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Editorial on the Research Topic

Design and Application of Novel Combustion Systems for Internal Combustion Engines

Efforts to reach worldwide net-zero carbon emissions necessarily include the rapid reduction
of carbon emissions associated with transportation sources. Consequently, many countries have
already implemented policies banning internal combustion engine powered vehicles within the
next two decades. Most passenger vehicle manufacturers have already committed to replacing
internal combustion engines with battery-electric powertrains in their passenger car fleets within
the next two decades. Scenarios that achieve carbon neutrality assume that by 2050, all but a
very small fraction of the light-duty stock will be battery-electric vehicles (BP, 2020; Williams
et al., 2021). Heavy-duty truck manufacturers likewise offer fully electric trucks and tractors for
short-haul applications, and as many as half of all trucks may need to be at least partially electrified
by 2050 to avoid exceeding carbon emission budgets (OECD/IEA, 2017).

The success of this approach at eliminating carbon emissions depends on the degree to which
the carbon intensity of the electricity used to produce, operate, and recycle these vehicles can be
reduced. Replacing the world’s thermal electrical generating capacity with low-carbon sources will
require the construction of millions of wind turbines and solar plants, as well as significant new
infrastructure for distributing/storing this electricity and systems to manage fluctuations in supply
and demand. The most viable approaches to meeting U.S. energy demands while achieving carbon
neutrality in the next three decades will result in at least 90% of electrical generation capacity
coming fromwind and solar (Williams et al., 2021).While this course of action will be astonishingly
resource intensive, some analyses do suggest that it is both technically and economically feasible
in much of the world (see, for example, Jacobson et al., 2017). While the efficacy with which
governments, private industry, and free markets can realize carbon neutrality remains to be
demonstrated and may take much longer than anticipated (Reitz et al., 2020), its necessity will
remain as a fundamental driving force.

Because the transition from liquid fuels to low-carbon electricity as the primary source of
transportation energy will be a gradual one, internal combustion engines form a logical part of
the pathway to zero carbon. Biofuels and e-fuels will play an important role in achieving net-zero
carbon emissions (BP, 2020; Williams et al., 2021), and they will be essential for applications in
which the use of liquid fuels remains unavoidable. However, the consumption of liquid fuels in
a net-zero-carbon scenario is clearly undesirable because of the opportunity cost associated with
emitting carbon that could otherwise be sequestered (OECD/IEA, 2017). While electrification
will counteract the effects of increased passenger vehicle kilometers traveled, reductions in liquid
fuel demand are projected to only be possible through significant improvements in vehicle fuel
efficiency (BP, 2020). Such improvements will necessitate some degree of electrification in the form
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of hybrid powertrains (IEA, 2020), but the internal combustion
engine is directly linked to the liquid fuel consumed by a hybrid
vehicle. Regardless of the source of liquid fuels and the vehicles
in which they are consumed, the need for further improvements
in engine efficiency remains as urgent as ever. There remains
significant scope for improvements in efficiency in internal
combustion engines (Leach et al., 2020).

Research and development of engine combustion systems
continues to address barriers to significant efficiency
improvements; this collection of articles represents a small
sampling of these efforts. Prechamber, or turbulent-jet ignition
systems promise to overcome several barriers to improved
efficiency. In engines that have traditionally employed spark
ignition to ignite stoichiometric air/gasoline mixtures, turbulent-
jet ignition systems can enable lean, dilute operation to reduce
fuel consumption by more than 20%. An understanding of the
complex interactions between the reacting turbulent jets and the
in-cylinder charge is key to the successful development of these
systems. Computational fluid dynamics simulations, coupled
with genetic algorithms and machine learning techniques,
enable efficient optimization of prechamber geometries
and analyses of the results provide insight into the key
geometric parameters of the prechamber. These advancements
in optimization methodology promise to become the new
state-of-the-art in combustion system design. In heavy-duty,
high-load applications, where diesel engines may be difficult
to replace, prechamber combustion systems may enable the

use of low-carbon alcohol fuels in high efficiency, mixing
controlled combustion systems. Finally, further efficiency
gains can be realized with improved control of air and fuel
on both a cycle-to-cycle and a cylinder-to-cylinder basis.
Indeed, new instrumentation and the data that can be collected
with it enable even more accurate models—permitting more
efficient engine design in the virtual world. A new technique to
measure flow in intake ports has also been developed to inform
fast, physics-based models needed for such advanced engine
control systems. Jointly, the successful implementation of these
technologies will help minimize the consumption of liquid fuels
and ensure that low-carbon fuels are usable over a wide range of
challenging applications.
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