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Dear Readers,
Our dedicated employees at the
Institute for Combustion Engines and
the Center for Mobile Propulsion once
more enabled great research results.
With this review of our year 2019, we
are glad to give you insights in our
facilities and scientific projects.
Please do not hesitate to contact
us for further information and enjoy
reading!
Yours,

Research News
34 ..........................................................Projects
76 ...................................................Publications

Events
Institute for Combustion Engines (VKA)
Center for Mobile Propulsion (CMP)
RWTH Aachen University
Prof. Dr.-Ing. (USA) Stefan Pischinger
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94 ...........................28th Aachen Colloquium
96 .....................Engine Technology Seminar
97 ............7th FSC International Conference
98 ...Joint Workshop RWTH - TokyoTech
99 ......Symposium for Combustion Control
100 ..........................6th mobilEM Colloquium
VKA Summer and
101 .............................Christmas Celebrations

Stefan Pischinger, Head of the Institute for
Combustion Engines and Leading Principal
Investigator of the Center for Mobile Propulsion
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The Institute for
Combustion Engines (VKA)
At the Institute for Combustion Engines
(VKA) and the Center for Mobile Propulsion
(CMP) of RWTH Aachen University, we
conduct research on all topics concerning
the electrified, highly efficient powertrain
under the direction of Prof. Dr.-Ing. (USA)
Stefan Pischinger. We focus our research
equally on topics of combustion engine
development like fundamental research
on more efficient combustion processes,
alternative fuels or the improvement of
the engine mechanics and aftertreatment
systems as well as hybrid powertrains,
batteries, electric machines, mechatronic
systems, and fuel cells.

At any time, our research is closely associated with the development of intelligent
methods for test procedures and engine
calibration as well as virtual development
(x-in-the-loop). The Institute for Combustion
Engines employs more than 340 scientific,
technical and administrative employees as
well as student assistants.

© Rheinmetall Automotive AG
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The Institute for Combustion Engines (VKA)

Chief Engineers

Head of the Institute

Junior Professor

Research
Operations
Cluster of Excellence FSC

Professor Dr.-Ing. (USA) Stefan Pischinger

Mechatronic Systems
for Combustion Engines

341

113

Employees in total

Technical &
Administrative
Employees
Mechanical Workshops
Test Cell Operation
Electrical / Electronical Workshops
Administration
Secretary
IT

96

Scientific Employees
Combustion Development
Optical Diagnostics
Exhaust Gas Aftertreatment
Mechanics / Design / Acoustics
Hybrid Systems / Batteries / Electric Machines
Mechatronics / Fuel Cells / Connectivity

127

Student Assistants
Research & Administration
6

124

Completed Master
and Bachelor Theses

10

Completed
Dissertations
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Fuel Science Center (FSC)

The Institute for Combustion Engines (VKA)

v
Furthermore, the program coordinators
of the “Competence Center Power to
Fuel” (P2F) and the “Center for Automotive Catalytic Systems Aachen” (ACA)
work at FSC. Both project houses are
closely related to the topics of the cluster.
Hence, the FSC as competence center
offers facilities for interdisciplinary and
transdisciplinary work groups as well
as guest scientists. Therefore, it essentially contributes to a continuation of the
Cluster of Excellence “The Fuel Science
Center” as well as to a structural development of RWTH Aachen University.

The Fuel Science Center is located in Schinkelstraße 8 in Aachen, which
is the core area of RWTH Aachen University. The FSC offers more than
1000 m2 of laboratory area, among others facilities for detailed investigations of novel fuels under real combustion conditions. In addition to the
expansion of the already existing chemistry laboratory, for example a high
pressure chamber to visualize injection processes, two single cylinder
research engines for thermodynamic examinations and two optical engines were
installed.

„

The “Rapid Compression Machine” (RCM)
and the shock tube are operated by the
research group “Physico-Chemical Fundamentals of Combustion” (PCFC) under
direction of Professor Alexander Heufer.
In addition to PCFC, the research group
“Model-Based Fuel Design” (MBFD) of
Professor Kai Leonhard is located at FSC,
as it offers more than 600 m2 of office
area. The Cluster Office is also located at
the FSC.
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The FSC offers more than
1000 m2 of laboratory area,
among others facilities for
detailed investigations of novel
fuels under real combustion
conditions.

“

EXC 2186 “The Fuel Science Center” (ID:
390919832) is funded by the Excellence
Initiative of the German Federal and State
Governments to promote science and research at German universities:

Facilities
High Pressure Chamber (HPC):
»» Investigation of Diesel injection, mixing and ignition processes
»» Thermodynamic conditions up to 1000 K and 140 bar, simultaneous
recording of Shadowgraphy and OH*-chemiluminescence

Single Cylinder Research Engines:
»» Investigation of spark ignition and compression ignition coupled to
special measurement techniques such as infrared spectroscopy and
particulate matter sizer
»» Peak firing pressures up to 250 bar, combustion chamber with access
for optical measurement devices

Optical Engines:
»» Investigation of mixture and emission formation
»» Diesel-engine geometrically almost identical to the thermodynamic single
cylinder Diesel research engine including ω-type piston bowl and
exhaust gas recirculation
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Rapid Compression Machine (RCM):

Steady State
Mixture Formation

Ignition Tendency
and
Combustion Kinetics

Transient Mixture Formation
and
Emission Formation

Combustion Characteristics
under Real Operating
Conditions

»» Measurement of chemical ignition delay time
(typical range 2 - 200 ms)
»» End of compression pressures higher than 100 bar possible
(pressure peaks up to 1000 bar allowed)

Shock Tube (ST):
»» Measurement of chemical ignition delay time
(typical range 0.1 - 4 ms)
»» End of compression pressures higher than 50 bar possible
(pressure peaks up to 500 bar allowed)

Gas-Chromatography and Mass Spectroscopy
»» Measurement of stable species during ignition process
»» Coupled to RCM and ST via rapid sampling system (planned)

ASG AFIDA
»»
»»
»»
»»
»»
»»
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Correlation to EN ISO 5165 (CN determination)
Sample size 40 ml
20 min. per fuel
Optional: exhaust gas sampling
Automation possible
Free parameter selection
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The Institute for Combustion Engines (VKA)

Center for Mobile Propulsion
(CMP)
The “Center for Mobile Propulsion” is an
ultramodern high-quality research center
at RWTH Aachen University. Under the direction of Professor Stefan Pischinger from
the Institute for Combustion Engines, 16
institutes jointly investigate modern, electrified powertrains for mobile applications
in an interdisciplinary approach. The CMP
provides a worldwide unique infrastructure. Its spectrum ranges from numerous
component test benches, for example for
combustion engines, electric motors, traction batteries, fuel cells, and transmissions,
to complete powertrain test benches and
highly modern HiL-test bench environments.
To satisfy the progressing electrification of
powertrain components the CMP capacities have been extended. Several component test benches for transmissions and
combustion engines are now prepared for
high voltage applications. Various fuels can
be used in the CMP, enabling research and
development of clean and efficient systems
and components for the innovative powertrain. The CMP is equipped with five fuels
as a standard: Gasoline, Diesel, CNG, LPG,
and hydrogen. All test benches provide the
capability to test different components inthe-loop with a co-simulation. This means
that the component exchanges bidirection-
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al physical data in real-time with a state-ofthe-art simulation of the vehicle. It enables
the possibility to investigate the component
in a transient and realistic environment.
Moreover, the CMP offers a sophisticated
real-time network which enables the virtual coupling of individual component test
benches via an EtherCat connection. By
this, researchers can examine interactions
of single components for dynamic cases
of applications, consider the effects of different powertrain topologies and integrate
necessary control strategies of the overall
system already in an early project phase.
The CMP’s modular set-up supports a consequent research of individual components
and control concepts, which can be developed further independently without disregarding the overall system.

Furthermore, the Research Training Group “Integrated Energy Supply Modules for Roadbound E-Mobility” funded
by the German Research Foundation DFG is operating at
the CMP. In total, 25 researchers work within the research
trainee group and explore research topics around the mobile powertrain.
The Center for Mobile Propulsion is funded by the German
Council of Science and Humanities (Wissenschaftsrat) and
by Deutsche Forschungsgemeinschaft (DFG).
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Emission Chassis
Dynamometer

The Institute for Combustion Engines (VKA)

Use Extension for Hydrogen Operation
Strict emission regulations and the increasing debate on CO2 emissions moved alternative propulsion technologies in the focus of vehicle
developers. Besides battery-electric vehicles, the hydrogen propulsion
is a promising future-oriented approach to enable CO2-free mobility.
Fuel cell vehicles operated with sustainably produced hydrogen are
considered as an alternative to conventional combustion engines.
To take account of this development, the VKA emission chassis dynamometer offers the possibility to test vehicles with hydrogen propulsion
and fuel cells in the future.
The non-toxic, invisible, and volatile hydrogen sets new requirements
for the developers concerning security for example compared to gasoline: hydrogen has a broader range of ignitability.
Regulation (EG) No. 79/2009 determines fundamental requirements for
the type approval of vehicles with hydrogen technology, for the type
approval of hydrogen-carrying components and hydrogen systems as
well as for the installation of such components and systems. The regulation also defines strict requirements for the safety of these vehicles
and components as well as it stipulates various tests (for example on
pressure, leak, burst, and fire safety). These imposes new challenges
for manufacturers and of course the test laboratories.
In order to strengthen strategically the profile areas “Energy, Chemical and Process Engineering” as well as “Mobility
and Transport Engineering” of RWTH Aachen University,
the chassis dynamometer of the Institute for Combustion
Engines was rebuild in 2014.

This was intended to accommodate the scientific and legal
requirements for research infrastructure in the development
process of modern passenger car powertrain concepts.
Since February 2015, the new emission chassis dynamometer is in operation.

Thus, the existing safety concept needed to be implemented with all
corresponding hardware and software adaptions. These steps were
finalized until the end of 2019. In 2020, hydrogen and fuel cell vehicles
can be tested besides the vehicles with gasoline, Diesel, LPG, and CNG
fuels.

„

The non-toxic, invisible,
and volatile hydrogen sets new
requirements for the developers
concerning security.

“
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Aldenhoven Testing Center (ATC)

The Institute for Combustion Engines (VKA)

„

All aspects of
future challenges
and possibilities
towards modern
mobility can be
developed and
tested at ATC.

“

Aldenhoven Testing Center (ATC) is a
state-of-the-art interdisciplinary testing
center for mobility. It is operated by ATC
– Aldenhoven Testing Center of RWTH
Aachen University GmbH, a joint venture of Düren county and RWTH Aachen
University. ATC was built between 2009
and 2013 on the grounds of the former
coal mine Emil Mayrisch in Aldenhoven,
Germany, and thus represents an example for successful structural change. All
aspects of future challenges and possibilities towards modern mobility can be

developed and tested at ATC. The installation was financed by capital of RWTH
Aachen University as well as public funding of the State of North Rhine-Westphalia and the European Union (European
Regional Development Fund). Besides
twelve track elements and an Autobahn
segment in direct vicinity, automotiveGATE and a mobile communications test
field enhance ATC. All tracks and facilities can be rented out by interested institutions for their research, development
and testing towards mobility.

Connectivity
Digitalization plays an important role thanks to the
coverage with a simulated signal of the European satellite navigation system Galileo. In addition with Europe’s most advanced mobile communications test
field and further wireless networks, ATC is the ideal
place for connected mobility (V2X) research, development and validation.

Mobile Communications Test Field

Further information
is available on

Thanks to a cooperation with Vodafone an open mobile
communications test field which provides – besides dedicated WiFi – current and future mobile communication
generations for connecting vehicle and infrastructure is
installed. The test field for mobile communication provides one of the most advanced development and testing
environments for connected and autonomous traffic of
the future. Besides LTE and 5G standard configurations,
specific, individual configurations are possible. In connection with customer-specific ICT components and solutions, the required ecosystem for automotive and mobility
applications and related services can be generated.

www.atc-aldenhoven.de

Galileo
The worldwide one-of-a-kind Galileo automotiveGATE
allows development and testing of applications, systems
and components already now, i.e. before a sufficient number of satellites is available from the orbit. ATC is covered
by six terrestrial stations, so called pseudolites, which
provide a simulated signal of the currently installed Galileo
satellite system. This allows development and testing of
application systems already now.
The receiver data can be visualized online or recorded for
offline analyses. Recorded data can be played back. For
the usage of the system, dedicated Galileo receivers are
required. GPS and EGNOS signals as well as augmentation data of the local reference station can be received
and used furthermore.
16
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Test Track Elements
Twelve test track elements of different
kinds provide outstanding conditions for
research, development and validation
of single systems up to full vehicles.
Worldwide exclusive is the coverage with
a simulated signal of the European Galileo
positioning system. An open mobile

communications test field, which provides
– besides dedicated WiFi – current and
future mobile communication generations
for connecting vehicle and infrastructure is
also installed. In addition, workshop, office
and conference facilities are available while
working on site.

Vehicle Dynamics Area
The vehicle dynamics area is a flat, 210 m diameter circular surface that
can be used by passenger cars and trucks. The regular acceleration
lane is 400 m long. At the corner of the vehicle dynamics area, a duct
allows the installation of different sensors or cameras at surface level.
Thus vehicles can be shot from underneath or tire contact patches can
be analysed while the vehicle is driving. All the conditions of Euro NCAP
are met for Safety Assist Tests.

Hill Section
The hill sections offer different slops of 5 %, 12 % and 30 %.
The 12 % track can be flooded, allowing hill starts with low friction
(µ-low). The gross axle weight can be up to 10 t.

Multi-Functional Area
The multi-functional area is 65 x 100 m2 and has a max. longitudinal
inclination of 1 %. It has numerous access roads and an observation
container.
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Oval Circuit

Rough Road

The oval circuit is the central element of the testing center. It provides
a total length of approximately 2 km and comprises 3 lanes. Depending
on the lane and the curve radius, a lateral force free driving up to
117 km/h is possible. The straights are each 400 m long. Even trucks
can use the oval circuit - the gross axle weight can be up to 10 t.

To conduct evaluations of ride comfort, five different road surfaces are
available on the east straight of the oval circuit: plate bumps, saw tooth
profiles, Belgian block as well as two different rough asphalts.

Braking Test Track

Handling Track

The braking test track with different friction linings allows tests to
analyze the braking performance of a vehicle. The measuring part
of the braking test track has a length of 150 m and comprises an asphalt
and a tiles lane. Both lanes can be flooded, allowing µ-split tests.

The handling track with various curve radii allows the testing of driveability and chassis in extreme situations. It is 800 m long and 6 m wide with
adjacent run-off areas. A 1 g dip allows a dedicated vertical acceleration
of the vehicle.

Parking Area

Research Intersection

In the parking area several lots of different orientation and enclosure (like
curbs, banquet, guardrails) are available. They can be equipped with
parking sensors.

The research intersection is highly variable for individual test cases
concerning the lane setup as well as the positions and configuration
of artificial buildings. Connection points for sensors are in short
distance to each other. Positions for traffic lights, traffic signs and street
lighting are very flexible.
19
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New in 2019

Changes in the
Board of Management
In November 2019, the former chief engineer Peter Dittmann left the Institute for Combustion Engines to address himself to a new task in industry.
We would like to thank him for his effort as chief engineer and wish him
all the best for his future employment.

Conferment of Doctorate
We congratulate our employees on the conferment of their doctorate.
We wish them all the best for their future career.

Oguz Budak
Experimental and Numerical Investigations on Surface Induced Pre-Ignition in
Spark-Ignition Engines

Markus Ehrly
Peter Dittmann was involved in the institute’s research on hydrogen
propulsion and the Profile Area “Energy, Chemical & Process Engineering”.
These tasks are taken over by the new PostDoc colleague Dr. Felix Kunz.
Following his previous academic experience, he will strengthen all fuel cell
and hydrogen research activities at the VKA. Felix Kunz studied mechanical
engineering with focus on energy and process engineering at the University
of Duisburg-Essen. After his graduation in 2014, he joined the Chair for
Energy Technology at University of Duisburg-Essen as research associate.
In 2019, he graduated as Dr.-Ing. and joined the Institute for Combustion
Engines at RWTH Aachen University as postdoctoral researcher with focus
on hydrogen and fuel cells.

Investigation of Fuel Entry into Diesel Engine Lubrication Film

Daniel Henaux
Experimental Analysis of Piston Ring Dynamics on a Charged Passenger Car
Diesel Engine

Markus Jesser
System Analysis and Test Plan for a Two-Stage VCR-System

John Henry Kwee
Total System Evaluation of a Diesel-Electric City Bus with particular Emphasis
on the SCR Exhaust Aftertreatment System

Tamara Ottenwälder
Optical Investigation of the Compression Ignition Combustion Process with Biofuels

Thorsten Plum
Influence of Modern Powertrains on the Energy Demand of Automated Vehicles
Contact

Dr.-Ing. Felix Kunz
Phone: +49 241 80 48055
kunz_f@vka.rwth-aachen.de

Hariharan Venkitachalam
Metric-based Continuous Evaluation of Powertrain Software Architecture

Maximilian Wick
Real-Time Capable Algorithm for Automated Dynamic Measurement of Gasoline
Controlled Auto-Ignition

Ziqi Ye
Predictive Vehicle Speed Trajectory Optimization
22
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CMP Infrastructure Expansion
Constant Volume Sampling (CVS) Engine Test Bench, Extension of the Hydrogen
Operation Possibility’s, e.g., Fuel Cell Operation and Extended Battery Testing
Possibilities for Cell-Testing
The infrastructure of the Center for Mobile Propulsion is continuously improved and extended.
In 2019, three significant developments took place.

CVS Test Bench

Battery Testing

Besides the conventional exhaust after-treatment measurement devices, one of the 600 kW engine test benches
(V08) is updated with a CVS system. This new CVS system
allows the measurement of emissions on the engine test
bench as otherwise would be possible only on a chassis
dynamometer. Different dynamic driving cycles such as
the WLTP can now be calibrated and measured on the
engine test bench, which represents another step towards
road to rig to desktop.

The already existing possibilities for the investigation and
testing of battery systems have been extended. In addition
to the option of testing high-voltage battery systems, the
battery test laboratory has now been expanded so that battery modules up to 60 V and individual battery cells up to
8 V (final charge voltage) can be tested; this means that all
conceivable technologies and their derivatives from different battery cell types and cell chemistries can be tested in
the new battery test laboratory. A distinctive feature of the
newly installed systems is their complete integration into the
real-time network of the CMP. The DC sources/sinks can
be controlled directly via real-time systems with analog control signals. The response times for setting the currents are
approximately 250 µs, which corresponds to outstanding
value for control and regulation within the real-time network.
The possibilities of temperature control of battery systems
have also been extended. Four new temperature chambers, each with a capacity of around 240 liters, enable fully
automatic conditioning to very low temperatures of down
to -40 °C.

Hydrogen Supply
CMP now supports more hydrogen operation. Storage
space and connections for two hydrogen trailers offer
the possibility to dispose of up to 8000 m³ of hydrogen
on-site. A continuous supply of up to 170 m³/h is possible. Moreover, the connections for up to four bundles of
high-pressure gas bottles have been adapted for hydrogen operation, which is useful for buffering and small-scale
consumers. In total, seven test benches at CMP allow the
operation with gaseous fuels like CNG, LGP, and also
hydrogen. In addition, four of these seven hydrogen test
benches have a high-voltage construction, making them
ideal for operating fuel cells. With passenger car, commercial vehicle, and a powertrain test bench, they enable researchers to test the complete range of applications.

New Cluster of Excellence
“The Fuel Science Center”
Start of the Fuel Science Center in 2019
The year 2019 has been very eventful for the Cluster of Excellence. After
the approval of the proposal for the new cluster in September 2018,
we said goodbye to the Cluster of Excellence TMFB (Tailor-Made Fuels
from Biomass) with the end of the year and started the year 2019 with
a renewed zest for action and the new Cluster of Excellence “The Fuel
Science Center - Adaptive Conversion Systems for Renewable Energy
and Carbon Sources”.
With the new Cluster there have been some exciting changes. In the first
months of the year, the public appearance has undergone a complete
makeover: we happily presented the new FSC logo and managed to
move to our new homepage. Furthermore, new partners as well as longstanding colleagues are working in new research areas and are facing
some new and exciting scientific questions together.
At the research locations of the Cluster of Excellence “Fuel Science
Center”, scientists from various fields of research work in interdisciplinary
cooperation with alternative bio-based fuels.
In addition to 29 participating institutes of RWTH
Aachen University, the Forschungszentrum Jülich and
both the Max Planck Institute for Chemical Energy
Conversion as well as the MPI für Kohlenforschung are
involved as cooperation partners.

„

With the new
Cluster there have been
some exciting changes...

One of the greatest global challenges for a sustainable future is the global
reduction of greenhouse gas emissions, especially CO2. The Cluster of
Excellence pursues the goal of creating fundamental knowledge and
novel scientific methods in the development of sustainable technical
solutions in the field of alternative fuels.

“

Temperature chamber with installed test equipment

Temperature chambers (left side) and DC sources/sinks (right side)
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Welcome to Ourto
New
Employees
Welcome
Our
in the Year 2018
New Employees in the Year 2019

Jens Achenbach
Research Associate
Gasoline Powertrains

Julian Bedei
Research Associate
Hybrid & E-Mobilty

Oliver Bertrams
Research Associate
Gasoline Powertrains

Vikram Betgeri
Research Associate
Diesel Powertrains

Laurenz Breuer
Test Bench Workshop

Joel Burde
Test Bench Workshop

Stefan Camen
Test Bench Workshop

Timm Fahrbach
Research Associate
Hybrid & E-Mobilty

Michael Blomberg
Research Associate
Gasoline Powertrains

Aleksandar Boberic
Research Associate
Diesel Powertrains

Jacqueline Bollig
Accounting

Tobias Bonnekoh
Test Bench Workshop

Marcus Fischer
Research Associate
Gasoline Powertrains

Katja Fröhlingsdorf
Research Associate
Powertrain and
Vehicle NVH

Mark Herrmann
Test Bench Workshop

Yuki Kakichi
Research Associate
Diesel Powertrains
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Serap
Karahanogullari
Research Associate
Diesel Powertrains

Markus Kohrn
Research Associate
Hybrid & E-Mobilty

Theodoros Kossioris
Research Associate
Diesel Powertrains

Sascha Krysmon
Research Associate
Gasoline Powertrains

Mario Picerno
Research Associate
Diesel Powertrains

Alexander Sauer
Research Associate
Hybrid & E-Mobilty

Patrick Schaber
Research Associate
Gasoline Powertrains

Christopher
Schauerte
Research Associate
Gasoline Powertrains

Felix Kunz
Research Associate
Hybrid & E-Mobilty

Silke Liß
Secretary

Yingxu Liu
Research Associate
Hybrid & E-Mobilty

Patrick Manns
Research Associate
Vehicle Integration /
Thermal Systems

Jonathan Schneider
Research Associate
Gasoline Powertrains

Ariel Augusto
Schönberger
Research Associate
Diesel Powertrains

Paul Siroeschkin
Test Bench Workshop

Vivek Srivastava
Research Associate
Diesel Powertrains

Robert Maurer
Research Associate
Gasoline Powertrains

Matteo Meli
Research Associate
Gasoline Powertrains

Paul Pramod
Muthyala
Research Associate
Diesel Powertrains

Florian Pampel
Research Associate
Hybrid & E-Mobilty

Paul Thiele
Research Associate
Hybrid & E-Mobilty

Gabriel Tomi
Electrics

Christian Weinberger
Electrics

Patricia Wessel
Research Associate
Embedded Software
Systems
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New in 2019

Recent News of
Aldenhoven Testing Center (ATC)
It was an eventful year at the Aldenhoven Testing Center. With constant effort,
the facilities are improved to offer the best experience to all users of the test track.

Comprehensive Set-up of the 5G Mobility Lab
Thanks to a continuous development and set-up, the widespread area of the Aldenhoven
Testing Center is now covered completely with the advanced 5G network. It enables mobile
communication at one of the most advanced development and testing environments for
connected and autonomous traffic of the future.

EPGSA Meeting
In April 2019, the 40 participants of the annual European Proving Grounds Safety
Association (EPGSA) meeting visited Aachen and the Aldenhoven Testing Center.
EPGSA is a partnership between multiple commercial proving grounds with the aim of
improving safety and reducing the number of accidents. The non-profit association has
the purpose to serve as a forum for the discussion of safety related to vehicle testing.
During the meeting, representatives of 20 proving grounds participated in a workshop
on automated vehicle testing. Moreover, each proving ground representative reported on
latest accidents and incidents to share experiences and learn from each other. Besides
various opportunities for a scientific exchange, a visit at the Aldenhoven Testing Center
completed the agenda.

Mobile Communication Test Field

ISO Certification
Since November 2019, the ATC is certified according to DIN EN ISO 9001:2015. The
standard of the International Organization of Standardization (ISO) stands for a constant
improvement process. The scope at ATC includes the provision of an interdisciplinary test
field for mobility as well as corresponding processes and services like the safety concept
or booking process.
EPGSA Meeting 2019
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New in 2019

Planned restructuring of the
academic offer
To give mechanical engineering students the best possible start into their academic or professional careers, the
Institute for Combustion Engines works constantly on the
improvement of its academic offer. Various changes in
teaching are in preparation. Among others, VKA plans to
create a more simplified offer of lectures and exercises

according to the needs of today’s and future students.
Moreover, research and teaching will focus increasingly on sustainability as well as corresponding topics for
future-oriented propulsion and mobility solutions. First
insights into the planned restructuring of the academic
offer will be presented in the following two examples.

Internal Combustion Engine
Fundamentals becomes
Mobile Propulsion Fundamentals
The diversification of energy and propulsion technologies will be the key for future
sustainable automotive mobility. Thus, one of the main lectures of the Institute for
Combustion Engines extended its focus: not only combustion engines, but also the
energy conversion in fuel cells and electric machines are considered. Mainly, the lecture
deals with the conversion of fuel energy and a comparison of different propulsion
concepts. For each propulsion concept, the students learn more about their layout,
classification, characteristics, parameters, and operational behavior. Concerning
combustion engines, the lecture examines thermodynamic basics as well as the
formation of pollutants and their aftertreatment. Concerning fuel cells, basic principles
of electrochemical energy conversion in a fuel cell are introduced and influences on
the operational behavior as well as important characteristic values are discussed.
Conclusive, the students approach the physical principles of electrical machines and
different machine types as well as their characteristic maps are introduced.
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New orientation in the field of study
“Energy Engineering”
To meet the requirements of modern and sustainable energy and propulsion systems
a fundamentally revised structure of the master program of Energy Engineering will be
established. The introduction of the newly developed structure is planned for the winter
term 2020/21. The principle framework of the new master program will be subdivided
into three major fields of specialization, “Mobile Propulsion”, “Energy Supply” and
“Energy System Design”.
As an important feature of the newly developed structure, a comprehensive compulsory
area will be established which is identical for all specializations, focusing on the
fundamentals for each prospective engineer in the field of energy technologies.
Apart from that, each specialization will benefit from specifically tailored module
catalogues, addressing the inherent requirements of each of the three superordinate
fields. Extended possibilities of choice are provided to the students to develop their
individual academic profile within the framework of the master program ‘Energy
Engineering’ by establishing two extended categories of elective modules and lectures.
The integration of novel modules and extensively revised lectures as well as the
inclusion of a large global elective field will further contribute to the high attractiveness
of this master program and enable students to compose a personalized set of courses
in accordance with individual interests.

33

Research
at the Institute for
Combustion Engines
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Research News

New Materials to Maximize
Engine Efficiency and Minimize
Emissions

Formaldehyde is a toxic, carcinogenic naturally occurring
organic compound. The immediately dangerous to life
or health (IDLH) value for formaldehyde defined by the
US National Institute for Occupational Safety and Health
(NIOSH) is 20 ppm. To avoid dangerous formaldehyde
emissions in the environment, exhaust aftertreatment systems for future applications have to convert formaldehyde
in a highly efficient way. Since formaldehyde in sufficient
concentration is not available in gas cylinders, ACA
designed and built up an in situ formaldehyde generator

(ISFG) which allows to produce formaldehyde in situ at the
laboratory test gas bench (LGB) in the required concentration from methanol through partially oxidation with oxygen
(O2). As shown in Figure 1, core of the ISFG is the titan
made reactor which is filled with an ACA developed Vanadium pentoxide on alumina (V2O5 /Al2O3) catalyst.
Through the upstream vaporizer the ISFG is able to use
liquid methanol as well as methanol from gas cylinders.
Detectable by- and side-products are water respectively
carbon monoxide and dimethyl ether.

Recent Progress in the Center for Automotive
Catalytic Systems Aachen
In February 2014, the Center for Automotive Catalytic Systems Aachen (ACA) was
founded at RWTH Aachen University. The Project House was initiated to enable interdisciplinary research in the field of catalytic exhaust gas aftertreatment. It was funded
by resources of the Institutional Strategy II as part of the Exploratory Research Space
(ERS) of RWTH Aachen University.
Currently, ACA unites institutes of the departments of mechanical engineering, physics
and chemistry; these are: the Institute of Inorganic Chemistry (IAC), the Institute for
Technical and Macromolecular Chemistry (ITMC), the Institute for Combustion Technology (ITV), the Institute for Combustion Engines (VKA), the Institute of Heat and Mass
Transfer (WSA), the Materials Synthesis and Processing group of the Institute of Energy
and Climate Research (IEK-1, FZ-Jülich) as well as the Central Facility for Electron Microscopy (GFE). The high grade of interdisciplinary work allows an integrated regard of
catalytic processes from molecular level up to the macroscopic total system. Thereby,
all aspects of the exhaust gas catalysis, from material synthesis to analysis to system
integration, can be researched on a multidisciplinary level and holistically optimized.

Fig. 1: In situ formaldehyde generator (ISFG) designed by ACA

First investigations with formaldehyde were carried out on
a commercial NOx Storage Catalyst (NSC). In Figure 2, a
typical light-off experiment is shown as it is used for the
characterization of NSC. The grey area shows the formaldehyde concentration upstream the catalyst. It can be observed that the measured concentration (blue) is equal to
the dosed concentration (black) ψCH2O,dosed = 360 ppm.
Then the catalyst is heated up to 500 °C. When the
temperature is reached, the dosing of formaldehyde starts
under lean conditions. After a stabilization time, tempera-

ture at the inlet of catalyst is decreased with a ramp of
-5 K / min. It can be observed that formaldehyde cannot
be completely converted at a temperature below 200 °C.
At 100 °C the slipping formaldehyde reaches the maximum level at ψCH2O = 270 ppm and obviously catalyst
temperature is not high enough to convert formaldehyde
completely.
The result proofs that the behavior of formaldehyde
on catalysts needs to be further investigated in order to
ensure that formaldehyde cannot be emitted.

The necessity of such a holistic consideration becomes clear while regarding the
global challenges of the 21st century. Particularly global warming as well as increasing
shortage of natural resources should be pointed out. Furthermore, future emission
legislations for combustion engines put high requirements on engine and exhaust gas
aftertreatment concepts through strict pollutant limits and demanding test cycles as
well as through CO2 fleet limits respectively combustion engine efficiency targets. In
this environment, the ACA core competences are essential for the research in the field
of exhaust aftertreatment systems. Within the broad challenges in this research area,
the two key aspects in 2019 were the influence of alternative fuels in cooperation with
the Cluster of Excellence “The Fuel Science Center” and the NOx reduction of lean
combustion systems within the research projects “EAGLE” and “DeNOx”.
In the Cluster of Excellence “The Fuel Science Center” new oxygenated bio-hybrid fuels
have been investigated and developed. With these new bio-hybrid fuels the composition
of the hydrocarbons in the exhaust gas change and new species occur. One of these
new species, which results from combustion of oxygenated fuels, is formaldehyde.
36

Fig. 2: Measurement with ISFG and a NSC from serial production with
at the inlet of the catalyst under lean conditions

CH2O

= 360 ppm
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Fig. 3: Measurement with ISFG and a NSC from serial production with ψCH2O = 360 ppm at the inlet of the catalyst under lean
conditions

A comparison of the EAGLE catalyst with a reference
catalyst is shown in terms of NOx regeneration efficiency, NH3 selectivity and N2O selectivity at an inlet gas
temperature of 250 °C in Figure 3 (right side). The NOx
regeneration efficiency of the EAGLE catalyst is only 5 %
lower than the reference despite of the difference in the
NOx storage capacity. The Ammonia production of both
catalysts is on a similar level, while the N2O formation is
decreasing with optimized EAGLE mini catalysts, which is
positive for possible future legislations.
Simulations of catalyst behavior are carried out to design
optimized performance for the desired boundary conditions in the project. In addition, a full size demonstrator
for multi-cylinder engine tests will be coated with selected
materials from LGB measurements and delivered for engine test bench measurements at project partners.
A similar final goal, but a more flexible application of a NOx
reduction system is targeted in the BMBF funded research
consortium “DeNOx”. The DeNOx system will combine
38
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the existing approaches for NOx reduction, NOx storage
catalyst (NSC), and Selective Catalytic Reduction catalyst
(SCR) in one system. NSC can store emitted NOx in its
catalytic layers. Once the storage is filled, which usually
takes a few minutes, the engine operation is changed to
a mode with fuel excess in the combustion chamber so
that hydrocarbons, carbon monoxide, and hydrogen are
emitted. These components are used to reduce the stored
NOx to nitrogen. In contrast to the NSC, the SCR system
operates continuously, using Ammonia as reductant. This
ammonia is generated within the system from an injected
aqueous urea solution (AdBlue®).
The new DeNOx system shall now combine these two
approaches within one system to use synergetic effects.
In the first phase the system acts similar to the NSC and
stores the emitted NOx in its catalytic layer. In the following
regeneration an optimized catalyst for the water-gas shift
reaction (WGS reaction) is used to convert most of the
emitted hydrocarbons and carbon monoxide to hydrogen.
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parable SCR systems. To realize this functionality new
materials for the main tasks, NOx storage, SCR reaction,
and WGS reaction are essential. These materials will be
investigated by the ACA Institutes IEK1, IAC, and ITMC.
Different catalytic materials for NSC, SCR, and WGS
functions from research partners are tested on the laboratory gas test bench of VKA in form of granules as well as
mini catalysts. A ranking program is established for each
type of materials. The material selection for prototype
catalysts as well as physical approaches for double layer
catalyst models are supported by these investigations.

12000
8000

C3H6 / ppm

45

NOx storage / (mmol/l)

NOx reg.
eff.
NOx
regen.
at 250°C / %
efficiency
at 250°C / %

EAGLE catalyst
Reference

1600

Ce-Al
CeO2
Cu-Zn

NH3 / ppm

50

2000

CO / ppm

Maximum NOx storage capacity

This high concentration of hydrogen can be used to reduce the stored NOx, beyond nitrogen, to ammonia. This
ammonia will be stored in the SCR layer of the system
and can be used in the standard SCR reaction. In the
following phase of normal operation this ammonia will
reduce the emitted NOx to nitrogen.
Therefore, the time until the NOx storage is full and regeneration is needed is much longer than in NSC systems.
Similar to the SCR system an additional AdBlue® dosing
can be used to enable an even longer continuous operation, but with lower AdBlue® consumption as in com-

NO / ppm

rable NOx storage performance at 250 °C with reference
as well as a better performance at 350 °C. Mini catalysts
were produced with different material and coating technology variations. Besides barium and ceria, zirconium and
strontium is also tested because of their promising ageing
stability and higher NOx storage. In Figure 3, the NOx storage capacity at different temperatures and results of lean
rich cycling measurements with the optimized EAGLE mini
catalyst are shown in comparison to a reference catalyst
from serial production. Maximum NOx storage capacities
(left side) of the optimized mini catalyst is only 10 % lower
than the reference catalyst in the measurements with
ψNOx = 70 ppm at the inlet of the catalyst.

NOX,

The main focus of the EU funded project consortium
“EAGLE” is the research and development of an ultra-lean
operated gasoline engine for optimized engine efficiency.
Within this project VKA in cooperation with ACA continued to develop an innovative NSC from the material to a
full size demonstrator. Mainly, the influence of new NOx
storage and support materials as well as material combinations with regard to synergistic effects are investigated.
With this purpose a methodology of catalyst design and a
catalyst for lean burn SI engines is introduced.
Regarding investigations with granules in 2018, a ceria
and barium contented impregnation material is selected
for measurements with mini catalysts due to its compa-
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Fig. 4: Lean rich cycles with WGS materials in form of granules with Tinlet = 250 °C,
SV = 80000 h-1, ψNO = 500 ppm, ψC3H6 = 200/2000 ppm, ψCO = 500/18000 ppm,
ψO2 = 6.5/0.67 %, ψCO2 = 11 %, ψH2O = 6 %.

As an example of new materials for automotive applications
tested at VKA, results of materials with WGS function in
fresh conditions are shown in Figure 4 at an inlet temperature Tinlet = 250 °C. After 10 minutes lean duration, a rich
gas matrix is introduced to the sample, in order to observe
behavior under rich conditions. Two conventional WGS
materials from serial production such as aluminium oxides
with cerium (Ce-Al) and cerium oxides (CeO2) as well as
an innovative copper zinc (Cu-Zn) mixture from ITMC are
compared in terms of H2 production, NH3 formation as
well as N2O production. After switching to rich conditions

for each material at the second “0”, copper zinc shows a
faster formation of H2 and NH3 in comparison to the conventional materials. 90 % of dosed NOx converts to NH3
at the 40th second in rich conditions. Such a high NH3 selectivity at mid temperature can be stored effectively on the
SCR layer of the combined catalyst of the DeNOx project.
These results proof that the principle of the DeNOx approach is reasonable in the first place. By implementation
of the new materials that are currently developed within
ACA, this effect is expected to be more significant and
thus can optimize the engine operation regime.
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Test Bench for Low Voltage
Power Net Development

Facing the challenges of further efficiency improvement and steadily declining CO2 limits
in the automotive sector, the importance of power net development has grown continuously. In addition to the initially dominant demand for a reliable energy supply for the electrical components and a sufficient battery charge, other aspects are becoming more and
more relevant. The increasing demand for electrical energy, new comfort and assistance
functions, the electrification of auxiliary systems, as well as the automated driving require
new impulses in the area of electrical systems and the electrical energy management.

However, 48V technology requires further development, e.g. in component development
or dimensioning and in energy management, in order to enable efficient and particularly
cost-effective solutions. Hence, a modular, flexible and innovative test bench concept
has been developed at the Center for Mobile Propulsion. With its flexible concept, the
test bench offers the necessary degrees of freedom for effective power net development,
which is not limited to isolated component tests, but also enables development under
realistic boundary conditions in a system network using X-in-the-Loop methods. In general, the test bench is suited excellently for the investigation of electrical dynamics, the
validation of technical specifications, also within the scope of standardization for low-voltage power nets. Furthermore, it offers a reliable environment for the development and
validation of component software and diagnostics, e.g. inverters or battery management
systems. In addition, valid studies on the feasibility and functionality of various power net
components or concepts are possible.

Fig. 2: Layout of the low voltage power net test bench
Fig. 1: Consumer landscape - 48V enables a multitude of additional and innovative features in the powertrain, safety, chassis,
and comfort domain

In particular, dual battery and dual voltage power supply systems in the low-voltage
range promise significantly increasing efficiency without large technological or financial efforts. Depending on the vehicle segment either an extension of the established 12V micro
hybrid technologies or new 48V mild hybrid concepts are conceivable. Both technologies
offer an increased recuperation capability, improved stop-start systems, new functionalities such as sailing or boosting and need minor adjustments of the drive train.
40

On one hand single parts of the test bench can be used to develop, characterize,
validate and test individual power net components as the electric machine, battery,
DC/DC or further electric auxiliaries. The high-speed electric drive is able to operate up
to 18000 rpm. With a maximum power of 46 kW it is sufficient to cover future electric
machine designs for 48V applications. At the same time, 48V or 12V batteries can be
tested in a conditioned ambient environment. In addition to testing individual power net
components, the test bench also includes an arc generator for investigating physical
phenomena or for developing and validating detection algorithms, for example.
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Kopernikus Power-to-X:
Oxymethylene Ethers as Alternative
Fuel for Diesel Engines

The Kopernikus Power-to-X project investigates the
potential of oxymethylene ethers (OME) and OME-Diesel
blends as alternative fuel for Diesel engines. The investigated fuel blends include various OME chain lengths
such as OME1, OME2, OME3, OME4, and OME3-5.
Among the considered test facilities are a cetane number
tester, a high-pressure combustion chamber with optical
access, a single-cylinder research engine, and a laboratory gas bench. In addition, powertrain simulation tools
are used to quantify the emission reduction potential by
different OME-Diesel blends in dynamic driving cycles.

Fig. 3: Low voltage power net test bench in the Center for Mobile Propulsion

On the other hand, the test bench can be coupled with virtual subsystems in any arrangement via a Hardware-in-the-Loop (HiL) simulator and operated in a closed loop. This
means that individual components or the entire power net system are controlled via the target software and the actual response of the electrical system is fed back into the software
and considered in the operating strategy. In contrast to conventional open loop tests, these
so-called X-in-the-Loop methods enable a realistic operation of the electrical components.
This opens up a multitude of possibilities.
From a component point of view, operation in a real system, such as operation of the
electric machine at the real battery voltage or the electrical dynamics in a dual battery
architecture, enables a more comprehensive validation of the component properties and
software. In particular, modelled process variables and diagnoses are subjected to a
further operating spectrum, which not only analyses the quality but also detects faults.
From a system point of view, the HiL power net test bench offers the necessary toolchain for an application-oriented development of electrical energy management functions
based on variable load scenarios in realistic driving cycles. Moreover, valid statements on
the performance of components, but also on the electrical energy balance and voltage
stability of the power net system can be made by replicating the physical power net.

Pure OME shows a practically soot-free combustion,
which is attributed to the high oxygen content (42 - 48 wt.%),
the absence of C-C bonds, and the favorable mixture
formation and ignition characteristics. The latter is shown
in more detail in Figure 1. Unlike Diesel, the diffusive
combustion of OME shows no overlap between the
liquid phase and the combustion region, indicating less
fuel-rich zones. This favorable behavior is also observed
for OME-Diesel blends. Further details on the tests at the
high-pressure chamber can be found in ref. [1].

Thus, the HiL power net test bench complements the development process and enables
a considerable potential for time and cost saving through the virtualization and improvement of individual development tasks. Furthermore an iterative combination of Modeland Hardware-in-the-Loop approaches can be used to increase the maturity in an early
phase of the development.
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Fig. 1: Combustion of a fuel spray injected into an optical accessible high pressure chamber at
Pfuel = 1000 bar, Tair = 800K and Pair = 50 bar. Liquid, gaseous, and combustion regions are
visualized via Mie-Scattering, Schlieren, and OH-Chemiluminescence, respectively
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Investigations on the single cylinder engine show that a partial substitution of Diesel by
OME leads to a significant soot reduction and thus to the suppression of the NOx-soot
trade-off. This is shown in Figure 2 for two operating points and different OME-Diesel
blends. Finally, with pure OME there is no detectable soot and hence no NOx soot
trade-off. Further details on the investigations with OME on the single-cylinder research
engine can be found in ref. [2] and [3].

Within the simulation environment, a systematic variation
of EGR rates and OME-blending ratio was performed.
Also, two configurations of NOx-ATS are compared,
named hereinafter as the active and passive NOx-ATS.
The active NOx-ATS consists of a DOC-DPF-SCR
system representing the baseline. The term ’’active’’ is
given because of the necessity to actively dose AdBlue
for SCR operation.
The passive NOx-ATS consisted of an LNT-DPF configuration. In contrast to typical LNT applications, the LNT
was purged passively by a modified engine control, which
allows short phases of rich combustion whenever the
turbocharger is lagging, e.g. during vehicle acceleration.
Except of the passive LNT-purge events, no active purging
of the LNT was performed.
Figure 3 shows TP-NOx and soot accumulation in a
pre-loaded DPF for a C-segment vehicle in the WLTP cycle. As the OME content increases, the trade-off between
TP-NOx and soot accumulation in the DPF is suppressed.
High OME blending rates lead to negative soot accumulation in a the pre-loaded DPF, suggesting that within the

cycle the passive soot oxidation rate by NOx (CRT effect)
is higher than soot entering the DPF. Thus, under these
conditions, it can be anticipated that active DPF regeneration events are redundant for a fuel with high OME
content.
Furthermore, it can be seen that the passive NOx-ATS
shows a higher soot accumulation in the DPF compared
to the active-ATS. This is attributed to the engine operation strategy for the passive NOx-ATS, which allows
frequent rich combustion phases to purge the LNT.
However, when the OME content is sufficiently high (e.g. >
50 vol.%), the soot accumulation level of the passive NOxATS strategy becomes near-zero. Hence, with high OME
contents in the fuel, a simplification of the NOx-ATS from
active to passive becomes possible.
The drawback of the passive NOx-ATS is a higher fuel
consumption at very low TP-NOx levels, attributed to the
increasing frequency of passive LNT purge as EGR levels
increase. This drawback has to be weighed against the
benefits, such as lower complexity and absence of AdBlue
consumption.

Fig. 2: Filter smoke number (FSN) versus NOx as dependent on the OME blending
rate and OME chain length

The single cylinder engine tests also showed that hydrocarbon and carbon monoxide
emissions are lower than Diesel operation. Some of these hydrocarbons are unburned fuel,
i.e. OME molecules. The conversion of these OME molecules in a Diesel oxidation catalyst
was investigated on a laboratory gas bench. From the experiments the light-off temperatures were deduced, which correspond to the temperature at 50 % conversion efficiency.
The light-off temperatures were found to reduce with increasing OME chain length as
following: OME1: 106 °C, OME2: 90 °C, OME3: 84 °C, OME4: 60 °C. These light-off temperatures are considered very low when compared to other fuels that have been tested in
the same experimental set-up. Further details on the tests at the laboratory gas test bench
can be found in ref. [1]. The low sooting tendency, the good ignition characteristics, and
the low HC and CO emissions of OME-based fuels enable to increase in the exhaust gas
recirculation rate, thereby achieving a significant engine-out NOx reduction. This provides
the potential for both a reduction of Tailpipe-NOx (TP-NOx) and a simplification of the
NOx-Aftertreatment System (NOx-ATS). Both aspects were investigated by a simulation
approach. The parameterization of the simulation models was done with data from the
single-cylinder engine measured by a global design of experiment approach.
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Fig. 3: Simulation results for a C-Segment vehicle performing a WLTC cycle
with an active and an passive NOx-ATS
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Ultimate System Efficiency:
The Internal Combustion Engine
for 2025+

Compared to gaseous e-fuel candidates (H2, CH4, DME),
which also have the potential for low pollutant emissions
and are more affordable, OME offers the clear advantage
of being a liquid fuel. Thus, fuel logistics and engine hardware are less complex.
To take advantage of that, synthesis pathways for OME
must be further improved, in particular with regard to the
energy demand. Supposing the latter is achievable, OME
can be considered as a potential e-fuel for dedicated
combustion engine applications.

[1].

[2].
[3].

Characterization of Oxymethylene-ether (OME) and OME-Diesel blends for Diesel engine applications , A. Omari,
T. Ottenwälder, B. Wolkenar, S. Jacobs, P. Dittmann, B. Lehrheuer, K. A. Heufer, S. Pischinger, Conference pro-		
ceedings - ENCOM 2019
Potential of oxymethylenether-Diesel blends for ultra-low emission engines, A. Omari, B. Heuser, S. Pischinger, 		
Fuel, vol. 209 (2017) 232–237
Potential of Long-chain Oxymethylenether (OME) and OME-Diesel blends for ultra-low emission engines, A. Omari,
B. Heuser, S. Pischinger, Ch. Rüdinger, im Review in Applied Energy, vol. 239 ( 2019) 1242-1249

CO2 targets in the range of 68 to 75 g CO2/km are expected from 2025 and beyond within the European Union.
This ambitious goal can only be achieved with a great penetration depth of hybridized powertrains. This dictates the
task for each manufacturer to develop a propulsion system
with a favorable cost-to-CO2-benefit ratio. An integral part
of such system will most likely be a spark ignited combustion engine, which has to deliver an overall efficiency close
to the optimum theoretical efficiency in operating points
relevant for hybrid operation strategies. However, an open

point is the achievable maximum overall efficiency under
real world conditions with an engine incorporating conventional, mature and therefore inexpensive technologies.
The goal of the project is the optimization of the combustion engine aiming for an overall engine efficiency close
to 45 % in engine operation points relevant for operation
of HEVs or PHEVs. The outcome of the project is a rating
which technologies are most effective with regard to overall engine efficiency, bearing minimum risk and can preferably be used complementary to improve engine efficiency.

Fuel Candidates
Innovative synthetic fuels show a high potential to improve
the combustion process in terms of efficiency and emission formation, which is the focus of VKA in this research
work. Four fuel candidates were defined for testing:
RON95E10 “pump fuel”, methanol, methyl formate, and
a fuel blend “G70M15E15” with 70 %v/v RON95E10,
15 %v/v methanol and 15 %v/v ethanol. The most relevant
specifications of these fuels are listed in Table 1:
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					Base		Methanol
Methyl 		Blend		EN228
					RON95E10			formate
G70M15E15 Limits
					
		
C2H4O2
various		
Sum formula				various		CH3OH		
C/H/O content / %m/m		
83/13/4
38/13/49
40/7/53
71/13/16
max. 3.7 (O)
Density (15 °C) / kg/m3			746		790		980		760		720 - 775
Boiling temperature / °C		
35 - 196
65		
32		
38 - 192
max. 2019
ca. 30		
179		
187		
ca. 60
Enthalpy of vaporization /kJ/kgair
Stoichiometric air requirement / 1
13.9		
6.5		
4.6		
12.0
Lower heating value / MJ/kg		
41.7		
19.9		
13.1		
35.7
Research octane number / 1		
95.4		
108		
112		
100.8		
min. 95
Tab. 1: Fuel candidates and specifications
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The highest oxygen mass fraction of methyl formate
leads to the lowest mass specific heating value, whereas
RON 95 E10 has the highest mass specific heating value
among the four investigated fuels. Compared to the base
fuel, this corresponds to a reduction of the mass specific
heating value by 14 % for the blend, 52 % for methanol,
and 69 % for methyl formate. Since the reduction of the
oxygen content inherently leads to an increase of the den-

sity, the volume specific heating value is slightly changed.
The specific enthalpy of vaporization is highest for methyl
formate and close to that of methanol. Both values are
a factor of 6 higher than for the base fuel, leading to the
highest evaporative cooling effect. Since 30 volume percent of alcohol was added to the base fuel in case of the
blend, an increased cooling effect compared to the base
fuel may be expected.

Single Cylinder Investigations
The previously selected fuel candidates were characterized
in terms of efficiency and emission reduction potential.
To do so, thermodynamic investigations on a single cylinder
research engine were performed. The specifications of the
single cylinder engine are listed in Table 2.

Fig. 2: Results of the relative air/fuel-ratio variation with the four fuel candidates

Outlook

The investigated operating points are visualized in Figure 1.
In addition to the stoichiometric operating points, variations
of the spark timing, relative air/fuel-ratio and EGR ratio
were performed.

Fig. 1: Single-cylinder research engine
specifications

To exploit the fuel potential of regenerative synthetic
fuels, even higher compression ratios and higher charge
motion levels are required. Specifically for this purpose,
a new long-stroke cylinder engine was designed and developed. Future investigations are expected to show even
higher efficiencies and lean limits due to the increased
tumble motion. In parallel, a new fuel injection system will
be tested which is capable of pressures up to 500 bar.

Displacement					400 cm3
Bore / stroke					75/90.5 mm
No. of valves					4
Compression ratio				10.8:1, 14.7:1
Intake and exhaust event length (1 mm)
186/186 °CA
Intake and exhaust cam phasing range
55/55 °CA
Max. peak cylinder pressure			
170 bar
Fuel injection pressure				
200 bar
Tab. 2: Single-cylinder research engine specifications

With the focus on increasing the indicated efficiency, the
fuel candidates were also investigated under lean engine
operation as can be seen in Figure 2. The relative air/
fuel ratio variation was performed at an engine speed of
2500 1/min and IMEP of 16 bar. Even without optimized
calibration of all operating parameters, the potential of
synthetic fuels in combination with lean combustion is
clearly visible. A high RON and heat of vaporization of
methanol, methyl formate, and the blend allowed an
increase of the compression ratio by 4 units to 14.7.
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The highest efficiency was achieved with methanol, which
also ensures stable combustion at high dilution rates
due to the high adiabatic flame speed. The operation of
methyl formate was limited by pressure fluctuations in the
fuel system as a result of a low boiling temperature and
cavitation. However, the high RON and heat of vaporization
reduce the knock tendency as well as allow an optimum
combustion phasing and efficiency gain compared to the
base fuel. As a short-term candidate, the fuel blend is a
promising compromise between methanol, ethanol, and
the base fuel, which allows a significant increase in efficiency and reduction in NOx emissions.
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Oil Input into Combustion

Fig. 1: Oil aerosol dosing positions with central or lateral
inflow position into intake manifold and measurement
positions for optical oil aerosol measurements

Introduction and Motivation
CO2 emissions have long since become a political issue.
On the one hand, automobile manufacturers are forced
by legislation to increasingly low-consumption engines,
on the other hand, as new registration figures of the
legislator prove, a clear trend towards increasingly more
powerful engines can be recognized. But what is the
answer to that contradicting design conflict?
Downsizing concepts with gasoline direct injection,
which are currently being pursued on a broad scale in
industry, represent a forward-looking approach here. In
addition to the undeniable advantages in terms of fuel
consumption, the small engines with their compact combustion chambers increase the risk of pre-ignitions at
low engine speeds and high loads (Low Speed Pre-Ignition - LSPI).
LSPI is alongside the particulate emissions restriction
the main driver in specifying the amount of oil allowed to
enter the intake manifold through crankcase ventilation,
turbocharger seals, and valve stem seals. In addition,
the oil consumption of internal combustion engines is
regarded by all manufacturers as an essential functional

parameter, regardless of the size or application of the
engine.
The root cause of LSPI is currently subject to many
investigations conducted by researchers, suppliers, and
engine manufacturers. One of the most probable causes
of LSPI is the ignition induced by self-igniting oil droplets
in the combustion chamber.
The aim is to determine which oil droplet characteristic
has the strongest influence on pre-ignition in highly supercharged gasoline engines with direct injection.
The benefit of this investigation lies in the determination of specific values for oil droplet characteristics with
regard to the occurrence of pre-ignition effects, from
which on the one hand the possible sources of such
oil droplets (turbocharger, crankcase ventilation, valves
and charge air cooler) and on the other hand limit values
for the criteria as mentioned above can be derived. The
exact knowledge of such limit values allows the configuration of an improved engine operation and thus an
increased fuel efficiency.

Optical Investigations
Additionally, optical investigations of the oil aerosol transport have been conducted with an in-house developed
optical laser sheet measurement method (Figure 2) and
additionally with a prototype particle size spectrometer
(Figure 3) from Topas. Both methods are utilizing the Mie
scattering light to measure either the reflected area (laser
sheet) or the light intensity (particle spectrometer) to
obtain droplet sizes.

Fig. 2: Experimental setup of developed laser-sheet oil droplet
measurement method showing laser and camera position and the resulting measurement plane

Research Approach
Engine Test Bench
First of all, a test bench investigation to obtain the
baseline pre-ignition level of the specific turbocharged
4-cylinder Ford 1.6l test engine has been conducted by
several times four hours steady state engine testing at
a typical low-end torque operating point (n=1500 rpm;
IMEP=19.5 bar). The next test bench phase included
a testing of controlled oil dosing at different positions
in air path of a turbocharged gasoline engine in order
to simulate not ideally designed or worn parts in the air
50

path (Figure 1) as well as parts collecting and releasing
oil droplets back into the free stream. Different test oil
formulations have been chosen in order to investigate
the impact of Molybdenum and calcium additives on
LSPI. The oil dosing has been realized by utilizing a
Palas PLG2100 aerosol generator, which is designed to
simulate a typical droplet size distribution of recirculated
engine blow-by after oil separation (Figure 6). All occurring pre-ignitions have been recorded during steady
state testing, and evaluated subsequently.

Fig. 3: Experimental setup of sample probe extraction tubes in front of each cylinder for the optical
oil aerosol measurement with the particle size spectrometer

These optical investigations did provide valuable information about the oil
aerosol transport in the air path and validation data for the numerical investigation by the means of 3D-CFD.
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Numerical Investigations
For these numerical investigations, a transient Lagrangian multi-phase simulation
approach has been chosen as a suitable method to investigate the droplet transport
of the oil aerosol consisting of droplets with a mean diameter of ca. 1.5 µm. Since the
entire air path is too large to investigate with a single simulation model, sub models
for each part of interest have been created to ensure an optimal investigation of the oil
droplet transport: turbocharger, charge air cooler, and the intake manifold.
Furthermore, a multicomponent oil surrogate has been utilized to match the physical
characteristics of the used engine oil. Transient flow boundary conditions were applied
to the respective sub models to match the experiments.

Results
The most noticeable impact of the controlled oil dosing on pre-ignition could be observed, when the oil aerosol has been dosed upstream of the compressor (Figure 4). The
pressure-difference-controlled aerosol generator was capable to dose larger amounts
of oil into the air path compared to the dosing positions downstream compressor,
which revealed the highest pre-ignition sensitivity of the test engine with increasing oil
amounts. The oil dosing positions upstream and downstream of the charge air cooler
resulted in no significant pre-ignitions sensitivity as well as the increased oil dosing
into the intake manifold. Figure 4 also shows that the different oil formulations are not
resulting in different pre-ignitions, which was not expected, since calcium has been
proven to increase the amount of pre-ignition events.

Fig. 5: Experimentally determined cylinder individual pre-ignition rate for the oil aerosol dosing
positions resulting in central oil aerosol inflow (left) and lateral (right) into the intake manifold
normalized to the total number of pre-ignitions of the respective dosing position

In Figure 5, it can be observed that the pre-ignition frequency distribution on each cylinder is quite similar when the oil aerosol enters the intake manifold central after throttle
flap. A different distribution is created, when the oil aerosol is dosed lateral into the
intake manifold. In fact, the pre-ignition frequency of the cylinder closest to the dosing
position is increased.
The result of the particle size spectrometer investigations in Figure 6 showed a non-disturbed droplet size distribution reaching the cylinders, since no change of the droplet
size distribution caused by any engine parts downstream compressor has been observed. Also did the optical investigation show that the droplet size distribution is the
same on each cylinder.

Fig. 4: Experimentally determined pre-ignition rate for all four cylinders showing
the influence of increased oil dosing and different oil formulations; error bars
showing the maximum and minimum values (oil dosing and pre-ignition rate)
in each oil dosing class

However, the intake manifold showed to have a significant influence on the cylinderindividual pre-ignition rates per hour. The dosing position directly into the intake manifold was applied lateral and directly in front of cylinder 4 to directly provoke a larger
number of pre-ignitions on that cylinder. In contrast, the three other dosing positions
were upstream the intake manifold resulting the oil aerosol entering the intake manifold
central after throttle flap. The comparison of the central and lateral aerosol inflow into
the intake manifold resulted in a different pre-ignition distribution (Figure 5).
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Fig. 6: Comparison of experimental droplet size distribution reaching
each cylinder with intake manifold simulation results of the
operating point (n=1500 rpm; IMEP=19.5 bar)

More interesting was the influence of the compressor on the droplet size distribution
as it can be observed in Figure 7. It is clearly visible in the qualitative comparison of the
two dosing positions that the droplet size distribution is altered and that the compressor
creates smaller droplets.
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Conclusions

Fig. 7: Comparison of experimentally determined droplet area distribution, when oil
aerosol has been dosed upstream and downstream compressor (left) resulting
from the particle area coverage evaluated in the raw pictures (right)

To further investigate these findings from the test bench,
corresponding 3D-CFD simulations have been conducted
with respect to the oil mass distribution reaching into the
respective cylinders. The result of the multi-cycle transient

simulations is a direct correlation of the cylinder individual
pre-ignition frequency distribution with the simulated average oil mass reaching the respective cylinder.

Two components in the air path showed an interesting
impact on the oil droplet transport and the resulting
pre-ignition rates in the air path of a turbocharged gasoline DI engine: the compressor and the intake manifold.
The compressor decreases the droplet sizes, when they
are passing through the rotor and with oil dosing amounts
of more than 40 g/h, the pre-ignition rate significantly
increases. However, controlled oil dosing of these large
quantities was only possible in upstream turbochargers,
which leads to the conclusion that dosing oil amounts
larger than ca. 40 g/h is probably also significantly increasing the pre-ignition rate for the other dosing positions.
The intake manifold leads to a specific pattern of the
cylinder individual pre-ignition rates. Numerical simulations directly correlated the cylinder individual pre-ignition
rates with the simulated oil mass reaching each cylinder,
which confirms the expected pre-ignition mechanism: oil
originating from oil lubricated parts.

The use of different oil formulations did not yield any different pre-ignition sensitivities, which could indicate that
for these very small droplet sizes, the gas-vapor chemistry ignition process is the driving mechanism instead of
catalytic or thermal effects caused by metal additives as
solid particles suspended in the engine oil.
In general it can be said that the necessary oil mass to
significantly increase the resulting number of pre-ignition is very high for modern gasoline engines. Modern
efficient crankcase ventilations with oil separator are
designed towards a maximum oil carryover of ca. 2 g/h
of a similar droplet size distribution for a comparable
displacement.
In order to further investigate the root cause of the
statistical phenomena pre-ignition in gasoline engines, a
detailed investigation on the in-cylinder oil droplet transport as well as on the droplet ignition process itself needs
to be conducted.
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Fig. 8: Comparison of experimentally determined cylinder individual pre-ignition rate for the central
oil dosing positions (a) with the simulated relative cycle-averaged oil mass flowing into the respective cylinder (b) and the comparison of experimentally determined cylinder individual
pre-ignition rate for the lateral oil dosing positions (c) with the simulated relative cycle-averaged
oil mass flowing into the respective cylinder (d)
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FVV TC Model Parameterization
Extended TC Model Parameterization with
Turbocharger Test Benches

mC representing compressor mass flow, T1t and T2t compressor inlet and outlet total
temperature respectively. During hot gas testing as well as engine operation, heat transfer
occurs from turbine to compressor as well
. from compressor housing to ambient. The
resulting net compressor heat transfer Qnet,C causes a difference between measured compressor efficiency and aerodynamic efficiency ηaero,C , which is relevant for a correct
prediction of turbocharger operation:
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Not considering this effect, ηs,C is reduced for increased net compressor heat transfer
as can be seen in Figure 1. Here increased oil temperatures lead to a decrease in ηs,C.
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Fig. 1: Compressor (left) and turbine (right) isentropic efficiency for oil temperature variation

Project Outline
Lead by toughened emissions legislation and the corresponding increase in engine
performance and efficiency demand, turbocharger matching is gaining importance
already within the early powertrain development stage. Component matching and
performance evaluation is achieved by means of 1D-system simulation. Here turbocharger compressor and turbine are represented by their respective performance and
efficiency maps typically measured on the hot gas test bench under standardized
operating conditions. Isentropic compressor efficiency ηs,C is derived as the quotient
of isentropic work as a function of total pressure ratio across the compressor p2t /p1t
assuming ideal gas with constant isentropic exponent κ and constant heat capacity cp:
ηs,C
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For calculating apparent turbine isentropic efficiency ηs,T, compressor work input .is assumed
to be equal to turbine work output, leading to an increase of ηs,T for increased Qnet,C (cf.
Figure 1). Similarly, bearing friction loss Pf reducing mechanical compressor work input must
be considered when deriving aerodynamic turbine efficiency ηaero,T:

The objective of the research project FVV TC Model
Parameterization is to derive predictive models for compressor heat transfer and bearing friction loss as functions of turbocharger size and operating condition. To
achieve this goal, measurements under varying operating
conditions are performed on the hot gas- and turbocharger bearing friction test bench for three turbocharger
specimens of different sizes and bearing architectures.

Measurement data from hot gas testing is imposed as
a boundary condition in computational fluid dynamics /
conjugate heat transfer simulations (CFD / CHT) to investigate turbocharger internal heat transfer. Friction testing
results are used as validation data for multi body simulations (MBS) of the bearing system. Within the following
sections, selected results from the aforementioned work
packages are presented.
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.

.

the diffuser Qdiff,C as. well as heat flux from compressor
housing to ambient Qambient,C must be resolved:

.

Qnet,C = Qdiff,C - Qambient,C
The first turbocharger specimen under consideration is
equipped with an air gap insulated diffusor allowing for

λair being the heat conductivity of air, xgap the distance
and ΔTgap the measured temperature difference across
the gap. Adiff is the effective diffuser area. Additionally, a
heat flux sensor
. is attached to the compressor housing
measuring Qambient,C as a function of Seebeck-Voltage.
The insulating effect of the sensor is corrected by means

a temperature difference measurement
across the air
.
gap effectively estimating Qdiff,C as:

of an additional temperature measurement on the outer
sensor surface. .
Measurement of Qnet,C allows for a direct calculation of
ηaero,C. This calculation is performed for the oil temperature variation measurements shown in Figure 1 and the
results are depicted in Figure 2.
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agreement between measurement and simulation is
achieved, as it is shown exemplarily in Figure 3 for the
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Fig. 3: Compressor CFD-/CHT-simulation and hot gas measurement results

This good agreement enables detailed investigations and
comparison of internal heat transfer between the different
turbochargers under consideration. In a following step,

the results of these investigations will be used to derive
operating point and turbocharger size dependent heat
transfer correlations for use in 1D-system simulation.

Turbocharger Bearing Friction Modelling

0,7

0,6

0,5

0,4

ηs,C (Toil = 60 °C)
ηs,C (Toil = 90 °C)
ηs,C (Toil = 110 °C)
ηaero,C (Toil = var.)

ncor,C = 106000 1/min

0,00

0,02

0,04

0,06

0,08

0,10

In addition to heat transfer, bearing friction loss must be
resolved in 1D-turbocharger models. For parameterization of a predictive, bearing architecture, size and operating point dependent friction model, measurements on the
turbocharger friction test bench are carried out first.
On the friction test bench the turbocharger bearing assembly (without compressor and turbine wheel) is driven
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Compressor mass flow rate ṁcor,C / kg/s

It can be seen that compressor aerodynamic performance
is similar for all operating conditions and the variation in

isentropic efficiency is in fact solely a function of compressor net heat transfer.

Turbocharger CFD-/CHT-Simulation
Heat transfer measurements are often times not implementable or not economically feasible due to high instrumentation efforts. In this case, CFD-/CHT-simulations are
an appropriate tool to investigate turbocharger internal
heat transfer.
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For hot gas testing, all turbocharger specimens are
equipped with surface temperature sensors providing
temperature boundary conditions for the simulations.
Using a k-ω-SST turbulence model in conjunction with
a low-Reynolds boundary layer resolution, very good
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Fig. 2: Compressor aerodynamic efficiency derived by net heat
transfer measurement
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by an electric motor up to speeds of nTC = 100000 1/min.
Axial thrust load Fax is applied in the range of ±125 N. Oil
temperature and pressure are varied and the resulting
friction power is measured for all three turbocharger specimens. Figure 4 shows the measurement results for the
third turbocharger under consideration.
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Fig. 4: Bearing friction measurement results for speed (left) and axial thrust load variation (right)
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For the third turbocharger specimen with a maximum shaft
speed of nTC,max=125.000 1/min, the friction test bench
operating range covers a large area of possible bearing
operating conditions. With smaller turbochargers´ shaft
speeds typically by far exceeding the maximum friction test
bench operating speed, simulations of the bearing system
are necessary for extrapolation purposes as well as for indepth investigation of bearing behavior.
For that, an elastic MBS model is set up for every turbocharger specimen based on the exact geometry of compressor and turbine wheel, shaft and floating bearings.

Bearing load and respective bearing friction are calculated
in parallel to the kinematic system in a hydrodynamic
subsystem solving the well-known Reynold’s lubrication
equation using finite elements.
As highlighted by Figure 4, very good agreement between
measurement and simulation is achieved across the entire
bearing operating range. This allows for inter- and extrapolation of friction power as well as for sensitivity studies (e.g.
variation of gap clearances due to manufacturing tolerances) and investigations on scalability (variation of bearing
size) finally leading to a predictive bearing friction model.

Conclusion and Outlook
Within the scope of the research project, a broad database for heat transfer and friction modelling was derived
by means of measurements and validated simulations.
This database will be used to derive predictive one-dimensional models enabling a separation of aerodynamic
and heat transfer related turbocharger performance.

This modelling approach will allow for a more accurate
prediction of turbocharger operation within 1D-system
simulation aiding in improved turbocharger matching for
a target oriented powertrain development in the concept
phase as well as for component optimization.

Optimum Cooling Circuit
Control for Electric Drivetrains
for Increased Driving Range
Vehicle cost as well as driving range are crucial factors in
maximizing customer value and enabling a breakthrough
of electric mobility in a broad market. One way to achieve
both goals is to increase overall efficiency, as consequently
either battery size can be reduced or driving range increased. Thermal management is deemed as an important
development focus in order to increase system efficiency. [1]

This contribution aims to quantify possible efficiency
gains which can be realized by an optimized control
strategy for the cooling circuit of the electric drivetrain of
a battery electric vehicle (BEV). A simulation model of the
drivetrain of an A-Segment BEV is validated and used
to quantify the effects of different cooling circuit control
strategies on the system efficiency.

Simulation Model
The simulation model is composed of three main parts:
1.

2.
3.

For the validation of the model, a reference vehicle with
the modeled drivetrain is measured in a controlled environment. The results are used for the parametrization of the
thermal networks in the model. Finally, the measurement
results are compared to the simulation results in order to
validate the accuracy of the model.
An accurate simulation of the drivetrain energy consumption is crucial, as the main purpose of the model is to
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The drivetrain model, consisting of a simpliﬁed longitudinal dynamics model for
the calculation of the loads for the drivetrain, and map-based models for the
transmission, electric motor, and inverter.
The cooling circuit model, consisting of physical models for the coolant tubes as
well as degas-bottle and map-based models for the coolant pump and radiator.
The map-based underhood-model, which thermally links the other submodels
by calculating the relative air speeds and ambient temperatures for all other
components.
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identify possible improvements with regards to energy
consumption. At the same time, the model is designed to
be used in optimization algorithms, which requires an increased computational performance. Accordingly, the target accuracy for transient energy consumption is chosen
as +/- 5 % of the measured value. The model reaches the
validation targets with regards to the energy consumption.

Simulation Setup
The model used in this article has been validated for a
WLTC Class 3 cycle at 35 °C ambient temperature.
In order to ensure the highest possible validity of the

simulation results of the investigations, these conditions
are also chosen for the further simulations.
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The investigations in this article focus on the cooling system control strategy. First of all, a simulation is run with a
cooling system control strategy identical to the one used
in the validation measurements. In this reference strategy, the coolant pump is operated at a constant speed.
The resulting volume flow meets the specification of the
inverter and motor manufacturer. The radiator shutter is
open, while the vehicle fan is not engaged. As a second
reference scenario, a simulation is performed, in which the
cooling system is switched off completely.
In order to find the optimum cooling strategy, a cooling
circuit control model is implemented which aims to keep
the component and coolant temperatures below desirable thresholds. At the same time, the control model is

designed to use as little energy as possible. Therefore,
the cooling system components are sequentially activated
if either component or coolant temperatures get close
to their set target. First, the radiator shutter is opened if
a temperature reaches within 10 °C of its target in order
to enable a heat transfer out of the coolant. Secondly,
the coolant pumps are controlled with a PI-controller
according to the temperature deviation, as soon as the
temperature reaches its target. Thirdly, the vehicle fan is
switched on and controlled analogous to the pump, if the
temperature is higher than the target and the pump has
reached full speed. With this control algorithm, the target
temperatures for the components and coolant are varied
in order to find the optimum target temperatures.

Simulation Results
In a first step, the model is used to simulate the two reference scenarios. In this scenario, the inverter and motor
temperature are kept well below critical levels with the
control from the validation measurements. However, if the
cooling system is shut off completely, the inverter junction
temperature reaches more than 100 °C. As the coolant is
not in movement, the coolant pressure is close to ambient
conditions and its temperature will locally be close to the
inverter temperature. As 100 °C are close to the boiling
temperature of a typical coolant at ambient pressure, the
cooling system should not be operated as in the second
reference scenario. [2] In order to prevent local boiling of
the coolant, the maximum target temperature for coolant
and components is chosen to be 90 °C. This threshold

leaves a sufficient safety margin for the thermal system to
react in case of high component temperature gradients.
Figure 1 gives an overview of the simulation results for the
active controller model with the target temperatures for
motor, inverter, and coolant set to 90 °C. When the inverter
junction temperature reaches 90 °C, the coolant pump is
switched on. This reduces the coolant temperature very
quickly, as most of the coolant volume is still at ambient
temperature. Consequently, also the inverter temperature is
decreased below the set target.
The impact of the cooling system control strategy on the
overall energy consumption is significant. With the reference control strategy, a total of 4,008 kWh vehicle energy
consumption are needed to complete the WLTC cycle.

If the control strategy is used as shown in Figure 1, the
overall energy consumption can still be reduced by 2,89 %
compared to the reference cooling strategy.
The increases in vehicle efficiency can mostly be attributed to the reduction in cooling system energy consumption and reduced drag resistance due to the radiator
shutter. However, the control strategy also leads to an
increased powertrain efficiency, which accounts for 16 %
of the total reduction in energy consumption.

Conclusions
The simulations show the positive effects of the cooling
system control strategy on energy consumption in the
WLTC. A strategy which enables a deliberate heat up
of the drivetrain components shows the highest energy
saving potential with 2,89 % when compared to a reference cooling system control strategy. For the WLTC, it
seems that a relaxation of maximum coolant temperature
thresholds could result in higher vehicle efficiency if the
additional degree of freedom is used.

[1]
[2]

KAMPKER, Achim, VALLÉE, Dirk, SCHNETTLER, Armin (eds.), 2018. Elektromobilität. Grundlagen einer 		
Zukunftstechnologie. 2nd Edition. Berlin: Springer Vieweg. ISBN 978-3-662-53136-5
DUCHARDT, Thomas, ANDERSOHN, Georg, OECHSNER; Matthias, MÜLLER; Rainer, 2016. Requirements 		
for Coolants on the Basis of Alternative Freezing Point Depressants. In: Motortechnische Zeitschrift. 12/2016,
pages 76-79. https://doi.org/10.1007/s38313-016-0135-x

Acknowledgments
Fig. 1: Component and coolant temperatures for optimum
cooling circuit control
62

Funded by the Deutsche Forschungsgemeinschaft (DFG) – GRK1856.

CONTACT
Carsten Wulff, M.Sc.
Phone: +49 241 80 48160
wulff@vka.rwth-aachen.de
63

Research News

The Fuel Science Center –
Adaptive Conversion Systems
for Renewable Energy and
Carbon Sources
Summary
The increasing availability of non-fossil energy technologies opens unprecedented
possibilities to redesign the interface of energy and material value chains towards a
sustainable future. The fundamental research in the Cluster of Excellence “The Fuel
Science Center – Adaptive Conversion Systems for Renewable Energy and Carbon Sources” (FSC) aims to integrate renewable electricity with the joint utilization of
bio-based carbon feedstocks and CO2 to provide high-density liquid energy carriers
(“bio-hybrid fuels”), which enable innovative engine concepts for highly efficient and
clean combustion. FSC will generate fundamental knowledge as well as novel scientific
methodologies to replace today’s fossil fuel-based static scenario by adaptive production and propulsion systems that are based on renewable energy and carbon resources under dynamic system boundaries.
Current research on renewable fuels is focused on fuel replacements for present-day
engine technology that are either biofuels from non-food biomass or e-fuels from CO2
capture and utilization. FSC goes far beyond this approach by defining the scientific
basis for the development of bio-hybrid fuels through integrated design of production
and propulsion systems. The targeted technologies are adaptive to anticipate the increasing diversification of energy supply and carbon feedstock availability for a mobility
sector in transformation. The (electro-)catalytic production of fuels as well as chemicals
is envisaged as an important enabler for flexible and economic value chains. Molecularly controlled combustion systems are targeted to maximize efficiency and minimize
emissions during the recovery of the chemically stored renewable energy. Methodological approaches will be developed to assess and ultimately predict the environmental
impact, economic viability, and societal relevance of the technical developments.
The new Cluster of Excellence started in the beginning of 2019. From over 70 FSCwide research projects, 6 projects are located at the Institute of Combustion Engines.
These projects deal with fundamental, experimental and numerical investigations on
engine level. The central engine projects are the two Molecularly-Controlled Combustion Concepts consisting of a High Tumble and a High Swirl Combustion system.
Supplemented by optical investigations of the fuel injection at a high-pressure chamber, the experimental investigation of the fuel interaction with the combustion chamber
wall and the development of efficient exhaust aftertreatment systems tailored to the
new ultra-lean combustion concepts, VKA examines the engine performance in detail.
In cooperation with the chair of Process Systems Engineering, VKA is also involved in
fundamental fuel design investigations.

Molecularly-Controlled High Tumble
Combustion Concept
Engine Configurations
Within the project “Molecularly-Controlled High Tumble Combustion Concept” different engine layouts are
planned. Therefore, the engine operates with and without different pre-chamber configurations. Moreover, new
fuel candidates defined within the FSC will be investigated. The central task is the engine operation with two
different fuels injected via two separate direct injectors.
Here, the first fuel is defined as low reactivity fuel while
the second fuel is a high reactivity fuel.

Starting from a conventional spark ignition engine layout
as reference, a more complex engine layout with two
injectors will be investigated (see Figure 1).
The engine setup in Figure 1 is used to investigate the
interaction of new fuel candidates within the combustion process.

Fig. 1: Engine layout with two direct fuel injections and without spark plug

The basis for the pre-chamber investigations is know from the project EAGLE (Efficient
Additivated Gasoline Lean Engine), which is funded by the European Union´s Horizon
2020 research and innovation programme. The engine layout is shown in Figure 2.

Fig. 2: Engine layout with pre-chamber and spark plug
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Experimental Investigations on a Single
Cylinder Research Engine
First investigations with the existing pre-chamber hardware based on the layout in Figure 2 were performed
this year. Therefore, ethanol was used as low reactivity
fuel injected through a lateral direct injector. Furthermore, diethoxymethane (DEM) as high reactivity fuel was
injected directly in the pre-chamber.
A variation of the injection duration in the pre-chamber was investigated at lean engine operation and is
shown in Figure 3. An increasing injected fuel mass in

the pre-chamber leads to efficiency losses, since this
fuel does not contribute to an increase in power. This
entails that the smallest amount of fuel possible in the
pre-chamber is required to achieve the highest efficiency.
Based on these first investigations a number of
pre-chamber fuel requirements were defined; the fuel
should have a high heating value, a high laminar burning
velocity and a wide ignition range.

analysis of Diesel-related fuels. As a major advantage of
the AFIDA, only small quantities of the examined fuel are
required. To assess the fuel reactivity across a wide range
of molecular structures and relevant operating conditions, new measurement strategies and methodologies
are being developed. In particular, the measured ignition
delay times for various operating conditions are applied
to compare potential fuel candidates.
A first classification of the most promising molecular
structures defined within the first year of FSC - Ethyl
Acetate, 1,3-Dioxolane and 1,3-Dioxane - are shown in
Figure 4. On the left hand side the ignition delay time of
1,3-Dioxolane as a function of temperature and pressure
of the combustion chamber are shown. With increasing
pressure level, the temperature sensitivity decreases.
Since the measurement of the ignition delay time is limit-

ed to about 40 ms, for further investigations a temperature of 700 °C at 25 bar pressure was chosen.
In the diagram on the right hand side, the ignition delay
time of the different fuel candidates are compared with
RON 95 and Ethanol as a reference. The high ignition
delay of Ethyl Acetate indicates a very high Research
Octane Number. As a consequence, this fuel candidate
might be preferable for a homogeneously premixed
combustion system, for example the main combustion
chamber fuel of the shown pre-chamber approach.
1,3-Dioxolane and 1,3-Dioxane on the other hand seem
to be slightly more reactive than the RON 95 reference,
what leads to the conclusion that they might not be as
knock resistance and better used as reactive fuel component in a compression ignition like combustion system
or in the pre-chamber.

1,3-Dioxolane

Fig. 4: Development of the ignition delay of 1,3-Dioxolane as a function of pressure and temperature
(left image) and classification of novel fuel candidates Ethyl acetate, 1,3-Dioxolane and,
1,3-Dioxane in comparison to reference fuels (right image).
Fig. 3: Variation of the injection duration in the pre-chamber

A further increase of the lean limit with a subsequent increase of the efficiency depends
on the performance of the pre-chamber. Therefore, the mixture formation and the
ignition inside the pre-chamber is the focus of the investigations to minimize the required
amount of fuel in the pre-chamber.

Assessment of Novel Bio-Hybrid Fuel
Candidates and Analysis Ignition Properties
As an essential input for the development of new combustion systems is a deep understanding of fuel characteristics in terms of fuel reactivity and ignition delay times
as well as their dependence on pressure and temperature. With respect to the central goal of the FSC to
combine new fuel candidates with highly different ignition
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and combustion characteristics, the assessment of fuel
behavior and the assignment to different combustion concepts is of major importance.
The experimental basis of the recently conducted experiments is the test bench AFIDA (Advanced Ignition Delay
Analyzer) which has been used to perform cetane number

Fig. 5: Engine layout with pre-chamber and without spark plug
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PaREGEn - Particle Reduced,
Efficient Gasoline Engines

Outlook
In a next step, a further development of the pre-chamber layout is planned. The goal is to
ignite the mixture in the pre-chamber with a fuel which is even more reactive and thus a
spark plug is not necessary anymore (see Figure 4). Hence, a more compact pre-chamber
design is possible and the pre-chamber volume can be optimized as well. The biggest
challenge is to reduce the efficiency losses within the pre-chamber. Therefore, a cooptimization of the pre-chamber combustion system and the fuel characteristics within the
entire FSC is ongoing.

Introduction
This report shows the exhaust gas condensate system
which was used for test bench investigations with a
4-cylinder gasoline Daimler engine during the PaREGEn
project. The Daimler research engine YE3020 which
was used was equipped with the DI water injection
system and ran with compression ratio CR=13.5:1. The
exhaust gas condensation system was designed by

the Institute for Combustion Engines (VKA) at RWTH
Aachen University and installed in the exhaust path of
the base engine.
As a result, a comparison between the thermodynamic
behaviour of the engine with water injection using purified water from an osmosis system and water from the
exhaust condensate system is shown.

Thermodynamic Engine Testing
Engine Test Bench Set-up
For the thermodynamic engine investigations in the present work, the 4-cylinder inline gasoline research engine
YE3020 is used. The engine is equipped with a central
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direct fuel injection system and additionally with a lateral
direct water injection system. Further technical data are
shown in Table 1.

Displacement					400 cm3
OEM						Daimler AG
Engine						
Prototype; based on M274
Layout						In-line 4-cylinder
Fuel injection system				
Central direct injection
Water injection system				
Lateral direct injection
Boosting system				
Single stage twin scroll turbocharger w/ wastegate
Displacement / cm3				1500
Bore / mm					75.8
Stroke / mm					83.0
Connecting rod length / mm			
146
Piston pin offset / mm				
0.5
Advanced compression ratio / 1		
13.5
Maximum Power / kW				
115
@ engine speed / 1/min			
5000
Maximum Torque / Nm			
250
@ engine speed / 1/min			
1500
Idle / 1/min					750
Maximum engine speed / 1/min		
6500
Tab. 1: Technical engine data
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The engine used in present work is installed on a FEV
test bench. The test bench is controlled by the test bench
automation system ADAPT. ETAS Inca enables access
to the open Engine Control Unit (ECU). For pressure
indication measurements in cylinder, intake manifold and

exhaust manifold Kistler pressure transducers are used.
The indication system FEVIS is used for crank angle
resolved signals. For the investigations at FEV, RON98
fuel is used. It has a measured lower heating value of
Hu=42.66 MJ/kg.

Within this project, an inertial separator is used as an
exhaust gas condensate harvester: this will be investigated regarding efficiency and the amount of EGC that
is produced. The condensate separator can be seen in
Figure 3.

Fig. 3: Exhaust Gas Condensate Harvester

The harvester is designed as an inertial separator. Wet exhaust gas is mixed up by the
installed wings. Heavier liquid EGC drops are thrown against the housing wall and flow
down by gravity to be collected in the EGC outlet. The outlet is equipped with a hose
connector to collect all produced condensate in the tank.
The configuration on the dynamometer, including the engine and exhaust system with
condensate harvesting system, is shown in Figure 4.

Fig. 1: Exhaust Gas Condensate System Scheme

The original exhaust system of the combustion engine
was modified. These modifications can be seen in Figure 2.
The exhaust system is equipped with an adjustable exhaust flap (7) which generates backpressure when closed.
Before the exhaust flap, a y-piece is installed, which is the
supply for the exhaust gas condensation system. By closing the exhaust flap, exhaust gas is forced to flow through
the condensation system.
This system consists of three coolers (1-3) and a harvesting device (4) which can collect liquid condensate / water.

The High Temperature (HT) coolers, 1 and 2, are connected to the combustion engine cooling circuit and supplied
with approximately 90 °C coolant. The Low Temperature
(LT) cooler, 3 is connected to an external cooling device
with variable coolant temperature, which can be adjusted
from approximately 4 °C up to 50 °C and has variable
coolant flow. The Exhaust Gas Condensate (EGC) produced is collected in a bucket (5) and the weight of the
condensate is determined with load cell (6).

Fig. 4: Test rig configuration

The harvested condensate is collected in a bucket that hangs on a scale, which is read
by the test bench automation system.
To identify harvester efficiency dependent on exhaust gas mass flow, the low temperature cooling system is kept constant to 40 °C. The engine operates in a steady state
condition (n=3000 min(-1) and pme=10.2 bar). Exhaust mass though the condensation system is varied from 10 g/s up to a maximum of 25 g/s by closing the exhaust
throttle step by step. The theoretical production of condensate (mEGC,th.) is calculated
based on the measured conditions of the aspirated air composition, fuel composition,
air-fuel-ratio, exhaust gas temperature after cooler 3 and compared with the saturation curve of water during these conditions [6]. This is compared with the real mass
flow of liquid water, which is harvested and measured by the load cell (mEGC,meas.).
The mass flow of EGC is measured under steady state conditions for 15 minutes.
Measured values are averaged during this time period. Harvester efficiency / separation rate (ηharv) is defined as:

Fig. 2: Setup of Exhaust Gas Condensation System
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The position of the fractional mass burn remains constant between the OW and EGC
in all points. There is just a small deviation at 3500 1/min and high load, which comes
from unsteady conditions of water / fuel injection rates for OW and EGC injection. These
values confirm that there are no combustion side disadvantages expected from using
EGC instead of OW. The positive effect of water injection in general is comparable for
both fluids.
Fig. 5: Harvester Efficiency – varied exhaust mass flow

It can be noticed that the separation rate is nearly constant,
on a level of ~55 % during the complete mass flow.

The rest of liquid EGC is being released to the environment, as can be seen at exhaust gas outlet from the test
installation, in the form of liquid water coming out.

Influence of Exhaust Gas Condensate
Water Injection
The influence on combustion of injected exhaust gas
condensate, instead of demineralized water in the water
injection system, has been investigated. Exhaust gas condensate was produced from the engine and used in the
direct water injection system of the engine. The engine
set-up and the control for water injection with osmosis
water (OW) as well as the exhaust gas condensate was
kept constant, including the temperature of the injected
water. Injected water mass was measured by Coriolis
mass flow meters. Three operating points have been
investigated. The base engine was equipped with CR =
13.5:1. The operating points have been set to 1500 1/min,

2500 1/min and 3500 1/min and performed with OW and
EGC. The water / fuel shares have been kept constant,
comparing OW and EGC by keeping the injector trigger
time constant. The indicated efficiency is similar for all
points and both fluids (see Figure 6). Slight deviations can
be seen at 3500 1/min and above pme > 20 bar. These
are due to irregular water injection rates at this operation
point. A leaking water injector could be the reason for
this. Furthermore, it can be seen that during operation at
2500 1/min, the water injector did not close properly
between pme= 0 and 5 bar, which results in small water /
fuel shares without activated water injector.

Fig. 7: Combustion related properties for osmosis water vs. EGC

Over all there are no disadvantages to using EGC instead of OW in water injection systems,
from combustion point of view.

Discussion and Conclusions
The research engine YE3020 was investigated on the thermodynamic engine test bench
using direct water injection with osmosis water and exhaust gas condensate.
It could be seen that water from exhaust gas can be extracted reliably and in sufficient
amounts. The condensate itself was able to generate comparable advantages like osmosis
water when injected in the engine with regard to emissions and thermodynamics.
Further investigations with exhaust gas condensate will be done in future.

Acknowledgments
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New Research Highlights
FOR 2687 – “Cyclic Variations in Highly
Optimized Spark-ignition Engines: Experiment
and Simulation of a Multiscale Causal Chain”
The main aim of this research group is the systematic
analysis of cyclic variations as the basis for further optimization of modern si combustion methods. Currently, the
operational range of highly optimized si engines is limited
by abnormal combustion phenomena such as misfiring,
incomplete combustion or engine knock, which are all
significantly influenced by cyclic variations. Existing strategies to minimize these phenomena always reduce the
thermal efficiency and thus increase CO2-emissions. To
further optimize future si engines, it is therefore necessary
to expand the operational range with a detailed understanding of the chain of effects regarding cyclic variations
and enabling stable and efficient operation close to the

stability limit. Causes and effects of cyclic variations are
currently neither completely understood nor predictable.
Using novel, experimental procedures in combination with
innovative model developments and simulation procedures, a detailed understanding of the mechanisms of
action is achieved through forward and backward analysis
of the multiscale chain of effects and predictive simulation
methods are developed.

FVV Fuel Composition for Reducing CO2
Conventional powertrain architectures with Diesel and
gasoline engines still have a high potential for further
development, enabling efficiencies of > 50 %, especially
in combination with hybridization. The use of alternative
fuels, either synthetically produced fuels from so-called
“Power-2-X” processes or based on biomass production, allows further significant savings in greenhouse gas
emissions even up to carbon neutral mobility. To reduce
pollutants an additional effort has to be made, for instance
by means of the combustion processes. In order to increase the thermal efficiency, a short combustion duration,
optimized center of combustion, low process temperature,
minimized HC and CO emissions, high compression ratio,
negligible charge-cycle work and a high degree of mechanical efficiency are required. Of course, the fuel plays a
particularly important role in combustion-related measures.
The FVV research project “Fuel Composition for Reducing
CO2” intends to contribute to the aforementioned pathway
of eco-friendly conventional powertrain concepts. To this
end, the fuel properties are to be controlled through a detailed fuel design process by identifying and admixing new

fuel molecules/additives. The project aim is to increase the
thermal efficiency of the ICE by increasing the tolerance for
charge dilution by means of lean-burn concepts. At the same
time, knock mitigation and unburned fuel reduction must be
realized. The project started in 2019 and is a cooperation of
five research institutes in total from three universities within
Germany. The entire project deals with simulative as well as
experimental investigations. The Institute for Combustion
Engines is responsible for experimental thermodynamic
investigations, which will be performed on a new state-ofthe-art single-cylinder research engine. Moreover, VKA will
investigate CFD simulations including LES and RANS.

eMSI – Interference Noise in the Vehicle
Compartment with Electrified Drives
The perceived quality impression is an important factor for
the decision to buy. The perceived annoyance and euphony are decisive for the quality of the vehicle interior noise,
regardless of the context. This aspect is gaining particular
importance in the current market launch of electric and
hybrid vehicles. In order to avoid customer acceptance
problems, the customer's expectations for the quietest
possible interior noise must already be fulfilled at this
point in time. Both the progressive electrification and the
increasingly widespread active design of vehicle interior
noise pose new challenges for the project “Interference
Noise in the vehicle Compartment with Electrified Drives”
(eMSI). The elimination of the combustion engine as an
acoustically masking component means that tyre/road,
wind and auxiliary unit noises also come to the fore at low
speeds. In order to support the active design of vehicle
interior noise, the new requirement arises - in addition
to the isolated consideration of noise components - to
provide information for the targeted masking of compo74

nent noise depending on the desired level of comfort. The
aim of the project is to break down the internal noise of
electric and hybrid vehicles into individually perceptible
noise components, which are then automatically assigned
to the engine and drivetrain components responsible. In
view of the current market introduction of vehicles with
electrified drive systems, this project quantifies the comfort of the noise components of electrified drives based
on customer expectations and using psychoacoustic
parameters. In addition, depending on the level of comfort, concealing noise for component noises should be
designed in such a way that the latter are perceived as
being as pleasant as possible. The results are to be made
usable for the application in a development tool.
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Rauschen, R.

Entwicklung eines Zylinderkopfs unter den Möglichkeiten
der additiven Fertigung

8. VDI-Fachtagung Ventiltrieb und Zylinderkopf 2019

Lehrheuer, B.,
Pischinger, S.,

Omari, A., Stein, H.,
Wilharm, T.

Tailoring a regenerative, EN590 conform diesel fuel
with low sooting propensity utilizing the synergy of
oxymethylene ether and paraffin diesel

12th International Colloquium Fuels: Conventional and Future Energy for Automobiles

Andert, J.,
Granrath, C.,
Meyer, M.-A.,
Richenhagen, J. M.,

Bader, B., Kriebel, S.,
Orth, P.,

The next generation of electrified powertrains:
Smart digital systems engineering for safe and reliable
products

1st International Conference and Exhibition SIA Paris 2019 Power Train & Electronics

Maiterth, J. M.,

Birmes, G., Odeim, F.,
Schmitz, A.

Decision making process by system engineering for
future 48 V powertrain topologies

1st International Conference and Exhibition SIA Paris 2019 Power Train & Electronics

Ruppert, H. B.,
Falke, F.,
Pischinger, S.,
Günther, M.,

Stienen, R.

On the Measurement and Simulation of Flow-Acoustic
Sound Propagation in Turbochargers

Noise and Vibration Conference & Exhibition

Pendovski, D.

Sonnen, S.

Gekoppelte EHD-Simulation zur Auslegung von
Gleitlagern in einem Kurbeltrieb

13. VDI-Fachtagung Gleit- und Wälzlagerungen

Schumann, C.,
Pischinger, S.,

Doleschal, F., Verhej, J.

Separation, Allocation and Psychoacoustic Evaluation
of Vehicle Interior Noise

Noise and Vibration Conference & Exhibition

Marten, C. S.

Bick, W., Ghetti, S., Lauer, S.,
Thorenz, C., Heuser, P.

Variable compression ratio technology for dual-fuel
engines

29th CIMAC World Congress on Internal Combustion Engines

Pischinger, S.,

Aubeck, F., Birmes, G.,
Peter, T., Savelsberg, R.

Refueling and Battery Charging Driver Assistance
System for Online Operation Optimization of Connected
Vehicles

30th IEEE Intelligent Vehicles Symposium

Meyer, M.-A.

Christiaens, S.

Testrahmenwerk für automatisierte Fahrfunktionen

Automotive Radar Technologietag von Rohde & Schwarz

Andert, J.,
Lehrheuer, B.,
Pischinger, S.,
Wouters, C.

Guillaume L., Hansen, N.,
Kohse-Höinghaus, K.;
Ottenwälder, T., Schmitt, S.,
Wick, M.

Detailed analysis of the influence of direct water
injection on HC emissions in HCCI engines

Symposium for Combustion Control

Claßen, J.,
Dorscheidt, F.,
Krysmon, S.,
Sterlepper, S.

Balazs, A., Doucet, M.,
Görgen, M., Nijs, M.,
Scharf, J. S.

RDE-Cycle-Generation - a Statistical approach to
provide a secure base to approve RDE legislation
compliance

Symposium for Combustion Control

Andert, J.,
Lehrheuer, B.,
Pischinger, S.,
Wouters, C.,

Gordon, D., Kinoshita, S.,
Koch, C. R., Wick, M.

HCCI combustion stability improvement using a rapid
ignition system

Symposium for Combustion Control

Claßen, J.,
Sterlepper, S.

Boger, T., Cox, J.,
Görgen, M., Nijs, M.,
Rose, D., Scharf, J. S.

Full useful life evaluation of gasoline particulate filters by
accelerated ash loading and thermal aging

10th Emission Control Conference
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Author

Co-Author

Title

Conference

Guse, D.,
Heusch, C.

Kageyama, H., Nijs, M.,
Röhrich, H., Scharf, J. S.,
Takahashi, H., Tegelkamp, S.

Objectified drivability evaluation for longitudinal Engine
load change drive maneuvers based on physical criteria

2019 JSAE Annual Congress

Andert, J.,
Lee, S.-Y.

Böhmer, M., Ehrly, M.,
Jambor, S., Jeong, D.,
Kampmeier, A., Kötter, M.,
Netterscheid, M., Pörgye, I.

Virtual real driving environment and emissions : A road
towards XiL based digitalization of powertrain calibration

International Conference on Calibration Methods and Automotive Data Analytics

Andert, J.,
Pischinger, S.,

Pitsch, H., Abel, D., Albin, T.

Symposium for combustion control 2017 and 2018
special issue

Symposium for Combustion Control 2017 - 2018
ISSN: 2041-3149

Andert, J., Xia,

F. Böhmer, M., Gardini, P.,
Scheel, T.,
Tharmakulasingam, R.

Experimental Proof-of-Concept of HiL Based Virtual
Calibration for a Gasoline Engine with a Three-WayCatalyst

Powertrains, Fuels and Lubricants international Meeting

Guse, D.,
Heusch, C.,
Pischinger, S.

Nijs, M., Roehrich, H.,
Scharf, J. S., Schmidt, C.,
Tegelkamp, S.,

Objectified drivability evaluation and classification of
passenger vehicles in automated longitudinal vehicle
drive maneuvers with engine load changes

WCX SAE World Congress Experience
https://doi.org/10.4271/2019-01-1286

Pischinger, S.

Küpper, M., Li, S., Zou, C.

Model-based state of charge estimation algorithms
under various current patterns

10th International Conference on Applied Energy
https://doi.org/10.1016/j.egypro.2019.02.042

Effect of engine operating parameters on spaceand species-resolved measurements of engine-out
emissions from a single-cylinder spark ignition engine

WCX SAE World Congress Experience
https://doi.org/10.4271/2019-01-0745

Esposito, S.,
Günther, M.,
Lehrheuer, B.,
Mauermann, P.,
Pischinger, S.
Hosseininasab, S.

Li, S., Eitner, U., Bender, T.,
Küpper, M., Stapelbroek, M. F.

Machine learning based state of health estimation for
lithium-ion batteries in electric vehicles

Advanced Battery Power Symposium 2019

Andert, J.,
Griefnow, P., Xia, F.

Ligtelijn, H., Jolovic, D.

Real-Time Modeling of a 48V P0 Mild Hybrid Vehicle
with Electric Compressor for Model Predictive Control

WCX SAE World Congress Experience
https://doi.org/10.4271/2019-01-0350

Andert, J.,
Eisenbarth, M.,
Vagnoni, G.

Kiausch, M., Reke, M.,
Sammito, G., Schaub, J.

Smart rule-based diesel engine control strategies by
means of predictive driving information

Symposium for Combustion Control 2017 - 2018
https://doi.org/10.1177/1468087419835696

Efficient Power Electronic Inverter Control Developed in
an Automotive Hardware-in-the-Loop SetupAutomotive

Radar WCX SAE World Congress Experience
https://doi.org/10.4271/2019-01-0601

Scalable Mean Value Modeling for Real-Time Engine
Simulations with Improved Consistency and Adaptability

WCX SAE World Congress Experience
https://doi.org/10.4271/2019-01-0195

Acoustic transmission loss in turbochargers

19. Internationales Stuttgarter Symposium Automobil- und Motorentechnik
https://doi.org/10.1007/978-3-658-25939-6_105

Andert, J., Etzold, K., Hameyer, K., Kürten, C.,
Müller, L., Scheer, R.,
Meyer, M.-A.,
Schröder, M., Thul, A.
Granrath, C.,
Andert, J.,
Lee, S.-Y.,
Pischinger, S.

Ayhan, A. S., Ehrly, M.,
Koetter, M., Schaub, J.

Günther, M.,
Pischinger, S.,
Ruppert, H. B.
Lehrheuer, B.,
Pischinger, S.

Suzuki, T., Ottenwälder, T.,
Mally, M. P.

Combustion stability improvement with turbulence control by air injection for a lean-burn SI engine

19. Internationales Stuttgarter Symposium Automobil- und Motorentechnik
https://doi.org/10.1007/978-3-658-25939-6_19

Schumann, C.,
Pischinger, S.

Doleschal, F., Verhey, J.

Entwicklung eines Analysewerkzeugs zur Erkennung
und Bewertung von störenden Geräuschanteilen im
Fahrzeuginnenraum

DAGA 2019 - 45. Jahrestagung für Akustik
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Author

Co-Author

Title

Conference

Günther, M.,
Pischinger, S.

Mally, M. P.

Large eddy simulation of knocking combustion

CONVERGE User Conference Europe 2019

Muthyala, P.,
Neumann, D.,

Frenken, C., Jörg, C.,
Kötter, M., Schaub, J.

Flex-fuel capability via advanced digital combustion rate
shaping and airpath control

6. Internationaler Motorenkongress
https://doi.org/10.1007/978-3-658-26528-1_20

Claßen, J.,
Dorscheidt, F.,
Sterlepper, S.,

Alt, N., Balazs, A.,
Böhmer, M., Boßer, C.,
Doucet, M., Görgen, M.,
Krysmon, S., Nijs, M.,
Scharf, J. S.

RDE-Cycle-Generation : a statistical approach to cut
down testing effort and provide a secure base to
approve RDE legislation compliance

6. Internationaler Motorenkongress
https://doi.org/10.1007/978-3-658-26528-1_3

Marten, C. S.,

Bick, W., Heuser, P.,
Schlemmer-Kelling, U.,
Thorenz, C.

Variable compression ratio conrod concept for large
dual-fuel engines

2nd International FEV Conference Variable Compression Ratio 2019

Gottorf, S. T.,
Leyens, L.

Uhlmann, A. T.

VCR - Online compression ratio monitoring

2nd International FEV Conference Variable Compression Ratio 2019

Pendovski, D.

Jesser, M., Henaux, D.,
Habermann, K., Uhlmann, A. T.

Numerical methods for a holistic design of a VCR
con rod

2nd International FEV Conference Variable Compression Ratio 2019

Lehrheuer, B.,
Pischinger, S.

Omari, A., Jacobs, S.,
Goeb, D., Cai, L., Heufer, B.,
Pitsch, H.

Potential OMEx-haltiger Kraftstoffe

P2X-Tag

Andert, J.,
Granrath, C.,
Meyer, M.-A.

Richenhagen, J. M.

Methodik zur Entwicklung einer standardisierten
virtuellen Validierungsumgebung für Elektrofahrzeuge

18. Antriebstechnisches Kolloquium
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28th Aachen Colloquium
Automobile and Engine
Technology		
October 7th to 9th, 2019

Automated driving, new vehicle concepts and climate-friendly propulsion systems:
Experts from research and development discuss the future of mobility at the 28th
Aachen Colloquium Automobile and Engine Technology.
In the light of numerous challenges like a strict emission
legislation or a rising automatization of vehicles, the
automobile branch faces the complex task to shape the
future of mobility. Which competencies will our vehicles have
in the future and how will we interact with them? Which climate-neutral energy sources and propulsion systems will
we use in the future? These are the questions which experts
of automobile and propulsion technology, from science and
companies are discussed at the 28th Aachen Colloquium.
The Aachen Colloquium Automobile and Engine Technology
under direction of Professor Lutz Eckstein, Institute
for Automotive Engineering (ika), and Professor Stefan
Pischinger, Institute for Combustion Engines (VKA) of RWTH
Aachen University counts as one of the leading technical
conferences in the automotive area worldwide. In more than
100 technical presentations – accompanied by a technical
exhibition with around 70 exhibitors – the approximately
1800 experts exchanged intensively on one of the biggest
global challenges: shaping the future of mobility.

The plenary speeches of high-ranking executives from the
automotive industry and politics gained special attention.
Hendrik Wüst, Minister of Transport of the State of North
Rhine-Westphalia (NRW), talked about the future of mobility
and the opportunities and challenges for NRW: “I am
convinced – and I speak for the whole state administration of
North Rhine-Westphalia – that the expertise, the engineering
science will count more than the heated discus-sions which
we are facing in the media.”
Ichiro Hirose, Senior Managing Executive Officer of Mazda
Motor Corporation reported on the way toward the ideal
internal combustion engine for a sustainable future, which
plays an important role in the company strategy: “The
contribution of Mazda to the goal of a sustainable world is
the evolution of the internal combustion engine.”
Dr. Jörg Stratmann, Chairman of the Management Board
and CEO of the MAHLE Group presented “Tailored
Mobility – MAHLEs Concept for the Drivetrain of the
Future”. Concerning CO2 emissions, in his opinion different

propulsion technologies depending on the use case will prove the best
specific solutions: "There is not the one solution, but only specifically best
solutions. For many use cases, the plugin hybrid is the best propulsion
solution independent from the very different circumstances in the local
markets.”
In the closing plenary session on Wednesday, Michael Reinartz, Director
Innovation & Consumer Services at Vodafone Deutschland, showed how
mobile communications transports road traffic into the future. Finally,
Sanjay Ravi, M.Sc., General Manager, Automotive Industry at Microsoft
Corporation, gave an outlook on how to empower the automotive industry
and drive the future of mobility.
In the future, the various topics of automobile and propulsion technology
will continue to be of high significance for research and industry. Thus,
the 29th Aachen Colloquium is already determined: From October 5th to
7th, 2020, the Institute for Automotive Engineering (ika) and the Institute
for Combustion Engines (VKA) of RWTH Aachen University will again invite
to Eurogress Aachen for a lively debate between automobile enthusiastic
experts from industry and research.

28

2020
The 29th Aachen Colloquium
Automobile and Engine Technology will
take place from
October 5th - 7th, 2020.

AACHENER

KOLLOQUIUM
AACHEN COLLOQUIUM

Fahrzeug- und Motorentechnik
Automobile and Engine Technology
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CONTACT
Birgit Schaefer-Hamm
Phone: +49 241 80 48020
hamm@vka.rwth-aachen.de
www.aachen-colloquium.com
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Engine Technology Seminar
Seminar series throughout the whole year

7th International Conference
Fuel Science: From Production to
Propulsion
May 13th – 15th, 2019

Already since the winter semester 1973/1974, the Institute
for Combustion Engines offers the series of events “Engine
Technology Seminar”. Experts from the automobile and
engine industry hold lectures on recent issues from engine
development as well as on interdisciplinary topics. Like
this the Engine Technology Seminar especially serves as
connection between university research and professional
practice. Following the presentation, the audience has
the opportunity to discuss with the speaker about his
findings. The Engine Technology Seminar is open for all
interested visitors.
In 2019, seven lecturers gave insights into their latest
works.
Dr. rer. nat. Stefan Kriebel from BMW AG opened the
2019 seminar series with his lecture on the digital
transformation in the system development concerning
electrical drives at BMW. Dipl.-Ing. Jörg Grotendorst from
ZF Friedrichshafen AG followed with his presentation on

“Drives are Changing and Change Drives Us”. Moreover,
Dipl.-Ing. Stefan Fuchss from Jaguar Land Rover Ltd.
talked about the propulsion system of the Jaguar I-Pace
and the way forward of an iconic brand. In another
lecture, Dr.-Ing. Jörg Ross from Aston Martin Lagonda
Ltd. introduced new engine technologies for Aston
Martin. Afterwards, Dipl.-Ing. Thomas Wasserbäch from
Dr. Ing. h.c. F. Porsche AG explained the 6-cylinder boxer
engine in the new Porsche 911 (type 992). Ingo Scholten
from the Geely Powertrain Research Institute continued
with his lecture on “Geely - Combustion Engine and
Electrification”. Finally, Dr. Michael Krüger from Robert
Bosch GmbH concluded the seminar series for 2019 with
his presentation on future Diesel engines and the challenge
of air quality as well as greenhouse gas emissions.
The lecture series will continue in 2020. The program of
the Engine Technology Seminar is available online:
www.vka.rwth-aachen.de

CONTACT
Robin Stupp
Phone: +49 241 80 27651
stupp@vka.rwth-aachen.de
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The mobility sector faces the challenge to shape the future
of mobility in a climate-neutral way. From Mai 13th to 15th,
2019, scientists from Germany and abroad presented
and discussed research results on the development
of novel fuels from regenerative energy and alternative
carbon sources during the 7th International Conference
“Fuel Science – From Production to Propulsion”.
The Cluster of Excellence “The Fuel Science Center –
Adaptive Conversion Systems for Renewable Energy
and Carbon Sources” hosted the 3-day conference.
Experts from around the globe as well as Cluster
researchers presented their latest results in different
fields, for example the synthesis of alternative fuels from
regenerative energy and carbon, the optimization of the
combustion process and exhaust gas aftertreatment of
renewable fuels, but also the impact of renewable fuels
on environment, economy, and society.

The consideration of the value chain from the perspective
of the overall system for a comprehensive evaluation of
the sustainability received special attention.
In addition to high-level keynote lectures, the conference
program included presentations held by national and
international fuel experts as well as updates regarding
the research activities of the Cluster of Excellence “The
Fuel Science Center” and a final report on the former
Cluster of Excellence “Tailor-Made Fuels from Biomass”.
Furthermore, the conference offered a poster session to
discuss further research findings and plenty of opportunity
to exchange with other researchers.
In 2020, the 8th International Conference “Fuel Science –
From Production to Propulsion”will take place in Aachen
from June 23rd to 25th.

CONTACT
Dipl.-Ing. Bastian Lehrheuer
Phone: +49 241 80 95352
lehrheuer@vka.rwth-aachen.de
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RWTH - TokyoTech
Joint Workshop on Sustainable
Energy

Symposium for Combustion Control
June 5th and 6th, 2019

May 22nd – 23rd, 2019
RWTH Aachen University has been collaborating with the
Tokyo Institute of Technology since 2007.
The establishment of a European liaison office of the
Japanese university in Aachen in 2019 further strengthens
the ties between the universities. Further partners are
Forschungszentrum Jülich and businesses from North
Rhine-Westphalia.
In the course of this cooperation, the Profile Area “Energy,
Chemical & Process Engineering” of RWTH Aachen
University and the Tokyo Institute of Technology hosted a
"Joint Workshop on Sustainable Energy" at the Center for
Mobile Propulsion on May 22nd and 23rd, 2019. Professor
Stefan Pischinger as the host and Dr. Watanabe from
Tokyo Institute of Technology welcomed the participants.
Afterwards, the two-day program offered a broad range of
keynote speeches and lectures given by representatives
of the participating institutions as well as numerous
networking opportunities.

The lecture topics included speeches on materials, energy
systems, hydrogen energy, and sources for a sustainable
energy society. Among others, Professor Pischinger gave
a lecture on hydrogen and e-fuels as building blocks for
sustainable energy and mobility. Prof. De Doncker from
E.ON Energy Research Center informed the audience
on CO2 neutral energy supply systems as well as their
challenges and opportunities. Professor Okazaki from
the Tokyo Institute of Technology gave insights on the
basic hydrogen strategy and future prospect in Japan,
while Professor Suekane from the Tokyo Institute of
Technology presented the trapping mechanisms of
carbon geosequestration. Laboratory tours at the Center
for Mobile Propulsion and further research facilities
completed the workshop offer. Around 80 participants
from research and industry, domestic and overseas, took
part in the "Joint Workshop on Sustainable Energy".

CONTACT
Dr.-Ing. Felix Kunz
Phone: +49 241 80 48055
kunz_f@vka.rwth-aachen.de
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The automotive world is facing rapid changes. Real world
driving emissions are in the focus of the public, wellestablished technologies are reassessed and new players
enter the global market. To achieve a sustainable and
ecofriendly mobility the development of efficient and clean
combustion engines is one of the key requirements. Most
of the promising and novel approaches require innovative
closed-loop control approaches, detailed physical models,
powerful control logics and new sensor concepts.
The Symposium for Combustion Control was established
in 2015 to foster the interaction between the scientific
community and the automotive industry. Its focus are the
latest theoretical and application-driven developments
for the control of next generation combustion engines.
After four exciting and successful symposia, the fifth
Symposium for Combustion Control took place on June
5th and 6th, 2019, with the goal to continue the discussion
of these recent topics.

SCC

17 lecturers as well as five poster presenters showed latest
results and developments in these fields. Moreover, the
participants enjoyed three excellent keynote speeches.
In his presentation, Professor Helmut Eichlseder from
Technische Universität Graz talked about the RDE of
Motorcycles, LDVs and HDVs as well as measuring
challenges and relevant parameters. Furthermore, Dr.-Ing.
Christian Poensgen from MAN Diesel-Turbo presented on
the topic of large engine combustion control. To complete
the keynote speeches, David Mumford from HPDI Product
Portfolio Westport discussed the DualFual combustion
and its HPDI technology with the audience.

CONTACT
Birgit Schaefer-Hamm
Phone: +49 241 80 48020
hamm@vka.rwth-aachen.de
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6th mobilEM Colloquium
Integrated Energy Supply Modules
for Roadbound E-Mobility
November 5th and 6th, 2019
The Institute for Combustion Engines hosted the
sixth mobilEM Colloquium in Aachen in November
2019, which took place at the Center for Mobile
Propulsion (CMP). mobilEM is a Research Training
Group of RWTH Aachen University funded by
Deutsche Forschungsgemeinschaft (DFG). It explores
the physical foundations of electro-chemical energy
storage for mobile propulsion and its combination
with novel fuel-operated range extender units.
mobilEM Colloquium is a discussion panel for young
researchers and professionals covering the areas of
electrical energy storage, electrical drive systems,
system simulation and control, topology and thermal
management as well as range extender modules. For
each research area, the responsible professor gave an
overview over the current state of the art and the fields
of research. Moreover, speakers from industry shared
their perspective on current challenges in each field.
Jochen Wolf from Muhr und Bender KG presented

innovative mechanical components for electric traction
drives. Professor Steffen Schön from Leibniz Universität
Hannover contributed his knowledge on the integrity
and collaboration in dynamic sensor networks as
results from the DFG Research Training Group I.C.Sens.
Professor Hans Jürgen Seifert from Karlsruhe Institute
of Technology shared his thoughts on energy storage
beyond lithium. Andreas Ruf from AUDI AG described
the Audi e-tron as the way to an emission-free mobility,
while Carina Franken from Wickeder Westfahlenstahl
GmbH informed the audience about intelligent metal
solutions to guide and spread heat. Finally, Takashi
Moriya from Honda R&D Co., Ltd., talked about the
Honda fuel cell vehicle development and the way
towards the hydrogen society.

Open Day at the Institute for
Combustion Engines
July 6th, 2019

The Institute for Combustion Engines was represented
by Konstantin Etzold sharing his findings on thermal
hardware-in-the-loop tests for electric traction
drives, by Carsten Wulff presenting optimized cooling
strategies for electric drivetrain components, and by
Sören Tinz explaining a fuel cell system simulation with
focus on the membrane water management. Moreover,
Stefania Esposito presented her poster on the engineout gas-emission simulation of spark-ignition engines
in electrified powertrains.
Over 90 experts from industry and various universities
participated in the colloquium. The discussions after
the presentations and poster session resulted in an
inspiring scientific exchange.
The 7th mobilEM Colloquium will take place in Aachen
in fall 2020.
CONTACT
Carsten Wulff, M.Sc.
Phone: +49 241 80 48160
wulff@vka.rwth-aachen.de
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Christmas Celebration of the
Institute for Combustion Engines
December 6th, 2019

Meet us on
LinkedIn and Xing
More than 340 scientific, technical and administrative employees as well as
student assistants have a lot to tell – and we would like to share it with you!
Regularly, we will show you news from the Institute for Combustion Engines (VKA)
and the Center for Mobile Propulsion (CMP) of RWTH Aachen University on
LinkedIn and XING. Join us for interesting insights and latest information.

https://de.linkedin.com/company/vka-cmp-rwth-aachen-university
http://t1p.de/vka-cmp-xing
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