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Full abstract

Reducing the consumption of hydrocarbon fuels within the
transportation sector remains one of the most important
challenges to reduce greenhouse gas emissions. Even if the
development of electric vehicles is regarded as one of the
preferred routes in coming years, most of the future projec-
tions agree that hybrid powertrains will continue to have a
large market share in the next decades as underlined
recently by Reitz et al. [1]. Therefore, improvements in
internal combustion engine efficiency are essential, in addi-
tion to the fact that internal combustion engine remains an
effective and low risk technology pathway for energy
transition.

The performance of combustion engines has signifi-
cantly improved in terms of thermal efficiency, thus con-
tributing to significantly reduced levels of CO2 and
exhaust gas emissions as the result of advanced research
and development for combustion systems. Engine CFD
codes can be very powerful tools to support advanced com-
bustion system development if the numerical simulations
can predict with sufficient accuracy the complex physical
processes occurring. However, the models used in present
CFD codes still have shortcomings, ultimately meaning
that engine combustion designs and fuel efficiency gains still
have the potential for optimization. For this reason, an

important ongoing contribution of engine research aims at
gaining a more precise understanding of the physical
phenomena occurring in combustion chambers, such as cav-
itating high pressure internal injector nozzle flows, primary
and secondary atomization of very dense sprays, multicom-
ponent fuel evaporation, turbulent mixing, complex chem-
istry ignition, heterogeneous combustion structure, highly
sooting flames. . . By characterizing such phenomena
requires the development and application of advanced opti-
cal diagnostic techniques, capable of performing in-situ
measurements of physical parameters during the injection
and combustion events. Such experimental data is required
to support the development of more predictive models for
engine CFD.

To tackle this challenge a group of international labora-
tories, the ECN (Engine Combustion Network: http://
www.sandia.gov/ecn/), initiated in 2008 a collaborative
and voluntary research effort to develop an international
database aimed at providing the necessary information for
detailed CFD model validation and to coordinate experi-
mental and modelling activities around this database.
Since its inception, this collaboration has experienced
strong growth, as underlined in Picket et al. [2]. The latter
underlines the growing interest of the engine combustion
community, explained by the scientific relevance of the
research (relying on international collaboration to address
the scientific challenges facing the community), as well
as the international visibility as a result of participation
in the network.
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The collaborative project “ECN France”, funded by the
French National Research Agency (ANR-14-CE22-0015-
708 01), was carried out in this context from 2014 to
2019. It brought together four French research laboratories
that have gained expertise in the development and applica-
tion of advanced optical diagnostics for engine combustion
research. Its objective was to promote the active participa-
tion of the French engine combustion community within
the ECN, and to develop innovative diagnostics for Diesel
injection and combustion. The research performed was
based on the ECN spray A condition, representative of
harsh pressure and temperature conditions, as defined by
ECN (in particular injection of n-dodecane fuel at 363 K
into gas at 900 K and 22.8 kg/m3).

This special issue presents results from this collaborative
project with five new papers [3–7] covering all aspects of the
work performed, from standardization issues to advanced
optical diagnostic developments.

Experience from previous ECN research has taught us
that repeating similar experiments in different facilities
(i.e. standardization) is both extremely challenging and
essential, since it is the prerequisite to enable the construc-
tion of a coherent cooperative database, and it tends to
reveal hidden biases and uncertainties due to the measure-
ment techniques or the set-up itself. As an example, the first
two ECN workshops in 2011 and 2012 were mainly dedi-
cated to these standardization issues, and more recent
workshops continue to address it.

The first two papers [3, 4] fall within this context to
present how the experimental conditions achieved in two
new French facilities, both based on measurements
performed within a Rapid Compression Machine, can reach
the standards proposed by ECN. The accuracies of initial
conditions themselves are presented in Ben Houidi et al.
[3] and a focus on data obtained for spray and combus-
tion developments is addressed in Hespel et al. [4]. All
data are compared to the IFPEN database, which was
already shared within the ECN, and obtained in a pre-
combustion chamber. It is interesting to note that this is
the first time that configurations other than constant
volume or constant flow cells are used to produce spray A
ECN data, bringing complementary information to the
ECN state of the art.

The three other papers are dedicated to the results
obtained to provide new insights on the physical processes
occurring during the atomization of the dense liquid spray
[5], the combustion process [6] and soot formation [7] by
implementing advanced measurement techniques.

Kanjanasakul et al. [5] evaluate the possibility to use
rainbow refractometry laser diagnostic to study fuel
droplets in high-pressure conditions representative of
trans-critical conditions, such that it can exist in Diesel
operating conditions. New methodology for processing the
rainbow signals has generated a positive return on the
simultaneous measurement of the ethane vapor concentra-
tion around the droplets as well as the temperature and size
of liquid droplets. All these parameters will be then useful to
improve the knowledge on evaporation processes when
liquid fuel is injected in trans-critical conditions.

Strozzi et al. [6] used simultaneous high-speed OH*
chemiluminescence and two-pulse 355 nm planar laser
induced fluorescence to provide unique data on the time
evolution and the repeatability (and stochasticity) of the
early stages of both cool flame and hot ignition phenomena.
These new time-resolved data provide further insights into
the dynamics of the spray A ignition and bring some ele-
ments on the underlying mechanisms to help the validation
and improvement of numerical models devoted to diesel
spray ignition.

In Patel et al. [7] conducted unique experiments in order
to study the effect of the presence of CO2 and H2O in ambi-
ent gases on soot formation thanks to the flexibility of the
experimental set-up in adjusting the initial composition of
ambient gases. It was pointed out that both reduce soot
mass fraction but with more H2O impact. It is also found
that CO2/H2O mixture compositions representative of
ECN preburn conditions significantly reduce on soot
formation, pointing out that this effect should be taken in
account when using ECN data to validate soot models.
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