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1. Introduction

The targets set by the Paris Agreement to limit greenhouse gas emissions and global
warming aim to significantly reduce the levels of pollutants emitted in the atmosphere
from all sectors, including transportation and land use energy production [1].

To this aim, new technologies are progressively entering the market as represented by
electrification [2,3] or solutions to avoid the enhancement of climate-altering species, like
carbon capture and storage [4,5].

Nevertheless, the well-established internal combustion energy systems, i.e., recip-
rocating engines and gas turbines, still represent a key in the short and medium term;
hence, reducing all kinds of emissions and optimizing their operation is mandatory [6-9].
As a matter of fact, having a deep knowledge of the several processes occurring in the
reactive domain or predicting the performance of the overall system can help to prevent
the formation of harmful species [10], to study the feasibility of alternative primary energy
sources and to optimize their combustion development [11].

To this aim, computational modeling represents a powerful tool, making it possible
to investigate a wide range of operating conditions, even the extreme ones, avoiding
risk of damage and reducing general costs, i.e., facility setup, maintenance, and supplies.
Numerical modeling includes several approaches that can study the same problem on
different levels. For example, one-dimensional and machine learning can analyze and
predict the entire system performance [12,13], while CFD focuses in detail on the processes
occurring inside a fluid domain [14]. Of course, the models must be validated before
considering them reliable. Experimental investigations can provide the data to understand
the behavior of the thermal energy system and, thus, provide the base for the building of
the model itself. On the other hand, it is known that experimental activities and numerical
computations are strictly linked.

The present Special Issue includes nine research articles and a review on the role
of micro gas turbines (MGTs) in the distributed energy production. The nine articles’
applications cover reciprocating internal combustion engines (ICEs) and gas turbines (GTs),
making use of all the above-mentioned different modeling approaches, demonstrating a
complete contribution to each field of the topic.

2. Modeling of Reciprocating Internal Combustion Engines

Clean mobility is surely the most urgent topic. ICEs still represent the predominant
energy conversion system for all sizes and kinds of land [15,16] and sea applications [17,18].

Diesel engines have been progressively banned in several countries due to the high
emissions of particulate matter (PM) and nitrogen oxides (NOx). However, it is well known
that they feature levels of power, weight, efficiency, and reliability that are compatible
with off-road and marine applications. For this reason, researchers are continuing to study
new methodologies and strategies to reduce the above-mentioned pollutants in this type
of engine.
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To this aim, the Dual Fuel (DF) combustion concept is a promising solution. It consists
of the partial substitution of diesel fuel with a cleaner fuel, such as natural gas. However,
the high emissions of unburned hydrocarbons (UHCs) have led to attempts to improve the
combustion characteristics with the addition of hydrogen [19,20].

Cameretti et al. (Contribution 1) examined the overall combustion development in
a single-cylinder research engine compression ignition engine via CFD simulations of
hydrogen/methane blends as primary fuels. Starting from experimental measurements to
validate the full methane and full hydrogen cases, a progressive enhancement of hydrogen
energy share is numerically analyzed. The results demonstrated that the presence of
hydrogen leads not only to reduced emissions of carbon-based species but also to a strong
increase in temperature and consequently NOx.

Abdelhameed and Tashima (Contribution 2) studied two important techniques for a re-
duction in NOy in marine engines: exhaust gas recirculation (EGR) and water-in-fuel emul-
sion. Both cause a decrease in thermal efficiency. Therefore, their combination is modeled
with a synergetic approach that involved CFD and 0D /1D tools on the basis of experimental
results to minimize NOy while maintaining an adequate level of thermal efficiency.

Falai and Misul (Contribution 3) used machine learning to develop virtual sensors for
monitoring NOx emissions in diesel engines. The virtual sensor is calibrated via the Extreme
Gradient Boosting (XGBoost) algorithm on the basis of collected data from a test bench at
steady-state conditions, claiming a prediction accuracy of almost 98%. Instead, the accuracy
reduces to 85% in dynamic conditions as demonstrated in an on-road driving mission.

Doppalapudi et al. (Contribution 4) numerically investigated the effects of the shape
of the combustion chamber on injection profiles and in-cylinder distributions of tempera-
ture, velocity, and turbulent motions (swirl and tumble ratio), with the aim to assess the
most improved configuration in terms of combustion characteristics. They evaluated five
chamber shapes and suggested avoiding wide bowls that may induce uneven combustion
across the cylinder. Instead, better results can be obtained with split bowls.

Spark ignition (SI) engines, as leading powertrain technologies, are being investigated
and improved as well. As widely discussed by Sforza et al. (Contribution 5), a possible
solution to minimize thermal losses, while reducing to zero soot particles and drastically
reducing NOy, is to operate the engine with homogeneous ultra-lean premixed mixtures
(CHjy-air). Nevertheless, the progressive shift towards increasingly high values of the air-to-
fuel ratios raises doubts in the applicability of the most commonly used numerical models
for SI engines. To this aim, the authors of the paper evaluated two different flamelet-based
models, typically used for premixed mixtures: the Coherent Flame Model and the Flame
Area Model. The results were compared with experiments carried out on a Darmstadt TSF
burner. They observed that, near the burner exit, the flamelet assumption is still valid and
the models accurately predict the combustion behavior. In contrast, in the typical conditions
of homogeneous ultra-lean mixtures, the models are no more capable of providing reliable
results. Thus, the authors suggested modifications and extensions to the flamelet-based
models to improve CFD simulations.

Following the path of using carbon-free fuel in order to drastically reduce CO, emis-
sions, the paper by D’ Antuono et al. (Contribution 6) concerned the study of an ammo-
nia/hydrogen blend, 85% and 15%, respectively, by volume, in a light-duty SI engine using
a 1D predictive model. Ammonia features low combustion characteristics that limit its
operating capacity as pure fuel; however, with respect to hydrogen, it is easier to store on
vehicles. To overcome such an issue, the authors demonstrated that the addition of H, to
the air-fuel mixture allows us to improve the flammability of NHj, extending the range of
operation of the engine.

3. Modeling of Gas Turbines

Since gas turbines of all sizes are employed in the aviation industry and power
generation, researchers are committed to reducing the emissions from this type of internal
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combustion engine, which is also the object of this Special Issue, as well as complying with
the regulations set for these sectors [21,22].

Castiglione et al. (Contribution 7) evidenced that the most viable option to achieve a
low-emission aero-propulsion system is the utilization of alternative bio and synthetic fuels,
the so-called sustainable aviation fuels (SAFs), instead of fossil fuels. When supplied with
new fuels, the engine might undergo architectural modifications; consequently, advanced
control systems are mandatory to ensure a safe and efficient operation. Therefore, the
authors developed linear models for direct fuel control of a turboshaft aircraft engine
obtained using two approaches: Small Perturbation and System Identification. Moreover,
the linear models included the component degradation, demonstrating a reliable link with
performance, especially when the Small Perturbation technique is adopted.

Clean bioenergy generation in gas turbines is the focus of the paper by Lu at al.
(Contribution 8). The authors proposed an optimized methodology for the developed
pressurized Chemical Looping Combustors via a zero-dimensional model validated by
experimental data. Through such technology, combustion occurs in two separated reactors
(air and fuel). The modeling of the air reactor can be found in a previous paper [23], while
in the present Special Issue, a metal oxide is reduced in the fuel reactor, providing the
oxygen for the oxidation of the fuel, and then regenerated in the air reactor. At the fuel
reactor outlet, pure carbon dioxide can be obtained by condensing water vapor. In this way,
the CO; can be easily compressed and stored.

As already observed for ICEs, hydrogen and ammonia are interesting alternative fuels
for gas turbines as well, as demonstrated by Giacomazzi et al. (Contribution 9). However,
to use such alternative fuels and simultaneously reduce NOy emissions, it is necessary
to operate a reassessment of the combustor. Indeed, the flame structure of NH3 could
favor NO formation. Thus, the authors investigated the micro-mixing combustion system
of a non-premixed jet flame of NH;3/H; /N> blend in air crossflow via Direct Numerical
Simulation (DNS). Such a simple configuration provided evidence of the turbulent mixing
and its effects on the flame structure.

Finally, this Special Issue includes a wide and detailed review on the use of micro gas
turbines [24]. MGTs are gaining more attention in the current energy production scenario
because it is shifting from a centralized structure to a distributed one with the necessity to
exploit local renewable resources. In this regard, MGTs are compact and highly flexible,
being able to operate with different fuels and at different load levels [25]. The review
illustrates in detail the combustion of several liquid and gaseous fuels, also obtained from
biomasses considered to emit net zero CO,. In addition, due to the reduced size and the
typical high temperature at the exhaust of gas turbines, this particular power plant can
be perfectly integrated with other energy systems with a low environmental impact, for
example, solar fields, ORC, and fuel cells, and it can be utilized in CHP and CCHP assets.
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