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Conference on Combustion Research in Switzerland
Date:
Location:
Time:

Monday, 24th June 2019
ETH Zurich, Zentrum campus (ML D 28)
9:00 a.m. - 5:00 p.m.

In the current debate on climate change, the future of combustion-based energy systems like
internal combustion engines and gas turbines is controversial. However, it is a matter of
fact that worldwide around 80% of the useful energy like heat, propulsion energy and
electricity is produced via combustion processes. Furthermore, because of the high energy
density and storability of the fuels, combustion will remain for several decades the
technologically, economically and ecologically best solution for many applications in transport
and power generation. In order to minimize the effects on climate change, combustion
systems must become highly efficient and low in pollutant emissions and use fuels that
minimize greenhouse gas emissions as much as possible.
Swiss combustion researchers from industry, the universities of applied sciences and
the ETH domain address these challenges with internationally-recognized competence.
Current examples include the development of highly efficient and low-emission diesel
engines, the study of flexible dual fuel combustion, or the direct numerical simulation of
ignition processes in gas engines. An important area of research is the use of novel fuels like
OME, DME, butanol or hydrogen in internal combustion engines and gas turbines.
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The goal of the biennial conference on Combustion Research in Switzerland is to foster
the exchange of information on the latest challenges and current research projects in
industry and academia. The event should also serve as a networking opportunity and
provide earlycareer scientists a forum to present their research to a diverse audience.

Contact:
ETH Zurich, Institute of Energy Technology
Aerothermochemistry and Combustion Systems Laboratory (LAV)
Sonneggstrasse 3, 8092 Zurich,
Switzerland

E-mail: info@lav.mavt.ethz.ch
Phone: +41 44 632 36 68

Organizing committee:
Prof. Dr. Konstantinos Boulouchos, Head of the Aerothermochemistry and Combustion Systems Laboratory LAV; ETH Zurich
Prof. Dr. Nicolas Noiray, Head of the Laboratory of Combustion and Acoustics for Power and Propulsion Systems CAPS; ETH Zurich
Dr.-Ing. Peter Jansohn, Head of the Combustion Research Laboratory; Paul Scherrer Institut (PSI)
Dr.-Ing. Carina Alles, Head of the research domains Industrial Processes, Combustion, Heat Pumps; Swiss Federal Office of Energy
Dipl.-Ing. Stephan Renz, Head of the research programme on Combustion Based Energy Systems; Swiss Federal Office of Energy
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Programme
08:30

Registration starts ▪ Coffee ▪ Networking

09:00

Welcome address and introduction

09:10

The case for renewable synthetic fuels - an energy systems point of view
Konstantinos Boulouchos, ETH Zurich, Zurich

09:25

Progress and challenges for burning hydrogen in large gas turbines
Nicolas Noiray, ETH Zurich, Zurich

09:45

Renewable synthetic fuels: challenges and opportunities for IC engine combustion
Yuri Martin Wright, ETH Zurich, Zurich

10:05

Panel discussion with the speakers and conclusion

10:30

Coffee break ▪ Poster ▪ Networking

Session 1
11:00 Heavy duty diesel engines: towards 50% brake thermal efficiency and low exhaust
emissions
Gilles Hardy, FPT Motorenforschung AG, Arbon
11:25

Study of a high-pressure methane jet in a quiescent environment via optical
diagnostics and CFD
Walter Vera-Tudela, ETH Zurich, Zurich

11:50

Characterization of dual-fuel combustion processes
Kai Herrmann, FHNW, Brugg-Windisch

12:15

Lunch ▪ Poster ▪ Networking

Session 2
13:45 Thermoacoustic dynamics during operating condition transients
Giacomo Bonciolini, ETH Zurich, Zurich
14:10

Flashback behavior of methane/hydrogen mixtures in gas turbine burners
Peter Jansohn, Paul Scherrer Institute, Villigen

14:35

Sequential combustion in gas turbines – the key technology for burning high
hydrogen contents with low emissions
Mirko Bothien, Ansaldo Energia Switzerland, Baden

15:00

Coffee break ▪ Poster ▪ Networking

Session 3
15:30 Extreme scale computing in combustion: contributions to physical understanding,
theory and modelling
Christos Frouzakis, George Giannakopoulos, ETH Zurich, Zurich
15:55

Functionality and potentials of the novel electro-hydraulical valve train “FlexWork”
Patrik Soltic, Empa, Dübendorf

16:20

Research challenges for large marine combustion engines
Dominik Schneiter, Winterthur Gas & Diesel Ltd., Winterthur

16:45

Closing remarks
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The case for renewable synthetic fuels - an energy systems point of view
K. Boulouchos
ETH Zurich, Zurich
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The future global energy system must be fully “decarbonized” until around mid of the century
in order to respect the CO2-budget that is prescribed by the need to contain global
temperature change within the 2°C-range.
Since both nuclear power generation and carbon capture and storage (CCS) are debated in
terms of public acceptance and at their current technology status are not considered as
sustainability compatible technologies, the burden of the “decarbonization” strategy will
inevitably lie on renewable energy carriers. Given the vast amount of requested primary
energy at a global scale, renewable electricity will play the major role in this effort. In
particular solar (photovoltaics) and wind (increasingly off-shore) energy must dominantly
contribute to this disruptive transformation of the energy system.
Both solar and wind energy exhibit however large fluctuations in space and time. Despite
envisaged investment in new transmission electricity grids, the challenge of seasonal storage
(or for that matter over long “cold, dark and windstill” periods) remains acute. Given the
extremely limited capacity of batteries to provide such storage over long time scales, the
route over renewable (electricity generated or solar-chemical) synthetic fuels will be a must.
A round-trip “electricity  e-fuels  electricity” process can guarantee a security of supply,
albeit at low overall conversion efficiencies of the order of around 30%.
On the other hand, a second process of “sector-coupling” refers to the emerging
electrification of end-use energy services. In some of these end-use sectors (heat pumps in
buildings, battery electric vehicles in urban environments, public transport etc.) direct
electrification is the most efficient path. In some others however (industry heat and chemical
processes, long-range transport on the road, on the sea and in the air) the use of renewable
synthetic energy carriers is the only feasible decarbonization method.
Recent energy-economics studies in the European context indicate significant cost
advantages with renewable e-fuels for the overall decarbonized system in comparison to
massive direct electrification. Both H2 and synthetic hydrocarbons are candidate fuels, with
advantages for the latter in long range applications.
Using renewable synthetic hydrocarbons requests a carbon source that will ultimately involve
carbon capture and re-use but will open up new opportunities for optimization (and
development of new) combustion processes with “zero”-pollutant emissions and increased
efficiency (“designer” fuels). In order to realize this potential though, dedicated research
efforts have to be sustained over the next years (and even decades) to explore new paths
and understand science fundamentals in reaction kinetics, flame speeds, two-phase flow
phenomena, turbulence/thermochemistry interactions etc.
We can expect that such research will lead to clear improvements in the performance of both
steady and unsteady combustion based converters in the mid-term future.
References
1. European Academies Science Advisory Council (EASAC):
Decarbonisation of transport: options and challenges / March 2019
https://easac.eu/fileadmin/PDF_s/reports_statements/Decarbonisation_of_Tansport/EASAC_Decarbonisation
_of_Transport_FINAL_March_2019.pdf
2. Nationale Akademien der Wissenschaft (Leopoldina), Deutsche Akademien der Technickwissenschaft
(Acatech), Union der Deutschen Akademien der Wissenschaft (Akademienunion): Coupling the different
energy sectors – options for the next phase of the energy transition / August 2018
https://www.acatech.de/Publikation/coupling-the-different-energy-sectors-options-for-the-next-phase-of-theenergy-transition/
3. European Parliament
Sector coupling: how can it be enhanced in the EU to foster grid stability and decarbonize? / November 2018
http://www.europarl.europa.eu/RegData/etudes/STUD/2018/626091/IPOL_STU(2018)626091_EN.pdf
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Progress and challenges for burning hydrogen in large gas turbines
N. Noiray
ETH Zurich, Zurich
Humankind is facing the immense challenge of climate change. The global efforts engaged
to address this critical issue aim at future sustainable energy networks characterized by a
mix of technological solutions. In this context, natural gas fired power from large gas turbines
will serve as a lower-carbon and ultra-low pollutant emissions alternative to phasing-down
CO2 and pollution intensive oil- and coal-fired power plants. Thanks to their high operational
flexibility, with fast ramp-up and start-up time, these gas turbines will play a key role in
stabilizing the electric networks by balancing the intermittent production from the constantly
growing wind and solar capacities. The next step toward sustainable power generation using
gas turbines is to develop low-NOX H2 combustion technologies that will be key for future
energy networks. This R&D goal is already taken up by major industrial players, which have
very recently advertised their new products capable of burning up to 50% volume fraction of
Hydrogen and aiming at significantly more in the coming few years. The rationale behind is
that energy excess from renewables can be stored in the form of hydrogen by electrolysis
and injected in the gas pipelines supplying natural gas fired power plants. Depending on the
fuel composition and the H2 content, the reactivity of the mixture can drastically vary, which
brings serious obstacles to the development of new versatile combustors. Consequently,
there is a dire need for understanding, modelling and controlling the associated combustion
regimes to develop these future H2 combustion technologies.
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Renewable synthetic fuels: challenges and opportunities for IC engine
combustion
Y. M. Wright
ETH Zurich, Zurich
Internal Combustion (IC) engines presently power the majority of vehicles used for on- and
off-road freight and passenger transportation, agricultural and building machinery as well as
seaborne vessels. They are widely used also for decentralized power (co-)generation at
small and intermediate scales due to their flexibility with respect to fuel composition and rapid
load uptake capability. While direct electrification of the light-duty sector constitutes a viable
pathway towards decarbonisation of individual mobility, long-haul road and marine freight
transportation are projected to depend on IC engines in the foreseeable future. The
emergence of renewable synthetic fuels with tailored thermochemical properties however
opens up opportunities also for these applications; not only in terms of their CO 2-budget, but
also with respect to further engine-out emission reduction and efficiency gains by design of
the combustion process according to the specifics of the fuel or vice versa.
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A broad variety of chemical compounds can be synthesized starting from e-fuels or from
sustainable biomass resources, including gaseous and longer-chain liquid hydrocarbons,
alcohols, esters, ethers with widely disparate thermo-physical properties and chemical
kinetics. While the former are more relevant to the distribution network, storage/handling
considerations and fuel injection processes, the latter affect different in-cylinder processes,
such as ignition behaviour, early flame development, combustion duration and stability as
well as emission formation. While for many of these processes significant advances are
reported for conventional fossil hydrocarbon fuels in the last decades, many open questions
remain when employing synthetic fuels, in particular when oxygenated. Implications hereto
will be discussed in the context of select premixed and non-premixed combustion concepts,
highlighting the necessity for further research and development exploiting the specific
features of renewable synthetic fuels: e.g. for hydrogen-methane admixtures, with
significantly improved tolerance to high dilution levels and corresponding improvements
regarding NOx-efficiency trade-off using ‘conventional’ J-type spark plug configurations, and
the expected potentials likewise for H2-scavenged prechamber configurations, in addition to
reduction of unburned CH4.
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Heavy duty diesel engines: towards 50% brake thermal efficiency and low
exhaust emissions
G. Hardy
FPT Motorenforschung AG, Arbon
Considering upcoming strict EU regulations on CO2 after 2030 and next emissions EUVII, still
under consideration, the BTE50% project aims to investigate suitable combustion and air
handling layout for future heavy duty on-road transport vehicles. The engine contribution to
the overall CO2 target reduction of the total vehicle is around 50%, therefore it is important to
review and explore individually key technologies at sub-system level. State of the art 3D CFD
simulation combined with 1-D cycle and cycle analysis were extensively used to design,
improve and perform diagnostic of the combustion chamber geometry and gas exchange
efficiency.
Combustion layout: High peak Cylinder Pressure, chamber piston bowl, high injection
pressure, post injection and new nozzle concept were investigated.
Air handling layout: Reduced after treatment system efficiency at low exhaust temperatures
and potential N2O limit regulation as a GHG led to the development with a supplier of a
volumetric EGR pump to increase flexibility and control within the engine map.
References
1. SAE2018-01-1689 Heavy-Duty Diesel Engine Spray Combustion Processes: Experiments and Numerical
Simulations. Maes, N., Dam, N., Somers, B., Lucchini, T.,D’Errico, G., Hardy, G.
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Study of a high-pressure methane jet in a quiescent environment via optical
diagnostics and computational simulations
W. Vera-Tudela1, D. Sakellarakis1, Y. M. Wright1, K. Boulouchos1, U. Doll2, D. Ebi2,
M. Banholzer3, M. Pfitzner3
1
ETH Zurich, Zurich
2
Paul Scherrer Institute, Villigen
3
Universität der Bundeswehr München, München
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Natural gas offers CO2-emissions advantages of up to 25% compared to liquid hydrocarbons,
given that the thermodynamic efficiency of the engine working process is the same. In order
to achieve optimal process efficiency according to a diesel cycle with natural gas as a fuel,
which implies a mainly non-premixed combustion mode; direct gas injection at very high
pressures is necessary. This leads to chocked-flow at the exit of the nozzle and strongly
under expanded jets, with the injection fluid behaving as real and not ideal gas. The aim of
this work was to investigate the propagation and mixing of high-pressure, under-expanded
methane jets in a quiescent environment. To achieve this, experimental studies and
complementary simulations were carried out.
The experimental part contains measurements in an optically accessible Constant Volume
Cell, which allows the application of different optical techniques to quantify the propagation of
the jet through the ambient gases. The injector used was a single-hole axial injector working
with methane up to 300 bar of injection pressure. In a first step, the schlieren technique was
applied to study the evolution of the jet tip penetration under different injection- and chamberpressure variations, and consequently the pressure ratio [1]. As a second step, Miescattering measurements, along with simulations in collaboration with the UniBwM’s
Thermodynamic, Heat- and Mass Transfer Group were carried out to explore the possibility
of fuel condensation in the presence of strong expansion [2]. In a third step and in
collaboration with PSI’s Combustion Diagnostics Group, the tracer LIF technique was applied
under similar conditions in order to investigate the mass-fraction distribution within the jet.
Detailed RANS simulations accompanied the experimental studies. These calculations fully
resolve the flow within the injector and employ real gas thermodynamics with Soave-RedlichKwong as the equation of state. The implementation of real gas thermodynamics is an
absolute requirement for accurate computations of jet movements, penetration and mixing
[3].
The experimental results show a strong dependence of the tip penetration and radial profiles
on the pressure ratio, while the injection pressure has a small influence on them. Scaling of
the jet tip penetration and volumetric growth rate matches expressions proposed in literature.
Likewise, the hyperbolic decay of axial evolution and the development of self-similarity in the
far-field zone under appropriate normalization for each flow variable is confirmed. The
simulation and experimental results are in very good agreement. This serves as the basis for
further investigation of the dependencies of global jet metrics, mixing state, jet structure in
the near-nozzle and local distribution of flow variables in the far-field area of the jet. A
workflow for employing coarser-scale simulations under reactive conditions based on
extracting artificial boundary conditions from the detailed simulations have been developed
and first predictions of ignition delays and location will be shown.
References
1. “An experimental study on the effects of needle dynamics on the penetration of a high-pressure methane jet”,
W. Vera-Tudela, P. Kyrtatos, B. Schneider, K. Boulouchos, M. Willmann. Fuel, Vol 253, pp. 79-89, 2019.
2. “Numerical Investigation of the flow Characteristics of Underexpanded Methane Jets”, M. Banholzer, W. VeraTudela, C. Traxinger, M. Pfitzner, Y. Wright, K. Boulouchos. Physics of Fluids, Vol 31, 056105, 2019.
3. “Numerical investigation of nozzle-geometry variations and back-pressure changes on high-pressure gas
injections under application-relevant conditions”, M. Banholzer, M. Pfitzner, D. Sakellarakis, Y. Wright, W.
Vera-Tudela, K. Boulouchos. SAE World Congress 2018 – Detroit, U.S.A., Nº 2018-01-1138.
Funding
Authors acknowledge that part of this work was performed in the frame of Project Gas-Diesel Brennverfahren
from the Forschungsvereinigung Verbrennungskraftmaschinen (FVV).
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Characterization of dual-fuel combustion processes
K. Herrmann1, S. Wüthrich1, P. Süess1, P. Cartier1, C. Schürch2
1
FHNW, Windisch
2
ETH Zurich, Zurich
Lean-burn concepts are an attractive solution for the compliance with future emission
standards towards reduction of CO2 emissions, combined with considerably lower particulate
as well as NOX and SOX emissions – all that with efficiency comparable to diesel combustion.
In this regard, lean burn gas/dual-fuel engine market is spread over a wide range of
application areas, particularly targeting power generation and maritime industry. However,
dual-fuel ignition and combustion processes of pilot spray ignited lean-premixed gas/air
charge still poses considerable challenges to ensure reliable operation between misfiring and
knocking.
Previous valuable studies have investigated influences on pilot fuel ignition and properties of
dual-fuel combustion [1, 2] considering alternative pilot fuels [3]. Moreover, a
phenomenological combustion description has been developed [4]. However, the optical
experimental apparatus employed was limited in range of operating conditions and lack of
turbulence.
A novel "optical engine" test rig1 ("Flex-OeCoS") enables the investigation of pilot spray
ignition and the ensuing transition to a turbulent premixed flame. The experimental test
facility features ability to achieve engine relevant compression/combustion pressures and
temperatures at variable speeds (flow/turbulence) for an adjustable range of gas/air charge
composition. Process conditions are tunable with high procedure variance (e.g. variable
valve timing, number of cycles) to approach characteristic conditions for ignition and
combustion influencing parameters. The optically accessible combustion chamber offers
enormous flexibility to apply optical measurement methods to acquire inflammation and
flame kernel growth.
In this talk, we will present and discuss latest results of ignition process and flame
propagation in the "Flex-OeCoS" test rig based on operation and boundary conditions. Pilot
fuels with different properties have been applied. The influence of a variety of affecting
parameters has been investigated – such as gas/air charge composition, process gas
temperatures and pressures, injection rate/duration, and flow field (turbulence). Conclusions
shall give extended insight into the thermo-chemical processes of dual-fuel combustion and
the acquired reference data will be used to validate and further develop numerical CRFD
methods.
Acknowledgments
This work has been conducted by Swiss Federal Office of Energy projects (SFOE contracts SI/501546-01 and
SI/501628-01) partly within the SCCER Mobility program (CTI) and financial support is gratefully acknowledged.
References
1. S. Schlatter, B. Schneider, Y.M. Wright, and K. Boulouchos, "Comparative Study of Ignition Systems for Lean
Burn Gas Engines in an Optically Accessible Rapid Compression Expansion Machine", SAE Technical Paper
No. 2013-24-0112, 2013.
2. A. Srna, M. Bolla, Y.M. Wright, K. Herrmann, R. Bombach, S.S. Pandurangi, K. Boulouchos, and G. Bruneaux,
"Effect of methane on pilot-fuel auto-ignition in dual-fuel engines". Proceedings of the Combustion Institute 37
(2019) 4741–4749.
3. A. Srna, C. Barro, K. Herrmann, F. Möri, R. Hutter, and K. Boulouchos, " POMDME as an Alternative Pilot
Fuel for Dual-Fuel Engines: Optical Study in a RCEM and Application in an Automotive Size Dual-Fuel Diesel
Engine", SAE Technical Paper 2018-01-1734, 2018.
4. C. Barro, C. Nani, R. Hutter, and K. Boulouchos, "Spray Model Based Phenomenological Combustion
Description and Experimental Validation for a Dual Fuel Engine", SAE Technical Paper 2017-24-0098, 2017.
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Thermoacoustic dynamics during operating condition transients
G. Bonciolini, N. Noiray
ETH Zurich, Zurich
What do earth climate, traffic jams, stock market, infectious diseases and a gas turbine
combustor have in common? They can all exhibit sudden transitions to catastrophic states,
for small variation of a parameter of the system.
In the case of combustion systems, this variation might lead to a thermoacoustic instability, a
phenomenon for which the flame emits high-amplitude, potentially destructive acoustic
waves. In this talk, this very challenging problem in gas turbines development will be
presented. In particular, the dynamics of thermoacoustic systems under transient operations
will be analyzed. The case of thermoacoustic systems changing their stability according to
the value of one operating parameter will be considered. When unstable, the system exhibits
self-sustained oscillations at a fixed frequency, while when stable, one can measure damped
oscillations at about the same frequency. The feature of changing behavior when one of the
governing parameters exceeds a certain value is common to many complex dynamical
systems. This type of tipping points results from bifurcations of quasi-steady attractors [1]: for
a small change of one of its parameters, the topology of the dynamical system phase portrait
markedly changes.
In some cases, the system bifurcates to undesirable and/or dangerous states, which can be
extremely detrimental for the integrity of the system. In most cases, the system displays an
unwanted behavior for a limited interval of the bifurcation parameter, while it runs problemfree otherwise. This type of situation is the scenario considered in this talk, with stochastic
forcing of the deterministic system as an additional ingredient.
14

In this talk, three recent studies will be presented, all having a similar structure. First, the
stationary behavior of the system at study is presented. All the cases will feature
thermoacoustic bifurcations: for a certain value of one operating parameter the system will
exhibit a transition from stable to unstable operation. Each case will have a particular
signature, and different reasons generating the phenomenon. Then, the dynamics of the
system under transient operation will be analyzed; the operating parameter will be varied in
time to study the trajectory of the system through the bifurcations.
The study of bifurcation under varying conditions is very classic in literature in many different
disciplines. On the contrary, in the specific context of thermoacoustic instabilities in
combustion chambers, this topic has received only very limited attention [2], even though real
machines can be subject to rapid changes of operating conditions, like for instance
aeroengines at take-off.
References
1. P. Ashwin, S. Wieczorek, R. Vitolo, and P. Cox, “Tipping points in open systems: bifurcation, noise-induced
and rate-dependent examples in the climate system,” Phil. Trans. R. Soc. A, vol. 370, no. 1962, pp. 1166–
1184, 2012.
2. W. Culler, X. Chen, J. Samarasinghe, S. Peluso, D. Santavicca, and J. O’Connor, “The effect of variable fuel
staging transients on self-excited in- stabilities in a multiple-nozzle combustor,” Combustion and Flame, vol.
194, pp. 472–484, 2018.
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Flashback behavior of methane/hydrogen mixtures in gas turbine burners
D. Ebi, P. Jansohn
Paul Scherrer Institute, Villigen
Renewed interest in operating gas turbines on mixtures of hydrogen and natural gas
necessitates an improved fundamental understanding of the mechanisms facilitating flame
flashback and better models to predict flashback limits. Previous investigations on boundary
layer flashback were mostly limited to low Reynolds numbers and atmospheric pressure.
Kalantari and McDonell emphasized in a recent review the need for more studies at gas
turbine premixer conditions [1]. In addition, boundary layer flashback has traditionally been
investigated in non-swirling jet flames. The effect of swirl, which is present in virtually all gas
turbine burners, on flashback mechanisms and propensity is not yet well understood [2-4].
The present study aims at addressing a number of open questions through experiment and
modelling by focusing on flashback in an axial swirl burner with a practical swirl number of
about 0.6. Mixtures of methane and hydrogen with a systematic variation in hydrogen content
up to 100% are investigated. Target conditions for the experimental campaigns range up to
12 bar, 400°C preheat temperature and 40 m/s inlet bulk flow velocity. During flashback, the
flame propagates upstream along the cylindrical center body inside the premix section. The
wall temperature is controlled via oil heating/cooling to decouple the effect of a change in
operating condition (e.g., pressure) on the flashback limit from the change in heat load on the
center body that is otherwise inherently associated with the change in operating condition.
This talk will present first experimental results, mainly in the form of flashback limits that have
been measured for a wide range of conditions. Trends in flashback propensity as a function
of pressure, preheat temperature, bulk flow velocity and hydrogen content will be discussed
and compared to existing correlations aiming at predicting flashback limits.

References
1. Kalantari, A., & McDonell, V. (2017). Boundary layer flashback of non-swirling premixed flames: Mechanisms,
fundamental research, and recent advances. Progress in Energy and Combustion Science, 61, 249–292.
2. Nauert, A., Petersson, P., Linne, M., & Dreizler, A. (2007). Experimental analysis of flashback in lean
premixed swirling flames: conditions close to flashback. Experiments in Fluids, 43(1), 89–100.
3. Baumgartner, G., & Sattelmayer, T. (2013). Experimental investigation of the flashback limits and flame
propagation mechanisms for premixed hydrogen-air flames in non-swirling and swirling flow. In proceedings of
asme turbo expo (pp. 1–10).
4. Ebi, D., & Clemens, N. T. (2016). Experimental investigation of upstream flame propagation during boundary
layer flashback of swirl flames. Combustion and Flame, 168, 39–52.
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Sequential combustion in gas turbines – the key technology for burning high
hydrogen contents with low emissions
M. Bothien
Ansaldo Energia Switzerland, Baden

16

Gas turbines already play an important role in power generation, and in the light of increasing
energy demand it is foreseen that their role will continue to grow alongside renewables to
meet near term growth. In addition, the volatility of renewables in generating and dispatching
power entails a new focus on electricity security. Consequently, gas turbines are bound to
reinforce their role as guarantors of grid reliability in modern power systems by compensating
the intermittency of renewables.
Using excess energy from renewables to produce hydrogen, e.g. by electrolysis, is
commonly termed Power-to-Gas. Hydrogen features the unique capability to store energy for
medium to long storage cycles. It can be either stored pure in large underground facilities or
blended through injection into the existing natural gas pipeline infrastructure. Another
possibility is to produce methane, through methanation by the addition of CO2, with the
resulting fuel being supplied to existing gas turbines. An even more efficient way to utilise
hydrogen is to burn it directly in gas turbines allowing for completely CO2-free combustion.
The main challenge of hydrogen combustion in gas turbines lies in its increased reactivity,
i.e. burning velocity. Consequently, when burning hydrogen the flame moves upstream
compared to the case of natural gas, thus increasing the risk of flashback. All conventional
premix combustion systems fail to handle hydrogen’s special features without compromising
performance: by injecting less fuel, the flame temperature is reduced, mitigating flashback
risks by moving the flame back to its design position. As a result, however, the combustor
exit temperature gets lower and engine performance is severely reduced. Today,
commercially only diffusion type combustors are used to generate electricity with 100%
hydrogen (by power). However, large amounts of diluents (nitrogen, steam) need to be
added and NOx emissions can only be kept below the limits by using selective catalytic
reduction (SCR), both significantly reducing the efficiency of the plant.
In this presentation, it is shown how these drawbacks can be overcome by using sequential
combustion. Ansaldo Energia’s reheat gas turbines consist of two combustion chambers
arranged in series: one conventional premixed stage followed by an auto-ignited second
stage overcoming the limits of traditional combustion systems. A shift of fuel from first to
second stage compensates the higher fuel reactivity on both stages: the first stage flame
location is maintained thanks to its lower temperature, while the resulting lower inlet
temperature of the second stage keeps its flame at the desired location despite an increased
fuel flow. This can be achieved as the second stage flame is stabilised by auto-ignition,
strongly driven by the inlet temperature and less sensitive to the flame temperature which
can be maintained at full F- and H-class levels. This approach unleashes hydrogen
combustion’s full potential. It is shown that in the range from 0% to 70% (vol.) hydrogen,
stable combustion is achieved at full nominal exit temperature, i.e. without any derating and
thus clearly outperforming other available conventional premixed combustors. Operation
between 70% and 100% is possible as well and only requires a mild reduction of the
combustor exit temperature. Hence, Ansaldo Energia‘s GT36 H-Class gas turbine can be
operated on fuels containing unprecedented concentrations of hydrogen while maintaining
excellent performance and low emissions both in terms of NOx and CO2.
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Extreme scale computing in combustion: contributions to physical
understanding, theory and modelling
G. Giannakopoulos, C. Frouzakis, K. Boulouchos
ETH Zurich, Zurich
Combustion is a fascinating multi-physics process occurring over multiple temporal and
spatial scales. The quest for novel fuel-flexible devices with higher efficiency and reduced
emissions leads to new combustion regimes that are poorly understood at the fundamental
level. Enabled by advances in computational resources, direct numerical simulations (DNSs)
allow for the resolution of all relevant spatial and temporal scales, and provide an accurate
description, which, in combination with theory and experiments, can lead to valuable physical
insights into the complex interaction of the underlying physical and chemical processes.
After briefly discussing our high-order low Mach number reactive flow solver and its
scalability on today‘s high-performance computing architectures, we will present selected
examples were DNS was used to (i) assess the validity and accuracy of theoretical
assumptions and predictions for premixed flames, and (ii) complement experiments in
single-cylinder optical engines as well as in the optical prechamber setup designed and
operated at LAV. The generated high-quality DNS datasets are also been used to validate
and tune models existing in commercial and open source codes, and establish best practices
for engineering-type simulations.
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DNS of the compression stroke in the TU Darmstadt optical
engine*: Temperature stratification and wall heat flux distribution
during motored operation. Simulations performed on Argonne
Leadership Computing Facility’s (ALCF) supercomputer Theta
using 32,768 cores. Funded by the Swiss Office of Energy (BfE)
and the German Research Association for Combustion Engines
(FVV).

Instantaneous distribution of methane mass fraction
isosurfaces colored by the vertical velocity component
in the LAV optical prechamber. Simulations performed
on the Swiss National Supercomputing Center (CSCS)
system Piz Daint. Fundding provided by the Swiss
Office of Energy (BfE).
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Functionality and potentials of the novel electro-hydraulical valve train
“FlexWork”
P. Soltic1, N. Zsiga1, A. Omanovic1, W. Schneider2
1
Empa, Dübendorf
2
Wolfgang Schneider Ingenieurbüro, Thun
Variabilities are key elements for optimizing efficiency and minimizing pollutant emissions for
an internal combustion engine. While variablilities in boosting and fuel injection are
establised technologies, full flexibility in gas exchange valve actuation has not yet found its
way to mass-production. There are technologies on the market which enable some dregree
of flexibility by using camshafts with phasing devices and mechanical or hydraulical interlinks
but these solutions are complex and still rather limited in their performance. Empa has
developed, in close cooperation with Wolfgang Schneider Ingenieurbüro, the novel electrohydraulical valve train “FlexWork” which is completely cam-less, offers full flexibility regarding
valve lift and –timing, does not need any feedback-control of the lift and seating process and
shows a low demand of energy. Figure 1 (left) shows its design. A four cylinder spark ignition
engine with a displacement of 1.4 liters has been equipped with the FlexWork valve train and
has been put on the engine test bench (Figure 1, right). One speciality is that the valve train
is designed for the use of water - ethylene glycol mixture as the hydraulic fluid. This choice
was done mainly because of the higher stiffness of this fluid compared to a classical oilbased hydraulic fluid. To date, the system has performed several millions valve activations
on the fired engine without any problems. The FlexWork valve train enables, as an example,
throttle-free load control. By doing so, the brake efficiency of the engine was increased from
20.9% to 24.0%. By adding cylinder deactivation (two cylinder operation), the effieiency can
further be increased to 26.4%.
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Figure 1: CAD rendering of the FlexWork valve train (left) and FlexWork-equipped engine on the test bench (right)
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Research challenges and commercial opportunities in the large marine
combustion engine segments
D. Schneiter
Winterthur Gas & Diesel Ltd., Winterthur
The global marine transport sector is currently undergoing a slow but irreversible transition.
The increasing public pressure on environmental impact has led not only to several
International Maritime Organisation (IMO) based regulations, but also clear defined targets
from the cargo owners according UN sustainability charters.
The IMO has recognised the achievements in the research field and has recently issued
greenhouse gas reduction targets. In the defined charter, the IMO is requesting global
shipping to reduce its global GHG footprint by 50% in 2050. As global transportation is
constantly growing, a reduction of >70% intensity per vessel is required.
Ship operators are challenged to meet the regulatory and customer expectations while
keeping the freight rates at competitive levels. Additionally, local regulations come into
place. Norway as example, has released zero carbon vessel requirements starting from
2026 for inland and coastal water transportation.
Due to the power density of the engines, and the energy density of the used fuels, for longhaul oceanic shipping, the internal combustion engine will not be easily replaced by other
technologies. Consequently, the aim is to make a propulsion system with an internal
combustion engine and add on technology GHG neutral.
After several decades of little development, this situation has caused a hike of new
technologies introduced. Such technologies include at one end emission abatement for the
traditional diffusion cycle engine, addressing the gaseous emissions of heavy fuel oil (HFO)
like sulphur oxide (SOx), Nitrogen oxide (NOx), and particulate matters (PM).
At the other end and more sustainable are new fuels and electrification. Currently, the focus
is mainly on liquid natural gas (LNG), which is generally seen as the bridging fuel to the zeroemission future. Many organizations are currently investing in the needed infrastructure to
make the fuel available on a global scale. Besides reducing all before mentioned local, toxic
gaseous emissions, LNG can additionally reduce the greenhouse gas (GHG) footprint by 15
– 20%. The improvement is mainly achieved by burning LNG in a lean burning cycle. As a
technical detail, marine LNG engines are conceptualized as dual fuel engines and switch
between diffusion cycle and lean burning cycle, or apply a mix of both.
Pure electrification of a big deep-sea container vessel is not seen as a viable approach for
the moment, electrical hybridisation however is coming. Developments go into smarter
systems that better integrate the total energy management on board in the most efficient
way, and by utilising model based and self-learning controls that combine various sources
and consumers of energy.
To further reduce the GHG footprint, developers have started to look more into sustainable
fuel developments. The first vessel operators start to run test sequences with liquid biofuels
burned in diffusion cycles or bio-LNG utilising the advantages of lean burning concept.
Beside the complementation with electricity and batteries, hydrogen or ammonia drop in into
fossil fuels from sustainable sources will help to gradually reduce the GHG impact in future.
In a mobile application like shipping, such sustainable fuels shall be produced on board
either by solar, wind or wave energy, or when including better and smarter system integration
by available waste energy, i.e.: waste heat recovery systems.
Consequently, WinGD is proposing that combustion research shall focus on synthetic fuel
generation and its combustion in traditional internal combustion engines. It shall address the
challenge of fuel and combustion cycle mixes and come up with ways to simulate mixed
combustions accurately. The indefinite aim to have more efficient combustion at zero
emissions will prevail for a long time in future.
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