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Introduction

The Wilhelm und Else Heraeus-Stiftung is a private foundation that supports
research and education in science with an emphasis on physics. It is recognized as
Germany’s most important private institution funding physics. Some of the
activities of the foundation are carried out in close cooperation with the German
Physical Society (Deutsche Physikalische Gesellschaft). For detailed information see
https://www.we-heraeus-stiftung.de

Aims and scope of the 715. WE-Heraeus-Seminar:

The 2015 Paris United Nations Climate Change Conference postulates a limitation of
global warming of less than 2°C as a minimum goal to revent a substantial change of
the earth'’s climate. To reach this goal, the emission of greenhouse gas emissions has
to be drastically reduced. Politically independent studies show that for industrial
nations such as Germany, the necessary 95% reduction of greenhouse gas emissions
by the year 2050 can only be realized by a radical transformation towards renewable
concepts for electricity and heat supply, mobility, and industrial processes. This
necessitates a rapid development of technologies to preserve natural resources,
which will have to comprise a largely increased variety of different thermo-and
electrochemical processes. A substantial part of thermo-chemical processes is based
on combustion technologies, which need to be converted to using renewable fuels
within only a few years. The necessary innovations require a high level of knowledge
and understanding of the fundamental coupled physical and chemical processes.
Furthermore, mathematically-based modeling techniques are needed to support
predictive design of new processes by numerical simulations. In this context, the goal
of the seminar is to identify the challenges associated with the transformation of
energy and mobility systems, to discuss the state-of-the-art, and to highlight research
needs. Besides invited presentations on mobility and the energy economy, also
combustion technologies that go beyond the purpose of energy conversions, for
instance for material synthesis, will be discussed. Further to the intense scientific
exchange, also different viewpoints of industry, associations, and national research
laboratories will be considered in the discussions.

Scientific Organizers:

Prof. Andreas Dreizler Technische Universitat Darmstadt, Germany
E-mail: dreizler@rsm.tu-darmstadt.de

Prof. Heinz Pitsch RWTH Aachen University, Germany
E-mail: h.pitsch@itv.rwth-aachen.de



Program




Sunday, 08 March 2020

16:00 - 20:00  Registration
18:00 - 19:30  BUFFET SUPPER and get-together

Session Chairs: A. Dreizler, H. Pitsch

19:30 -20:00  Andreas Dreizler Welcome and introduction
Heinz Pitsch

Keynote lecture:

20:00 -21:00 Katharina Combustion perspectives: Some
Kohse-Hdinghaus contributions from physical chemistry

Monday, 09 March 2020

07:30 BREAKFAST

Session Chair: U. Riedel

08:30 - 09:30  Viktor Scherer Waste derived fuels: significance,
challenges, solutions

09:30-10:30  Burak Atakan Piston engines for polygeneration
10:30-11:00 COFFEE BREAK

11:00-11:20  Francesco Contino Uncertainty quantification of energy
systems

11:20-11:40  Liming Cai Highly-automated model development
for promising e-fuels from renewable
electricity

11:40 - 12:00  Paulo Debiagi A fundamental model of char oxidation



Monday, 09 March 2020

12:00 LUNCH

Session Chair: Y. Wright

13:30-14:30  Poster presentations
14:30 - 16:00  Poster session and COFFEE

16:00 - 17:00  Olaf Deutschmann Controlling the emissions of internal
combustion engines: Current status
and future challenges

17:00 - 18:00  Konstantinos Towards a better understanding of
Boulouchos reactive thermofluidics in I.C. engines -
potential and limitations of direct
numerical simulation

18:15 HERAEUS DINNER
(social event with cold & warm buffet with complimentary drinks)



Tuesday, 10 March 2020

07:30 BREAKFAST

Session Chair: A. Kempf

08:30 -09:30  Osvalda Senneca Thermal annealing of coal and biomass:
from combustion science towards new
carbon materials

09:30 -10:30  Benedicte Cuenot Large Eddy simulation of turbulent
combustion in gas turbines

10:30-11:00 COFFEE BREAK

11:00 - 11:20  Arvind Gangoli Rao  Energy transition in aviation: The role
of cryogenic fuels

11:20 - 11:40  Isaac Boxx An experimental study of hydrogen-
enriched natural gas swirl flames in a
gas turbine model combustor

11:40 -12:00 Bo Shu Experimental and modeling study on
the auto-ignition properties of
ammonia/methane mixtures at
elevated pressures

12:00-12:10  Conference Photo (in the front of the lecture hall)

12:10 LUNCH



Tuesday, 10 March 2020

Session Chair: T. Kaspar

13:30-14:30  Poster presentations

14:30 - 16:00  Poster session and COFFEE

16:00 - 17:00  Angela Violi The known and unknown of
nanoparticle formation in combustion

and their health effects

17:00 - 18:00  Sotiris Pratsinis Multiscale process design for
nanoparticle synthesis

18:00 DINNER

Session Chairs and Discussion Leaders: C. Schulz, J. Janicka

19:30 - 21:30  Panel discussion “Transformation of the energy system”
Panelists:
- Klaus Dieterich (Innovation-Consultant)
- Zijad Lemes (ENTEGA AG)
- Joachim Martin Paul (Bosch)
- Eberhard Umbach (KIT)
- Kurt Wagemann (DECHEMA e.V.)



Wednesday, 11 March 2020

07:30 BREAKFAST

08:30-08:45  Stefan Jorda About the Wilhelm and Else Heraeus-
Foundation

Session Chair: M. Pfitzner

08:45-09:45  Francesca Di Mare Large Eddy simulation of combustor-
turbine interaction for innovative,
decentralised power generation

09:45-10:45  Heinz Pitsch Chemistry matters: advanced synthetic
and biofuels for internal combustion
engines

10:45-11:15  COFFEE BREAK

11:15-11:35  Cooper Welch Machine learning-based analysis of the
early flame kernel in a spark-ignition
engine to predict combustion
performance

11:35-11:55  David Escofet-Martin  Transient thermal boundary layer
development and flame wall
interaction studies using 1d HRCARS
and TGP in a constant volume chamber

11:55-12:15  Georgios Kelesidis Morphology, composition and optical
properties of flame-made nanoparticles

12:15 LUNCH

14:00 - 16:30  Joint hike

Session Chair: H. Pitsch

17:00 — 18:00  Poster presentations
18:00 - 19:00  DINNER

19.30-21.00 Poster session



Thursday, 12 March 2020

07:30 BREAKFAST

08:30 -09:30  Simone Hochgreb Narrowing the gap between
experiments and models in turbulent
reacting flows

09:30 - 10:30  Oliver Paschereit On our way to zero emission power
plants

10:30-11:00  COFFEE BREAK

Session Chairs and Discussion Leaders: C. Schulz, J. Janicka

11:00 -12:30  Final discussion

12:30 - 12:45  Andreas Dreizler Closing words
Heinz Pitsch
12:45 LUNCH

End of the seminar and departure

NO DINNER for participants leaving on Friday morning



Posters




Posters (presented on Monday)

Giovanni B. Ariemma

Milad Bagheri

Per-Erik Bengtsson

Liming Cai

Francesca Cerciello

Francesco Contino

Xavier Rixhon

Paulo Debiagi

Mario Eck

Mark Fuller

Christopher Geschwindner

Kevin Keller

Philippe Leick

Reduction of NOx emissions through water
addition in MILD ammonia combustion

Interface-resolving simulation of droplet impact on
liquid film of the same fluids using the phase-field
method

On the relation between optical properties of soot
and its nanostructure and composition

Highly-automated model development for
promising e-fuels from renewable electricity

Effects of pressure on lignocellulosic biomass fast
pyrolysis

Uncertainty quantification of energy systems

A fundamental model of char oxidation

Novel insight of cyanuric acid hydrolysis over
titanium dioxide by thermogravimetry

Nitrogen combustion chemistry for renewable,
designer fuels

High-speed OH-LIF of flame retarded
polypropylene combined with a thermal
decomposition analysis

Microkinetic modeling of the total oxidation of
methane - understanding the water inhibition
effect)

“Tip wetting” of gasoline injectors: Mechanism,
measurement techniques, contribution to
particulate emissions and mitigation strategies.



Posters (presented on Monday)

Charlotte Rudolph Exergy storage in piston engines by pyrolysis of
natural gas/hydrogen mixtures

Una Trivanovic Effect of sodium chloride solutions on soot

morphology and mixing state from a large-scale
laboratory flare

Sonal K. Vallabhuni Experimental and kinetic modeling studies on the

auto-ignition of methyl crotonate at high pressures
and intermediate temperatures



Posters (presented on Tuesday)

Suphaporn Arunthanayothin Ammonia-methane interaction in jet-stirred and
flow reactor: an experimentalnand kinetic
modeling study

Antonio Attili DNS of turbulent premixed combustion at high
Reynolds number

Ariane Auernhammer Characterization of jet types and wetting
behavior in direct cooling system for electric
motors

Hesheng Bao Computational investigation of a diesel-like

flame applying a flamelet-based combustion
model and large eddy simulation

Isaac Boxx An experimental study of hydrogen-enriched
natural gas swirl flames in a gas turbine model
combustor

Jonas Fischer Refuse-derived fuel characterization by

convective drying

Arvind Gangoli Rao Energy transition in aviation: the role of
cryogenic fuels

Munko Gonchikzhapov Reactions of Fe(CO)s Fe(C5Hs), and TTIP as
precursors for spray flame synthesis of
nanoparticles during partial spray evaporation

Jurgen Herzler Kinetics of partial oxidation of
methane/additive mixtures for polygeneration
processes: High-pressure shock-tubes
experiments

Dmitrii Kliukin Spatiotemporal coherent anti-stokes Raman
spectroscopy in the recirculation zone of bluff-
body stabilized premixed methane/air flames



Posters (presented on Tuesday)

Christian Kuntz Modelling urea deposit formation and
decomposition on SCR catalysts

Tao Li Investigation of solid fuel particle group
combustion using volumetric OH-LIF imaging
and diffuse backlight-illumination

Gauthier Limpens The role of renewable fuels in low-carbon
societies
Yihua Ren Flame synthesis of carbon metal-oxide

nanocomposites in a counterflow burner

Dominik Schmidt Experimental assessment of the release of
Nitrogen, Sulfur and Chlorine species during
pyrolysis of coal and biomass in CO.;
atmosphere

Bo Shu Experimental and modeling study on the auto-
ignition properties of ammonia/methane
mixtures at elevated pressures

Yalin Wang Numerical simulation and experimental
research of biomass and coal coupled
combustion

Johannes Wenz Pyrolytic reactions of methyl formate: Shock-

tube studies and kinetic modeling



Posters (presented on Wednesday)

Davide Amato

Kai Banke

Rob Bastiaans

Carina Buichner

David Escofet-Martin

Mustapha Fikri

Annunziata Forgione

Jinlin Han

Tina Kasper

Georgios Kelesidis

Domenico Lahaye

On the “anhysteretic state” of MILD combustion
process

Polygeneration by partial oxidation of fuel-rich
Methane/air mixtures in an HCCI engine -
Different approaches to achieve auto-ignition

Energy transition combustion research &
challenges: Eindhoven activities

Transition metal borides as electrocatalysts:
State of the art and first investigations of the
activity of iridium boride

Transient thermal boundary layer development
and flame wall interaction studies using 1d
HRCARS and TGP in a constant volume chamber

Kinetics study of dimethoxymethane in shock
tube: Experiment and modeling

A novel approach to methanol production:
integration of solar hydrogen, chemical looping
combustion and syngas production via reverse
water gas shift reaction

Experimental investigation of ethanol/diesel
dual-fuel combustion in a heavy-duty diesel
engine

Mass spectrometric study of iron- and silicon-
containing hydroxides and oxides in particle
forming flames

Morphology, composition and optical properties
of flame-made nanoparticles

Reducing emissions of industrial furnaces: Two
case studies in the port of Rotterdam



Posters (presented on Wednesday)

Maria Virginia Manna Identification of combustion regimes for highly
diluted NH3/02/N2 mixtures in a jet stirred flow
reactor

Francesco Saverio Marra Numerical approaches for analysis, reduction

and validation of detailed chemical mechanisms
of new generation fuels

Marcel Richter Spectral modeling of an oxy-fuel pulverized coal
fired boiler considering non-gray gas and
particles

Lea Totzauer Cerium phosphates as potential luminescent
oxygensensing materials at elevated
temperatures

Cooper Welch Machine learning-based analysis of the early
flame kernel in a spark-ignition engine to predict
combustion performance



Abstracts of Talks

(in chronological order)




Combustion perspectives:
Some contributions from physical chemistry

K. Kohse-Hbinghaus'
Bielefeld University, UniversitétsstralBe 25, 33615 Bielefeld, Germany

The quest for cleaner air, the threats of climate change, and the according
transformation of the energy system are foremost issues in a more sustainable
development. Combustion of fossil fuels is increasingly regarded as a problematic
technology, and many countries have set goals towards a more significant share of
renewables. Combustion science today must thus reach beyond its classical role.
Combustion processes with a lower carbon signature and reduced emissions, relying
on new system approaches and alternative fuels, are being developed, while on the
larger scale, process integration is desired in a future energy perspective. The lecture
will give some examples of current combustion chemistry and diagnostics research,
including low-temperature combustion, alternative fuels, and pollutant formation, and
it will aim to provide food for discussion on the perspectives of combustion research.



Waste derived fuels: significance, challenges,
solutions

V. Scherer’
"Ruhr-Universitét Bochum, Universitétsstrae 150, 44801 Bochum Germany

Heraeus seminar on Fuels, Processes, and Combustion Physics in the Energy
Transformation

The United Nations expect that in 2050 more than 2/3 of the world population lives in
large cities (today 50%). The number of megacities with more of 10 million
inhabitants is expected to rise from 28 to 41. In parallel, the quantity of domestic and
industrial waste is expected to increase too, driven by this development. According to
forecasts the total amount of waste will roughly double until 2050.

Although recycling has become increasingly important, in particular in highly
developed countries, there still is the need of thermal disposal of waste or the
thermal utilisation in waste to energy plants from domestic and industrial sources.
The potential to use such fuels as a source of energy is significant. Although on a
world-wide scale in the order of 4500 waste incineration plants exist, landfills are still
prevalent even in highly developed countries like the US.

The current contribution will give an introduction into the potential and use of waste
derived fuels. The combustion of these fuels and the theoretical description of their
conversion is difficult, because the fuel broadly varies in size, shape and chemical
composition. Hazardous components like chlorine may be contained. Waste to
energy plants, which are mainly based on grate firing systems, allow a long proven
direct thermal utilization and at the same time significant volume reduction of the
material to be disposed. Details on the available theoretical/numerical descriptions
applicable for their design and optimization will be given. Another form of waste
material is refuse derived fuel (RDF), a pre-treated fuel essentially produced from
domestic and industrial waste, which includes biodegradable material as well as
plastics. This can be can be used for co-combustion in pulverized fuel boilers or in
cement plants. RDF fuel particles can be transported pneumatically and, hence,
appropriate models for their flight trajectories within the respective conversion
devices are required for design and optimization. An approach to model the
combustion of these fuels will be introduced. Finally, some examples of other
residues from industrial processes to be thermally treated will be shortly discussed.



Piston Engines for Polygeneration
B. Atakan'

1University of Duisburg-Essen, Thermodynamics / IVG, LotharstraBe 1, 47057
Duisburg, Germany

Natural gas and biogas are both consisting of large amounts of methane and are
predominantly used for energetic usage, while around 5 % are used for chemical
conversion in chemical industry. The methane usage will continue for many years to
come, while both conversions take place with non-optimal efficiencies. One approach
to overcome these low efficiencies is to use piston engines as chemical reactors for a
combined production of work, heat, and useful chemicals like syngas (H2/CO) or
acetylene. Such a polygeneration process is quite fuel rich, and thus, due to low
flame speeds, a kinetically controlled homogeneous charge compression ignition
process (HCCI) is preferable. This leads to the problem that methane is quite inert
and measures are needed to ignite it after compression. High initial temperatures,
high compression ratios, or different additives can help to overcome the inertness
and can lead to ignition in such engines. These systems were analyzed with respect
to the chemical kinetics, the thermodynamics, and the exergo-economics; in addition
concepts for energy recuperation and product separation were developed and
analyzed. In total, it is found from theory and from experiment that the combined
process is in many cases preferable in comparison to separate processes for energy
conversion and chemical conversion, but some challenges remain, like the relatively
high amounts of additives needed for ignition. The concept can be expanded further
towards using the piston-cylinder system as a compressor to convert mechanical
energy in endothermal reactions to chemical energy for chemical energy storage, as
will be explained.

Results and ideas from several cooperation partners within the DFG research unit
1993 ‘Multifunctional conversion of species and energy’ will be presented.



Uncertainty quantification of energy systems

Francesco Contino', Xavier Rixhon'!, Gauthier Limpens', Kevin
Verleysen??, Diederik Coppitters?*4, and Hervé Jeanmart'

1Institute of Mechanics, Materials and Civil Engineering iMMC), Université catholique de Louvain
(UCLouvain), Place du Levant, 2, 1348 Louvain-la-Neuve, Belgium
2Fluid and Thermal Dynamics (FLOW), Vrije Universiteit Brussel, Pleinlaan 2, 1050 Brussels, Belgium
3Combustion and Robust Optimization Group (BURN), VUB and ULB, 1050 Brussels, Belgium
“Thermal Engineering and Combustion Unit, UMONS, Place du parc 20, 7000 Mons, Belgium

The energy transition involves many uncertainties. When designing energy systems,
we need to include those uncertainties if we want to make informed and meaningful
choices. Still there are three main issues: for large complex systems, the number of
parameters becomes overwhelming leading to the well-known curse of
dimensionality; for dynamic systems, uncertainties will have a compound effect—
accumulating in time; and most of the time, we have an unclear definition of
uncertainties—we cannot distinguish between natural variation and uncertainty
related to a lack of knowledge. We tackle these three challenges: by applying sparse
polynomial chaos expansion (PCE) for the uncertainty quantification (UQ) of the
energy system of a country [1], by implementing time-dependent PCE for the
dynamic production of ammonia [2], and by using a new formulation of
uncertainties—imprecise probabilities—for hydrogen production [3]. Based on these
three examples, this presentation will give an overview of the techniques we are
developing. The results show that the information within the uncertainties provides
insight for the designer or the decision maker. In the case of the national Belgian
energy system, we applied the method to a large amount of uncertain parameters
(more than 200). The impact on the total energy system cost shows that only few
critical parameters drive the impact. In the case of the sensitivity analysis on the
dynamic production of ammonia, operational and parametric uncertainties
significantly affect the system's performance over time. In an optimization framework,
including the knowledge we have on the uncertainties provides the designer with
robust design alternatives. Obtaining those efficiently however is still ongoing
research.

References

[1] Limpens, G., Jeanmart, H., & Maréchal, F. (2020). Belgian Energy Transition:
What Are the Options?. Energies, 13(1), 261

[2] K. Verleysen, D. Coppitters, W. De Paepe, A. Parente, F. Contino, Fuel 266,
117049 (2019)

[3] D. Coppitters, W. De Paepe, F. Contino, Applied Energy 248, 310-320 (2019)



Highly-automated model development for
promising e-fuels from renewable electricity

L. Cai and H. Pitsch

Institute for Combustion Technology, RWTH Aachen University, 52056 Aachen,
Germany

Carbon-neutral synthetic fuels, which can be produced from renewable electricity by the
hydrogenation of carbon dioxide captured from air or exhaust gas, are attracting growing
interest from both academic research and industry due to their positive impact on the
overall CO2 balance. The catalytic conversion of carbon dioxide opens various new
possibilities to produce fuel species with more complex molecular structures and tailored
physical and chemical properties, for which a deep understanding of the underlying
combustion kinetics in form of a chemical mechanism is often missing. Therefore, the
rapid generation of accurate chemical mechanisms is of high interest for these promising
e-fuels.

This work combines advanced automatic model generation, optimization, and reduction
methods to facilitate a rapid kinetic model development. The methodology is
demonstrated by generating a chemical mechanism for the promising class of synthetic
e-fuels oxymethylene ethers (OMEs) [1], which exhibit good auto-ignition characteristics
for compression-ignition engine applications. An initial model is derived using an
automatic reaction class-based mechanism generator. To ensure the chemical validity of
the mechanism, the automatic generator applies the same reaction classes and rate rules
consistently for OME2—, which are adopted from a recently published OME1 mechanism
[2]. Forimproved model prediction accuracy of ignition delay times, the mechanism is then
optimized automatically using the method of Ref. [3] by calibrating the rate rules within
their uncertainties against experimental target data of all OME fuels. To reduce the
computational effort of, for instance, computational fluid dynamics simulations, the
detailed mechanism is finally reduced to a skeletal level using a multi-stage reduction
strategy [4]. It is shown that this highly automated model development process is able to
provide accurate chemical mechanisms with compact model size in a very efficient
manner for e-fuel components of interest.

References
[1] L. Cai et al., Fuel 264 116711 (2020).
[2] S. Jacobs et al., Combustion and Flame 205 522-533 (2019).
[3] L. Cai, H. Pitsch, Combustion and Flame 161 405-415 (2014).
[4] P. Pepiot-Desjardins, H. Pitsch, Combust. Flame 154 67-81 (2008).



A fundamental model of char oxidation

P. Debiagi', A. Locaspi?, C. Hasse' and T. Faravelli?

1 Simulation of Reactive Thermo-Fluid Systems, TU Darmstadt, Darmstadt, Germany
2 Department of Chemistry, Materials and Chemical Engineering “Giulio Natta”,
Politecnico di Milano, Milan, Italy

A detailed fundamental description of char oxidation is currently under development.
The aim is to lay the groundwork for the development of a comprehensive model of
solid fuel combustion. The present model addresses char produced by complete
pyrolysis. In the present study, a “completely pyrolyzed” fuel is assumed if no release
of volatile species occurs when pyrolyzed a second time. This condition can be
inferred both from experiments and pyrolysis models, supported by the resulting
zelemental composition of the produced char. Physical and chemical phenomena
during pyrolysis is accounted, allowing to describe the initial structure of the char
particle. A three-phase assumption is employed to describe char oxidation. The
chemical reaction mechanism proposed was developed by analogy to gas-phase
reactions, obtaining a detailed approach for char conversion. The model can be
extended for all carbonaceous materials taking into consideration their particularities
in physical and chemical properties.



Controlling the emissions of internal combustion
engines: Current status and future challenges

0. Deutschmann'
TInstitute of Technology (KIT), Kaiserstra3e 12, 76131 Karlsruhe, Germany

Controlling the emissions of internal combustion engines has been one of the major
challenges for research and development in the mobility, transportation, and energy
sectors for many decades. Today, complex after-treatment systems often containing
several of different devices such as oxidation catalysts, three-way catalytic
converters, SCR-catalysts, dosing systems for reducing agents, NOx-storages-
reduction catalysts, ammonia slip catalysts, and particulate filters, reduce most of the
pollutants from the exhaust gases, in particular unburnt hydrocarbons, aldehydes,
CO, NOx, and soot. The emission control systems with their continuously varying
inlet and boundary conditions are meanwhile very dynamic and complex small
chemical plants. However, further improvements are needed due to lower legislative
emission limits, alternative fuels, and more efficient engine concepts leading to less
CO2 but more NOx emissions.

This contribution provides an overview on the state-of-the art exhaust-gas after-
treatment devices for on-road, off-road, and stationary applications of internal
combustion engines. Current and future challenges of emission control will be
discussed such as controlling of emissions of the greenhouse gases methane and
N20, cancerogenic compounds such as HCHO and further reduction of NOx
emissions.



Towards a better understanding of Reactive
Thermofluidics in I.C. Engines - Potential and
Limitations of Direct Numerical Simulation

C. Frouzakis, Y. M. Wright, G. Giannakopoulos, K. Boulouchos'

ETH Ziirich, Aerothermochemistry and Combustion Systems Laboratory, Ziirich,
Switzerland

Internal Combustion Engines are expected to still play a relevant role in the future
energy system, particularly in long-haul, heavy duty transportation in combination
with synthetic renewable fuels for decarbonization. Therefore, turbulent-
thermochemistry interactions need to be understood in depth, also for such fuels,
through both non-intrusive experiments and advanced simulation methods. This
applies also to multi-mode, multi-fuel engine combustion processes under specific
consideration of the transient character of ignition and flame propagation including
near wall phenomena.

Direct Numerical Simulation has recently emerged as promising method in order to
shed light into phenomena so far not accessible by either LES or measurements.
Despite inherent limitations due to enormous computational requirements for real-
world applications, use of DNS can be targeted to support development of improved
submodels in RANS/LES algorithms synergetically with advanced laser-based
diagnostics. In the talk we will give examples of recent progress in understanding
flow field, heat transfer and unsteady premixed flame propagation in some canonical
engine-like set-ups.



Thermal annealing of coal and biomass: from
combustion science towards new carbon materials

0. Senneca’’

1/stituto di Ricerche sulla Combustione, Consiglio Nazionale delle Ricerche, P.le
Tecchio 80, 80125 Naples, Italy

During the lifetime of coal and biomass particles in a reactor severe changes in
carbonaceous structure occur. In the early stages of heat treatment, transformations
at both the structural and chemical level are accompanied by volatile matter release
and well recognized in the combustion literature under the name of pyrolysis.
Prolonged heat treatment, even in parallel with heterogeneous reaction, produces
further changes in the carbonaceous structure, which include release of interlayer
and in plane defects, stacking of graphene layers and crystallite growth. These
phenomena are recognized in the literature under the name of Thermal Annealing.
Within the context of combustion science a large body of literature explored coal
annealing and shed much light on the effects of heat treatment on the char reactivity,
especially in the late stages of burn-off. Thermal annealing of biomass has been
neglected or underestimated in the context of combustion science, on the contrary
the effects of heat treatment, often combined with chemical treatments, on the
structure of lignocellulosic materials, have been investigated in the context of
material sciences. The goal in this case was to produce green graphene like
materials.

The present talk will address thermal annealing of coal and lignocellulosic materials,
looking at both the reactivity and the structural issues and trying to bridge the
concepts developed in combustion and in material science.
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Large Eddy Simulation of turbulent combustion in
Gas Turbines

B. Cuenot’
1CERFACS, 42 Avenue Gaspard Coriolis, 31057 Toulouse Cedex 1

Large Eddy Simulation (LES) is now recognized as a powerful numerical approach to
address complex problems, such as turbulent reacting flows. LES is able to provide
reliable predictive solutions of both academic and real industrial systems, and gives
new insight into the underlying physical phenomena. Moreover, to alleviate some
uncertainty associated to boundary conditions, LES can be coupled to other solvers
to include complementary system elements and physics in the computation.

In the case of gas turbines, many different and complex physics must be described
and coupled. This includes turbulence, chemistry, heat transfer, two-phase flows and
phase change when the fuel is liquid, solid particles dynamics and chemistry for soot
prediction, or acoustics to study combustion instabilities. Non-linearity, associated to
a wide range of space and time scales, make the full resolution of turbulent
combustion not affordable, and modelling is necessary. Models must be efficient,
accurate and reliable, and also describe the interactions between the various physics.

In the lecture an overview of the physical models used for LES of turbulent
combustion will be first given, focusing on the most recent and successful
approaches. This will be followed by examples of application to aeronautical gas
turbines, addressing a variety of issues such as ignition, instabilities, heat transfer or
pollutant emissions. Comparison with experiments and results analysis will allow to
demonstrate the capacity of LES and coupled multiphysics to tackle complex
problems with accuracy and efficiency.



Energy transition in aviation: the role of cryogenic
fuels
Arvind Gangoli Rao'
Delft University of Technology, Delft, The Netherlands

Aviation is the backbone of our modern society. At present, around 4.5 Billion
passengers travel through the air every year and aviation is responsible for around
5 % of anthropogenic causes of Global Warming [1]. With the increase in global GDP,
the number of travellers is expected to increase to 7.5 Billion by 2037 and to around
15 Billion by 2050. Whereas surface transportation systems are able to reduce their
CO:z2 footprint, thanks to the increased
use of electric / hybrid vehicles, the
aviation sector is restricted in the
energy source. Currently, aviation
consumes around 1.1 Billion litres of Jet
Fuel every day and is poised to
increase by 3% every year, despite the
improvements in aircraft efficiency. The
main drivers for alternative fuels are
shown in the adjoining figure.

Depletion of
petroleum
reserves

Sustainable
growth of
aviation

Inflation of
fuel price

Alternative
fuels for
aviation

While there are high hopes on biofuels, there are some serious challenges which
include; scaling of production, fuel consistency, availability of biomass, conflict with
the food chain, high price, competition with surface transport, unavailability of
subsidies in aviation, etc. Therefore biofuel can be a part of the solution but not the
solution itself.

In this talk, | will explore the viability of alternatives like Hydrogen and Liquefied
Natural gas (LNG) for aviation. The talk explores various designs/routes in which
these fuels can be used for civil aviation in the future.

References

(1] Lee, D.S., Fahey, D.W., Forster, P.M., Newton, P.J., Wit, R.C.N., Lim, L.L.,
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An Experimental Study of Hydrogen-Enriched Natural Gas
Swirl Flames in a Gas Turbine Model Combustor
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Lean, methane-air flames in a technically premixed, swirl stabilized burner (based on
the PRECCINSTA geometry) were studied at operating conditions spanning several
thermal powers and equivalence ratios with hydrogen admixtures of up to 90% (by
volume). The PRECCINSTA bumer has previously been studied both experimentally
and computationally [1-4] and represents an excellent test case for exploring the
effect of hydrogen on technically premixed swirl flames.

The flame shape and combustion instability characteristics were studied using time-
resolved (10 kHz) OH* chemiluminescence imaging and two-microphone acoustic
measurements. The stable and unstable operating conditions are experimentally
characterized in terms of equivalence ratio and thermal power, and the peak
frequencies and amplitudes of thermoacoustically excited cases are measured. This
work finds (as expected) that hydrogen addition significantly affects the flame shape
and combustion instability limits. Specifically, the flame is made more compact and
the flame is observed to change from M to V-shaped at fuel lean conditions, both of
which impact combustor thermal loading. Furthermore, hydrogen addition raises the
peak frequencies and modifies the thermoacoustic amplitude.

50% 70%

90%
Figure 1 - OH* Chemllumlnescence showing the mean ﬂame shape of one series of
methane-air flames with increasing admixtures of hydrogen. L = 15kW, ¢ = 0.65.
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Experimental and modeling study on the auto-
ignition properties of ammonia/methane mixtures at
elevated pressures
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The present worldwide concern about global warming has stimulated the
development of carbon neutral energy technologies to mitigate the need of fossil
fuels and the emission of greenhouse gases. In this sense, ammonia (NHa) is
regarded as one of the most viable alternatives to produce carbon-free energy,
presenting high energy density and ease of storage and handling. However, its low
flammability and high NOx emission potential inhibit the implementation of pure NH3
in these systems [1]. Methane on the other hand is a favorable low emission fuel and
can be used as a co-firing fuel in ammonia combustion to promote the reactivity and
control the emission levels [2,3]. However, knowledge of the ignition properties of
NH3/CHs mixtures at intermediate temperatures and elevated pressures is still
scarce.

This study reports ignition delay times of NH3/CH4/O2 mixtures diluted in Ar or Ar/N2
over a temperature range of 900-1100 K, pressures of 20 and 40 bar, and
equivalence ratios of 0.5, 1.0, and 2.0. The results demonstrate that a higher CH4
mole fraction in the fuel mixture increases its reactivity, and that the reactivity
decreases with increasing the fuel-oxygen equivalence ratio. Most recent
mechanisms of Glarborg et al. [4] and Li et al. [5] were compared against the
experimental data for validation purpose. Both mechanisms can predict the
measurements fairly well. Detailed modeling for emissions indicated that adding CH4
to the fuel mixture increases the emission of CO and NOx. Moreover, addition of CH4
complicates the reaction pathway of both CHs4 and NH3 consumptions due to the
cross reaction between carbon and nitrogen radicals.
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The known and unknown of nanoparticle formation
in combustion and their health effects
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"University of Michigan, Ann Arbor, MI, USA

Accurate simulations of reactive systems present foremost challenges to both our
fundamental understanding and computational modeling capabilities. The chemistry
underlying combustion stems from a complex nonlinearly coupled network of tens of
thousands of reactions across order-of-magnitude variations in temperature, pressure,
and timescale. Computational modeling creates an opportunity to develop and
optimize hydrocarbon combustion through improved prediction and understanding.
Models capturing the growth of polycyclic aromatic compounds (PACs) and
nanoparticles in combustion have always been faced a large degree of uncertainty due
to the lack of detailed direct experimental validation. In particular, data on molecular
structures, chemical composition, size, cross-linking and aliphatic chains are still very
limited.

In this work we use atomistic simulations to model the formation of PACs in combustion
conditions, providing information on the chemical and structural evolution of these
compounds. Looking at data reported in the literature, we analyse flames that have
been experimentally characterized in terms of mass spectra and other molecular
properties and embark in a comparison based on molecular structures, and extend to
other properties of the PACs. The simulation results demonstrate that our in-house
code, SNapS2, is able to capture the vast array of PACs in terms of a large variety of
functional groups and mass distributions providing confidence in the code.

Network analysis are carried out to analyze the reaction pathways in various conditions
and report on the relative importance of the growth mechanisms.

To further assess the impact of combustion by-products, we investigate the effect of
molecular structure and chemical composition on human cell membranes using
molecular dynamics simulations. Results show the relative importance of particle
characteristics and the effect on various types of cells.



Multiscale Process Design for Nanoparticle
Synthesis
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Recent advances in understanding of aerosol formation and growth through
computational fluid-particle dynamics and discrete element modeling and molecular
dynamics allow now optimal reactor design, away from the Edisonian approaches of
the past. This leads to scalable synthesis of sophisticated nanoparticles with
controlled composition, size and morphology resulting in high value products
(nanosilver and carbon-coated Co nanoparticles) in the market already, while several
promising ones are emerging such as single atom catalysts and breath sensors for
monitoring body fat buming and even detecting methanol poisoning in liquors (1).

This lecture will highlight first the significance of the high temperature particle
residence time concept in computational fluid-particle dynamic models as exemplified
in particle formation by flame spray pyrolysis. Then the power of discrete element
models in depicting the detailed morphology of combustion-generated particles will
be elucidated with titania, silica or soot formation (2). Finally the elegance of
molecular dynamics coupled with experimental validation in detailing how surface
diffusion dominates the early stages of coalescence of titania, silver and gold
nanoparticles or how silver occupies preferentially the surface of its nanoalloys with
gold or how agglomerates of polydisperse primary particles settle faster than those
with monodisperse will be elucidated as time permits it (3).
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Large Eddy Simulation of Combustor-Turbine
Interaction for innovative, decentralised power
generation
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Small- to medium-sized (<30 Mw) gas turbines can be conveniently employed for
decentralised power generation in conjunction with power cycles based on renewable
sources, such as, for example the power-to-X technologies. The envisaged devices
should be able to deliver the required output at short notice (peak coverage) and
utilise a variety of fuels with possibly different LHV. Hydrogen-based combustion
processes are especially attractive for the enormous potential of reducing virtually to
zero CO2, however the design and control of gas turbines which satisfy the
requirement of stability and efficiency, hence rendering hydrolysis-based cycles
economically viable and safe, poses remarkable challenges, particularly regarding
the prediction of the (unsteady) temperature distribution at the inlet of the high-
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