. A.V. Panfilov
Ghent University

From mathematical point of view excitation of
the heart is described by a system of non-linear
parabolic PDEs of the reaction diffusion type
with anisotropic diffusion operator. Cardiac
arrhythmias correspond to the solutions of
these equations in form of 2D or 3D vortices
characterized by their filaments.

In my talk I will report on modeling
mechano-electric feedback in the heart using
reaction-diffusion mechanics systems and
ventricular fibrillation mechanisms due to
deformation of cardiac tissue and present our
recent studies on arrhythmias due to early
after depolarizations (EADs). We discuss
importance of heterogeneity for the onset of
the arrhythmias and possibilities of application
of our approaches to clinic.

Arterial flow to Activated Sludge:
Biomedical Computational Fluid
Dynamics and Wastewater Treatment

Dr. J. Wicks
The Fluid Group, Oxford (UK)

In recent years, a significant effort has been
devoted to the development of highly porous
amorphous structures. Understanding how
these materials interact with the human body
is a formidable obstacle to overcome.
Computational fluid dynamics (CFD) offers a
flexible framework. Unlikely as it might seem,
one of the closest parallels is wastewater
treatment where recent advances in
computational fluid dynamics have added
biokinetics and Lagrangian solids transport
alongside multiphase hydraulics. Specific
examples of this cross-disciplinary cross-over
will be presented.

For the latest information, consult the annual seminar’s Web site at www.mackie-workshops.com
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