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First name: Pranav LAST NAME: ARYA

Topic: Calibration methodologies for last generation automotive powertrains

Course year: 2™ Tutor(s): F. MILLO

Academic context

[1] MILLO, F., ROLANDO, L., MALLAMO, F., Model-based development and calibration of last generation
diesel powertrains for passenger cars, INT. J. POWERTRAINS, 2014, VOL. 3, N. 1.

[2] MALLAMO, F., BADAMI, M., MILLO, F., Application of the Design of Experiments and Objective Functions
for the Optimization of Multiple Injection Strategies for Low Emissions in CR Diesel Engines, SAE Paper 2004-
01-0123, SAE TRANSACTIONS, Journal of Fuel and Lubricants, p. 208-222, 2004, Vol. 113 -sect.4, ISSN
0096-736X.

[3] BADAMI, M., MILLO, F., MALLAMO, F., ROSSI, E., Experimental Investigation on the Effect of Multiple
Injection Strategies on Emissions, Noise and BSFC of an Automotive DI C.R. Diesel Engine, INTERNATIONAL
JOURNAL OF ENGINE RESEARCH, IMechE, 2003, Vol. 4, ISSN 1468-0874..

External collaborations

e FEV ltalia
e General Motors Global Propulsion Systems
o RWTH Aachen, Germany

Highlights of the research activity

Diesel engines are becoming more and more advanced and with advancement, the complexity of the engines
is increasing. The number of engine calibration parameters have doubled over the past years and time required
for calibration of powertrain using traditional methods has grown exponentially. In this context, it is necessary
to develop newer and faster methodologies for engine calibration.
In the 2" year of my PhD, the focus was on
development of an automated method for the
calibration of a diesel engine. The aim was to use the
genetic algorithm optimizer developed during the 15t
year and extend it to cases where the existing
calibration is absent. The optimizer was modified to
work in Multi Objective optimization mode using
Pareto Optimum solutions. Using DoE models all the
Key Points were optimized in a way to minimize the
emission. Multiple optimum calibrations were
generated for each key point to ensure smooth
calibration maps can be created.
The next step would be to use these smooth
calibration maps and the DoE models to calculate
engine emission maps. The engine emissions maps
can be then used with an after treatment system
simulation package to give the final tail pipe
emissions. These tail pipe emissions will then be
compared to the target to calculate a feedback. This
feedback will then calculate the new calibration
maps using the stored calibrations for the key points.
The feedback calculation will automatically take into
account the tradeoff between the smoothness of the
maps and target to be achieved.

Fig. 1 - Automated Calibration Methodology.
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First name: Azharuddin LAST NAME: AZHARUDDIN

Topic: Thermochemical dissociation of CO2 and H20 for syngas production

Course year: 2™ Tutor(s): M. SANTARELLI

Academic context

[1]1 W. C. Chueh, C. Falter, M. Abbott, D. Scipio, P. Furler, S. M. Haile and A. Steinfeld, Science, 2010, 330,
1797-1801.

[2] B. Bulfin, A. J. Lowe, K. A. Keogh, B. E. Murphy, O. Liibben, S. A. Krasnikov, and I. V. Shvets; Analytical
Model of CeO2 Oxidation and Reduction, J. Phys. Chem. C, 2013, 117 (46), pp 24129-24137

[3] Zhenlong Zhao, Mruthunjaya Uddi, Nikolai Tsvetkov,c Bilge Yildizc and Ahmed F. Ghoniem, Enhanced
intermediate-temperature CO2 splitting using nonstoichiometric ceria and ceria—zirconia, Phys. Chem. Chem.
Phys., 2017,19, 25774-25785

External collaborations

e University of Udine, Italy
UPC, Barcelona, Spain
e Technical University of Eindhoven (Tu/e), Eindhoven, Netherlands.

Highlights of the research activity

Chemical looping technologies are identified as to have a high potential in reduction of COz levels as it helps
in capturing carbon capture by having reactions without the presence of air. Oxygen carriers are one the main
contributor in designing the chemical looping technology successful. Due to difference in reduction and
oxidation rates, the kinetic study is shows inconsistencies in the literature regarding the suitability of the each

mechanism to describe the kinetic of CeO2 in chemical Solar thermochemical fuel production

@ H,0/CO,

looping solar thermochemical dissociation. The present o~

Solar concentration
(

study investigates the selection of kinetic model of

CO, capture
oxidation reactions by comparing all the solid state kinetic ’
model against the experimental data at conditions relevant
to chemical looping solar thermochemical CO2 splitting.

For experimental investigation Ceria is chosen as it is o E}%
considered as one of the promising redox oxygen carrier i o
because of its fast chemistry, high ionic diffusivity and large Li<|uld|luels

oxygen storage capacity. The kinetics were developed in
the temperature range of 700-1000°C with concentration
range between 20-40% CO: in feed. With the experimental
reactivity tests for ceria oxidation carried out kinetics

(Diesel, Jet fuel
Ethanal...)

Catalytic fuel synthesis |

Fig. 1 - Schematic of chemical looping CO2 and

H20 splitting to produce syngas with metal oxide

modeling is performed by statistically comparing the
looping between two step redox cycle.

models of carrying fidelity with Akaike information criterion
(AICc) and the F-test. Both Sestak-Berggren (SB) and

Avrami-Erofe’ev (AEn) model were best approximated for
kinetic model corresponding to nucleation and grain growth reaction mechanism. F test were done to identify
and distinguish between to have a selection and SB model were winner with activation energy of 78.5 kJ/mol.
This works provides a way of kinetic model development based on statistical approach to identify the reaction
mechanism.

In the next investigation we selected iron oxide sample Supported by MgAI203 to investigate the reactivity
and It's under investigation.
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First name: Verena Marie LAST NAME: BARTHELMES

Topic: Occupant Behaviour (OB) and its influence on building energy use and
comfort conditions

Course year: 2™ Tutor(s): S. CORGNATI. Y. HEO, R. K. ANDERSEN

Academic context

[1] Yan D., O'Brien W., Hong T., Feng X., Gunay H.B., Tahmasebi F., and Mahdavi A. 2015. Occupant
behaviour modelling for building performance simulation: Current state and future challenges. Energy and
Buildings 107, pp.264-278.

[2] Andersen R., Fabi V., Toftum J., Corgnati S.P., and Olesen B.W. 2013. Window opening behaviour
modelled from measurements in Danish dwellings, Building and Environment 69, pp.101-113.

[3] Heckerman D., Geiger D., and Chickering D. 1995. Learning Bayesian networks: The combination of
knowledge and statistical data. Machine Learning 20, pp. 197-243.

External collaborations

e University of Cambridge, Cambridge, UK
e Denmark Technical University, Copenhagen, DK
e Lawrence Berkeley National Laboratory, Berkeley, USA

Highlights of the research activity

The overall goal of this research activity is to (i) understand, analyse and numerically model the behaviour of
occupants and its influence on building energy use and comfort conditions, and to (ii) deploy energy
engagement strategies for raising awareness among users. In this context, the on-going research activities
can be divided into the following five lines of research:

Impact of OB lifestyles on building energy use and thermal comfort: This activity employs building
simulations to demonstrate the potential impact of different OB lifestyles (low, standard and high consumer)
on building energy use and thermal comfort conditions, also in relation to (i) high/low performing building
features and (ii) building automation.

Fig 1. Example of a BN:

Exploration of the Bayesian Network (BN) framework for OB analysis: Window opening behaviour.

This activity explores the applicability of the BN framework to analyse and
model occupant behaviour and highlights that it represents an innovative
framework for capturing the stochastic nature of OB towards bridging the
gap between real and predicted energy consumptions. A first study

investigated the BN framework for modelling occupant behaviour (e.g. //0/ ,,%

window action behaviour) depending on indoor environmental variables and
other influencing factors (Fig.1).

Target

Interdisciplinary investigation on OB through surveys: This activity
aims at going beyond the investigation on only physical parameters that
drive the occupant to perform a certain action by including a wider range of
psychological, social, and individual factors that trigger occupants’ 4
interaction with the building. duor cariso?”

Modelling Time Use Survey (TUS) Data for OB profiling: This activity is aimed at profiling OB in the
residential sector by modelling Danish TUS data and providing valuable input for building simulation programs,
such as occupancy profiles for different household compositions during different days of the week.

Energy Engagement Programs: This area includes the active involvement in local and international
behavioural change programs (Horizon 2020-Mobistyle) in different sectors (residences, offices, university
campuses, hotels) that aim at rising the energy awareness of the occupants in a long-term perspective in order
to reduce energy consumptions and optimize comfort/health conditions at the same time.
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First name: Andrea LAST NAME: BERSANO
Topic: Innovative heat removal and transport systems for advanced nuclear reactors

Course year: 1 Tutor(s): M. DE SALVE, C. BERTANI

Academic context

[1]1 M. Caramello, M. Gregorini, C. Bertani, M. De Salve, A. Alemberti, B. Panella, “Thermal hydraulic analysis
of a passively controlled DHR system”, Progress in Nuclear Energy, vol. 99, pp. 127-139, 2017

[2] A. Bersano, M, De Salve, C. Bertani, N. Falcone, B. Panella, “Modeling and Experiments of a Passive
Decay Heat Removal System for Advanced Nuclear Reactors”, 2017 25th International Conference on Nuclear
Engineering, Shanghai (China), July 2-6, 2017, vol. 9, pp. 1-10

[3] C. Bertani, N. Falcone, A. Bersano, M. Caramello, T. Matsushita, M. De Salve, B. Panella, “Verification of
RELAP5-3D code in natural circulation loop as function of the initial water inventory”, 35th UIT Heat Transfer
Conference, Ancona (ltaly), June 26-28, 2017.

External collaborations

e ENEA
e SIETSpA.

Highlights of the research activity

During the first year of PhD, my research activities were related to the analysis of passive decay heat removal
system operating in natural circulation. The decay heat removal system is a fundamental component of every
nuclear power plant that allows to remove the residual decay power after the shutdown of the reactor. In order
to improve safety of Generation IV nuclear reactors passive systems are used since they do not need external
energy to operate.

Starting from the conceptual design of the decay heat removal system ALFRED (a demonstrator lead-cooled
reactor proposed by Ansaldo Nucleare), an experimental facility has been built and used to study heat removal
in natural circulation and the effectiveness of bayonet heat exchangers that are intended for liquid metal cooled
reactors.

The system behavior has been analyzed both experimentally and with the system code RELAP5-3D, which is
widely used in the nuclear sector. It has been deeply analyzed the effect
of non-condensable gases on the global behavior of the system that &
introduce significant instabilities and oscillations. Thermal losses A B Syt
modeling has been also considered and implemented in the simulations
to get a more accurate numerical solution. It has been shown the
capability of the code to predict the overall behavior of the system but also = | & :-
the criticalities related to volumes where stagnant air is present. ' s
Therefore, it has been assessed the improvements related to the i e
implementation of the multidimensional component together with the ‘ ' l
limitations.

Through the study of bayonet heat exchangers design, the possibility of
enhancing heat transfer has been exploited by varying the geometry of
the downcomer tube by numerical simulations.

Moreover, the literature on scaling criteria for system operating in natural |
circulation has been reviewed and applied to the experimental facility ,
PROPHET to highlight possible limitations. N R | |
Finally, a literature review of pool type heat exchangers has been started g ‘ B ‘

EH

and the preliminary design of an experimental facility aimed to the study
of this particular heat exchangers has been begun. The results will be use
to assess the RELAP5-3D capabilites and to propose possible
improvements.

Fig. 1 - RELAP5-3D model.
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First name: Andrea LAST NAME: BERTINETTI

Topic: Advanced modeling for heat and mass transfer in components of fusion
reactors

Course year: 2™ Tutor(s): L. SAVOLDI

Academic context

[1]L. Savoldi et al., Numerical investigation of collector cooling for a 1 MW ITER gyrotron operated with vertical
sweeping, Fusion Engineering and Design, 2015.

[2] F. Albajar et al., Status of Europe’s contribution to the ITER EC system, EPJ Web of Conferences, 2015.
[3] A. Froio et al., “Dynamic thermal-hydraulic modelling of the EU DEMO HCPB breeding blanket cooling
loops,” Progress in Nuclear Energy, vol. 93, pp. 116-132, 2016.

External collaborations

e Fusion for Energy (FAE) — Barcelona (Spain)
e EUROfusion — Garching (Germany)
e Karlsruhe Institute of Technology (KIT) — Karlsruhe (Germany)

Highlights of the research activity

During my second year of PhD, | performed three different activities involving 3D simulations on fusion-related
components using the software STAR-CCM+. For two of them (see a) and b) below), the critical issue is the
modeling of the heat transfer, while for the remaining one (c) the main issue is the flow distribution.

a) Validation of thermal-hydraulic simulations on a gyrotron
cavity mock-up equipped with mini-channels. The mock-up
equipped with mini-channels, designed during the first year,
has been tested by AREVA in the Le Creusot NP Centre
(France). The work on this activity involves the calibration

and validation of the 3D thermal hydraulic simulations to N N _l—-—‘ .
obtain a better agreement of the experimental results, in et 2t \)
particular as far as coolant pressure losses and temperature ‘ = 2 A VY
- nlet Manifold [y %

are concerned. @)
b) 3D multi-physics simulation on the DEMO coaxial o
gyrotron cavity. In this work, the thermal-hydraulic, thermo- 3D IM full-size
mechanic and electromagnetic iterative procedure i -.?3 Lﬁ"oz‘e?”"”"
developed during the first year on the 1MW ITER gyrotron E 2
cavity has been applied on the coaxial cavity that is under N&s 3
development for the DEMO gyrotrons. The work of this year 2
is focused on the cooling optimization of two different cooling | & ™
layout involving an annular geometry (without any turbulence 5
promoter) and a mini-channels geometry and the application I’

0 5 10 15 20 25 30 35

of the same procedure on the coaxial insert. This work is
performed in collaboration with KIT.
c) Design of a HCPB BSS segment mock-up for test facility.

x/D, [ (b)

The scaling down procedure for the design of the mock-up
of the Helium Cooled Pebble Bed (HCPB) Back Supporting
Structure (BSS) has been identified to maintain the most
relevant hydraulic parameters. Similarity conditions has
been successfully checked by means of 3D CFD simulations

(see Figure 1: (a) Computed streamlines on the

Figure 1: (a) Computed streamlines
on the equatorial full size maniford
of the HCPB and (b) comparison
between simulation results on the

equatorial full size maniford of the HCPB and (b) comparison between simulation results on
the full size and mock-up structure and the 1D Modelica model (b).a) and the sizing of the mock-

up has been performed, in collaboration with A. Froio.
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First name: Giulio LAST NAME: BOCCARDO
Topic: TIVANO Project — Avio diesel-hybrid propulsion systems

Course year: 3 Tutor(s): F. MILLO, P. NUCCIO

Academic context

[1] Gatti P., Fagg S., Cornwell R., Millo F., Boccardo G., Porcu D., Manelli S., Capiluppi C., Marinoni A.
“Investigation of a ‘SCR free’ system to meet Stage 1V and beyond emissions limits”, Proceedings of the Heavy-
Duty, On- and Off-Highway Engines 2016 11 International MTZ Conference, November 2016, Ulm, Germany.
[2] Queck D., Herrmann O., Bastianelli M., Arita N., Manelli S., Capiluppi C., Fukuda A., Millo F., Boccardo G.,
“Next Steps towards EGR only concept for medium duty industrial engine”, Proceedings of 4™ International
Engine Congress 2017 — 21 and 22 February, 2017 Baden-Baden, Germany.

[3] Millo, F., Boccardo, G., Piano, A., Arnone, L. et al., "Numerical Simulation of the Combustion Process of a
High EGR, High Injection Pressure, Heavy Duty Diesel Engine," SAE Technical Paper 2017-24-0009, 2017.

External collaborations

e Kohler Co. \ Engines
e Leonardo S.p.A.
e Gamma Technologies LLC

Highlights of the research activity

The TIVANO (Innovative General Aviation Technologies) project,
funded by MIUR within the CLUSTER framework, aims to explore

150 15
the feasibility of a new generation powertrain for aircraft application - Prodcted
(especially designed for Medium-Altitude Long-Endurance S Tty i
Unmanned Aerial Vehicle, UAV-MALE) that promises to cut fuel 2 oof \ {o 2
consumption, COz and Noise emissions. This powertrain features a § il \ Is s
last generation Common Rail turbocharged diesel engine coupled £ \ E
with an electric motor/generator. Within this project my research 30 ya\ ey ©
activity focused particularly on the development of the internal 5 | ST
combustion engine, which I've carried out in synergy with the Kohler 40 20 0 20 40 60 80

Crank Angle [deg]

Fig. 1 - Predictive combustion model:
given the fuel injection rate profile
(orange line) and the boundary
conditions, the model calculates the burn
rate and the in cylinder pressure trace
(green lines), showing a good agreement
with the experimental results (blue lines).
31

project, that aims to design a new generation Heavy Duty Diesel
Engine without any specific aftertreatement device for NOx [1] [2].
This engine has similar design features to the TIVANO one, and |
was therefore able to use data and know how gathered in the Kohler
project to compensate for data not yet available in the TIVANO
project.

In 2017 my activity focused on the integration of the TIVANO engine
model within the global aircraft model in Simulink and on the
expansion of the 1D-CFD model to include a fully-physical
representation of the cooling system. Concerning the first task, it was not possible to integrate the fully-physical
engine model as it is, due to runtime issues. In fact, the aircraft model must be able to simulate the different
aircraft subsystems and their interactions along an entire mission profile that can last for several hours. The
detailed engine model was therefore used to generate a map-based model in Simulink representative of the
engine behavior in the whole aircraft operating domain. Thanks to the outcomes of the Kohler project, a
predictive combustion model was developed, exploiting an innovative approach for the prediction of the fuel
injection rate for the next generation of Common Rail systems, capable of reaching up to 3000 bar injection
pressure, and obtaining a virtual engine prototype.

The second task focused instead on the development of a detailed model of the cooling system in order to
analyze the sizing of its components, which were initially taken from similar engines. Particular care was paid
to the optimization of the heat exchangers, that have huge impact on the aerodynamic efficiency and on the
engine bay packaging.

12|Page




Energetics PhD ANNUAL REPORT | 2017

First name: Andrea LAST NAME: BOTTEGA
Topic: Spray Analysis of injector for marine & medium speed engines

Course year: 2™ Tutor(s): C. DONGIOVANNI

Academic context

[1] L. Postrioti, M. Battistoni, C. Ungaro, A. Mariani. “Analysis of Diesel Spray Momentum Flux Spatial
Distribution”. SAE Paper 2011-01-0682

[2] K.A. Phalnikar, R. Kumar, F. S. Alvi, Experiments on free and impinging supersonic microjets, Experiments
in Fluids 44.5 (2008) 819-830.

[3] C. Dongiovanni, C. Negri, D. Pisoni, Macroscopic Spray Parameters in Automotive Diesel Injector Nozzles
With Different Hole Shape. ASME. doi:10.1115/ICES2003-0565.

External collaborations
e O.M.T. Officine Meccaniche Torino S. p. A.

Highlights of the research activity

My research activity is focused on the analysis of diesel sprays. In particular during the first year a deepen
analysis of a first version of the sensor yielded to a complete redesign of the SMSA sensor able to investigate
the momentum distribution of a dense spray by means of impact pressure (IP). During the second year, using

the developed sensor a complete experimental campaign was
performed to validate the sensor performances. Analized lane
Sensor validation has been performed by using an underexpanded
air jet. This choice has been made because in this way it’s possible 5
to generate jets with characteristics (Impact force and impingement 75
area) similar to those of an automotive diesel spray but showing
impact pressure distribution patterns [2] with a spatial frequency
content higher than the one known at present for diesel spray.
Therefore, the validation of the SMSA sensor has been carried out
considering more critical conditions. Furthermore, very few data
concerning diesel-spray impact pressure distribution are available
in the literature, while underexpanded air jet are extensively
investigated. SMSA sensor shows better performances with respect
to other sensors (e.g. punctual measurement [1]) being able to
reproduce trend with higher frequency content.

A pressurized chamber test for the optical analysis of spray has !
been designed and manufactured. An optical system (High speed S . o °
camera, illuminating system) able to capture very fast injection e e
process (duration of 500 micro-sec) has been designed.
The algorithm presented in [3] based on the Karunen-Loeve Fig 1- IP Pattern at different distance
Decomposition has been further developed allowing a direct from nozzle exit.

impact Plane [mm]

estimation of macroscopic spray parameter (e.g. penetration and
diffusion angle). Results obtained by this algorithm shows lower variance also in the early injection stage when
the spray is still not fully developed.
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First name: Alberto LAST NAME: BRIGHENTI

Topic: Validation and improvements of the thermal-hydraulic modeling of

superconducting magnets for fusion applications

Course year: 2™ Tutor(s): L. SAVOLDI

Academic context

[1] L. Savoldi Richard, F. Casella, B. Fiori, R. Zanino, “The 4C Code for the Cryogenic Circuit Conductor and

Coil modeling in ITER”, Cryogenics, vol. 50, pp. 167-176, 2010.

[2] R. Zanino, L. Savoldi Richard, “A review of thermal-hydraulic issues in ITER cable-in-conduit conductors”,

Cryogenics, vol. 46, pp. 541-555, 2006.

[3] R. Bonifetto, T. Isono, N. Martovetsky, L. Savoldi, R. Zanino, “Analysis of Quench Propagation in the ITER
Central Solenoid Insert (CSl) Coil”, IEEE Trans. Appl. Supercond., vol. 27 n. 4, 2017.

External collaborations
e QST — Naka (Japan)

Highlights of the research activity

The 4C code [1] is a complex tool for thermal-hydraulic
analyses of superconducting coils for nuclear fusion devices. In
the frame of the PhD topic, the 4C model of the Toroidal Field
Insert (TFI) coil has been used, for the first time, to predict the
quench propagation in the conductor, performing the
simulations before the tests. The ITER Toroidal Field Insert
(TF1) coil is a single-layer NbsSn solenoid tested in 2016-2017
at the National Institutes for Quantum and Radiological Science
and Technology (former JAEA) in Naka, Japan and the TFl is
the last in a series of ITER insert coils. This experimental
campaign has been particularly important since it tested the
conductor, already used in manufacturing of ITER TF caoil, to
assess its performance under electro-magnetic and thermal
cycles. The tests were performed in operating conditions
relevant for the actual ITER TF coils, inserting the coil in the
borehole of the Central Solenoid Model Coil, which provided
the background magnetic field. Predicted results were lately
compared with experimental measurement showing a good-to-
excellent agreement, for instance if total voltage or normal zone
evolution were considered, see Figure 1, where t*=t—tap
where the latter term is the time of quench detection.
However, some predicted quantities showed a somewhat
noticeable difference, therefore to improve the quality of the
results provided by the code, some additions were made,
namely a simplified version of the cryogenic circuit and of the
supporting structure, called mandrel, which brought to some
improvements in the agreement between simulations and
experimental results
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Fig. 1 - (a) Comparison between predicted (thin
dashed line) and measured (thick solid line) total
voltage traces. (b) Comparison of predicted
(black circles) vs. measured (red triangles)
quench front propagation; the trajectory of
computed points where I=Ic is also reported
(dotted blue line).
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First name: Mattia LAST NAME: CAGNOLI
Topic: Analysis of thermal losses for CSP applications

Course year: 2™ Tutor(s): R. ZANINO, L. SAVOLDI

Academic context

[1]1 T. Fend, P. Schwarzbdézl, O. Smirnova, D. Schéllgen and C. Jakob, "Numerical investigation of flow and
heat transfer in a volumetric solar receiver," Renewable Energy, 60 (2013) 655-661.

[2] J. Coventry, C. Andrak, J. Pye, M. Blanco and J. Fisher. “A review of sodium receiver technologies for
central receiver solar power plants” Solar Energy 122 (2015) 749-762

[3] N. Boerema, G. Morrison, R. Taylor, G. Rosengarten. “High temperature solar thermal central-receiver
billboard design” Solar Energy 97 (2013) 356-368.

External collaborations

e Centro National de Energias Renovables (CENER), Sarriguren, Spain
o Plataforma Solar de Almeria (PSA), Almeria, Spain
e Australian National University (ANU), Canberra, Australia

Highlights of the research activity

During my second PhD year, my activity focused on the
numerical thermo-hydraulic investigation of solar receivers.
Multiscale analysis of open volumetric receivers: This work
started last year and it focuses on the multiscale numerical 0.5 |
analysis of a honeycomb volumetric receiver. This year the
micro-scale parametric CFD analysis has been
accomplished and it has been published in Solar Energy.
Lifetime reduction in tubular central receivers: An
experimental campaign has been carried out at the solar
furnace located at the PSA, within the SFERA 2017 project,
in order to test advanced tube samples equipped with 02l : : -
turbulent promoters. The aim of the tests was to understand 0 0.5 1 1.5
if the turbulence promoters are an effective solution to V. [m/s]

reduce the temperature gradient across the tube wall leading
to a lower mechanical stress.

Numerical analysis of a sodium cooled central receiver: A
grid-connected solar plant in Australia, based on the central
tower receiver technology, has been numerically
investigated focusing on the thermal performance of the billboard tubular receiver, which has been studied
both at the component and system level. At the component level, a 3D CFD model has been developed
considering only the external flow to predict accurately the convective heat losses. The system level analysis
has been performed by means of a lumped parameter model of the receiver developed in the Modelica
framework, simulating the internal flow of sodium, which can be included in a whole plant model to simulate
the overall performance. Combining the CFD and the Modelica model, an accurate description of both the
external and internal flow can be obtained.

Performance prediction of the innovative MOSAIC receiver: The MOSAIC project is part of the H2020 initiative
and it aims developing an innovative solar power system based on the solar bowl concept, which should be
able to reduce the LCOE cost with respect to the others available solar technologies. Numerical studies have
been conducted on the receiver during this year in order to estimate the thermal performance of a couple of
candidate configurations for the final design.

0.6

04|

1
?overal I

0.3 |

Fig. 1 - Micro-scale (single-channel) parametric
analysis results: overall efficiency as a function
of the air speed and of the channel aperture.
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First name: Sabino LAST NAME: CAPUTO
Topic: Development and analysis of a low heat rejection diesel engine

Course year: 2™ Tutor(s): F. MILLO

Academic context

[1] Caputo, S., Millo, F., Cifali, G., and Pesce, F., "Numerical Investigation on the Effects of Different Thermal
Insulation Strategies for a Passenger Car Diesel Engine," SAE Int. J. Engines 10(4):2154-2165, 2017.

[2] Wakisaka, Y., Inayoshi, M., Fukui, K., Kosaka, H. et al., "Reduction of Heat Loss and Improvement of
Thermal Efficiency by Application of “Temperature Swing” Insulation to Direct-Injection Diesel Engines," SAE
Int. J. Engines 9(3):2016.

[3] Morel, T., Keribar, R., Blumberg, P., and Fort, E., "Examination of Key Issues in Low Heat Rejection
Engines," SAE Technical Paper 860316, 1986.

External collaborations

e General Motors Global Propulsion Systems
o Powertech Engineering
e Gamma Technologies

Highlights of the research activity

During the second year of PhD, my research activities were focused on the development and the analysis of
a Low Heat Rejection Diesel Engine, within a collaborative project between Politecnico di Torino and General
Motors Global Propulsion System, started on May 2016.

In particular, in the first part of the second year of my PhD | worked on the simulation modelling of a 1.6 |,
passenger car, turbo-charged, diesel engine, to investigate the potentials of the thermal insulation solutions.
Engine cycle simulations have been carried out using a 1D commercially available simulation code, GT-
POWER. The results of the simulations have confirmed that the piston insulation results the most promising
technology for increasing the engine efficiency thanks to the large piston surface exposed to the hot gas near
the Top Dead Center Firing (TDCF). Then, the research has been focused on the evaluation of the effects of
different piston Thermal Barrier Coatings (TBCs), characterized by different materials and thicknesses. The
simulations of anodized aluminum piston coating (thickness of 100
pum) have shown approximately 0.8% in efficiency improvement and
4% in heat transfer reduction.

In the second part of the year we conducted a wide campaign of
experimental tests at dyno-test bench of Politecnico di Torino in
order to assess the potential of the thermal insulation strategies.
The tested hardware configurations are: 1. Baseline, with the
standard set-up, taken as a reference; 2. Piston Full Coated (PFC),

\ISFC [%)]

3 I |
-5

-6

in which the entire piston surface was covered with 90 ym of 150045 2000x2 200068 2000x16
anodized aluminum; 3. Head and Piston Coated (HPC), obtained mPFC mHPC

from the previous one, including a special head with a thermal

barrier coating on the exhaust ports (300 + 400 um). As shown in Fig. 1 - ISFC variations for different
Figure 1, the insulated configurations (PFC and HPC) present lower engine operating points in warm
values of ISFC (so higher thermal efficiencies), due to the heat loss condition.

reduction. As expected, the ISFC reductions are more pronounced
at lower load (2000x2), due to the higher influence of the heat losses on the overall thermal efficiency.
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First name: Angela LAST NAME: CARBONI

Topic: Rail-road combined transport: Integrated Smart Sensing (ISS) to support
intermodal terminals, throughput and logistics energy efficiency

Course year: 2™ Tutor(s): B. DALLA CHIARA

Academic context

[1] Dalla Chiara B., Rose G.,(2015) Special Issue: Energy Systems in Transport Systems and the Role of ITS,
Editorial, IET Intelligent Transport Systems, Volume 9, Issue 5, p. 477 —478

[2] Carboni A., Deflorio F. Performance indicators and automatic identification systems in inland freight
terminals for intermodal transport, presented at the Scientific seminar of SIDT 2017 and submitted to IET
Intelligent Transport Systems (first round of revision -October 2017).

[3] Carboni A., Deflorio F. (2017) Quality and energy evaluation of rail-road terminals by microsimulation,
Transport Infrastructure and Systems: Proceedings of the AIIT International Congress on Transport
Infrastructure and Systems (Rome, Italy, 10-12 April 2017), Editors G. Dell'Acqua and F. Wegman, CRC Press,
ISBN 9781138030091

External collaborations
e Hupac s.p.a. di Busto Arsizio-Gallarate (project Cluster ITS Italy 2020)

Highlights of the research activity

The main and final goal of my research activity is to evaluate, through simulation and analytical approach, the
effects of possible ITS applications on intermodal terminals, in terms of throughput and energy efficiency. The
research includes other considerations about rail-road combined transport, therefore not only focusing on the
nodes but also on the entire network and paths, to assess the technical, economic and energetic
competitiveness against other alternative modes. Selected regulation framework was the starting point of my
research: the transport White Paper of 2011, the 2030 climate and energy framework, the Regulation (EU) No
1305/2014 on the technical specification for interoperability relating to the telematics applications for freight
subsystem of the rail system in the EU and the EN13044 (ILU-Code). Three main topics have been analyzed

in detail:

- theinternal phases of rail-road terminal process, definition 3210
of actors, role and stakeholders involved in the process,
monitoring of terminal with video-tools, interviews and
field observations;

- set of perfomance indicators, classified according to the
actors involved, the scope (reliability, flexibility,

s CO, Emission

T T T T T
Road _—
Rail = —
Rail-road combined s

Emission [gCO2 / tkm]

800 1000 1200 1400

accessibility, safety and security, energy and Distance fkan]
environment) or the part of the process; <10t Consumption

- automatic identification sensors, as OCR or RFID
solutions, contribute to terminal  performance
improvement, affecting the indicator value, and also may
enable the computation of the indicators itself.

First method investigated was the traffic microsimulation

approach in which each vehicle can be monitored along the

Consumption [gep / tkm]
R R N -
— T

= L L L 1 1 L L L -
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o

simulation period with a sub-second step time resolution. The
model provides an estimation of the indicators, for its quality,
expressed as the turnaround time, and energy, expressed as

Fig. 1 - CO2 emissions and consumptions for
road, rail and combined freight modes. Work in
progress (Nov. 2017)

the total fuel consumed by the road vehicles. Later, the
relations between indicators and technologies, as well as the comparison of different sensors solution are
modelled with the representation of system architecture using a standard language (ArchiMate). This approach
support the calculation of indicator by showing at which points of the process the events should be detected
to measure KPls also with different scenarios.
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First name: Marco LAST NAME: CAVANA
Topic: Integrated energy networks

Course year: 1 Tutor(s): P. LEONE

Academic context

[1] Clegg S., Mancarella P. (2015).“Integrated modelling and assessment of the operational impact of power-
to-gas (P2G) on the electrical and gas transmission networks”. IEEE Trans. on Sust. En., 6(4), 1234-1244.
[2] Pellegrino S., Lanzini A., Leone P., (2017).”Greening the gas network - The need for modelling the
distributed injection of alternative fuels”. In: Ren. & Sust. En. Rev, vol. 70, pp. 266-286.

[3] (2016), “Embrace The Change”. In. Nature Energy, vol. 1,issue 6, pg. 16088.

External collaborations

e BalturS.p.a
e Energy Center Lab
e NREL

Highlights of the research activity

Every research starts with, at least, one question. Mine is: “is the total electrification of the final energy use
really feasible?”. And so, will the electrical infrastructure take over the gas pipeline system, even if natural gas
is said to be the fuel for the transition? What will it happen when the transition will be over?

Apparently, those questions are urging not only among academics but also among gas industries and power
system stakeholders. It has to deal with storage of intermittent renewables, flexibility, back-ups and energy
security to enable a true decarbonisation of the energy system.

| had the chance to discuss those issues at the Eurogas Annual Conference in Brussels on Oct.27" 2017, as
the final outcome of the 15t year of PhD, while | got the award for
my elevator pitch about a case study the injection of hydrogen
into the natural gas distribution system.

The subject of renewable gases arouses interest also among
heating appliances manufacturers such as Baltur Spa, the
industrial partner of the research project “Heat in the pipe” that |
helped writing and got financed. This 2-year project is about the
greening of the heating sector, aiming at studying all the possible 1 GERG Yount Ressaehes
pathways ranging from electrification via heat pumps to the e i
decarbonisation of the gas system. In this latter framework, the
higher variability of the gas quality due to distributed injection of
different gases may become a strong criticality both on the

infrastructure and on the users’ appliances. An experimental s | —

campaign may be set up with the collaboration of the industrial Fig. 1 - Award of the 8" GERG Young
partner. Resercher Prize for the best 3-min
The 13! year of my PhD has been preparatory for these upcoming presentation at Eurogas 2017.
activities, having concluded 2 publications about the distributed with: Beate Raabe, Secretary General

injection of unconventional gases and presented at two
international conferences. The first, about the biogas injection into a small municipality distribution network
has been presented as a poster at the 25" EUBCE in Stockholm where it has been awarded as the best poster
in its category. The second, about the hydrogen injection case, has been presented both with poster and oral
presentation at the 6" European PEFC & Electrolyser Forum in Luzern.

The renewable gas scenario cannot stand without an integration between the electricity and the gas sector
and infrastructures. On this side, studies on the modelling of the electricity network have been carried out
following a few master thesis. Also, a possible collaboration with NREL in the framework of co-simulation is
under discussion.
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First name: Stefano LAST NAME: COSS
Topic: Advanced methods for future sustainable design and operation of smart DHN
Course year:3 Tutor(s): V. VERDA, O. LE-CORRE

Academic context

[1] Mathiesen, B.V., et.al., (2015): Smart Energy Systems for coherent 100% renewable

energy and transport solutions. Journal of Applied Energy 145, 139-154

[2] Lund H., et.al. (2014): 4th Generation District Heating (4GDH) Integrating smart thermal grids into future
sustainable energy systems. Journal of Energy 68, 1-11

[3] Lund H., et.al. (2010): The role of district heating in future renewable energy systems. Journal of Energy
35, 1381-1390

External collaborations

¢ Institute Mines Telecom, Nantes
e Select+ PhD program
e InnoEnergy PhD program

Highlights of the research activity

Highlights of the past academic year were the research done one how to optimally size a DHN network
including integration of DSM measures. The future design of small-to medium scale district heating networks
must integrate policy-related targets while being able to provide a certain energy service to its consumers with
profitable business models. Policy targets emphasize cross-cutting developments, like the increase of biomass
share and the implementation of demand side measures. This implies the need for multi-goal, optimum design
of heat production, which performance is highly dependent on the yearly heat load profile. In the research work,
a holistic energy service model is proposed for design
optimization of energy supply from a biomass-based heating
plant for small-to medium scale applications. Furthermore a new
indicator called “load deviation index” is proposed, which is used
(a) for characterization of heat load profiles and (b) for the
assessment of the impact of different demand side measures
onto optimum design. A review of the actual policy framework

and the business implications reveal the need for a holistic future | | ¢e-@eerve. " T lnwm
district heating network design, where both demand-and supply el ns e Sty e
side services are included. A multi-objective optimization is

applied for calculating Pareto-optimum solutions of the heating Fig. 1 - System model for energy
plant design while the demand side is modeled using the load services in DHN including DSM
deviation index. The model is applied to a typical case study, measures and optimum design.

whereas its results are not restricted to it. Generic results are
obtained through normalization and provide evidence that
demand side measures do not always contribute to higher
performance of such systems.
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First name: Chiara LAST NAME: DELMASTRO

Topic: Advanced Urban Energy Planning: an interdisciplinary approach to improve
heat decarbonization assessments

Course year: 3¢ Tutor(s): S. CORGNATI, A. CARPIGNANO, M. GARGIULO

Academic context

[1] Lundstréom, L., Wallin, F. (2016). Applied Energy 161, 290-299.

[2] Becchio C., Corgnati S.P., Delmastro C., Fabi, V., Lombardi, P. (2016). Sustainable Cities and Society,
vol. 27, pp. 324-337.

[3] Delmastro C., Mutani G., Corgnati S.P. (2016). A supporting method for selecting cost-optimal energy
retrofit policies for residential buildings at the urban scale, Energy Policy, 99, pp.42-56.

External collaborations

e International Energy Agency, ETP Division
e |VL, Swedish Environmental Research Institute
o E4SMA

Highlights of the research activity

The thesis aims to understand if and how traditional energy system comprehensive models for cross sectoral
energy planning are able to support the challenges provided by integrated urban energy planning. Specifically,
the goal of the thesis is to develop an innovative multidisciplinary approach for performing the urban energy
planning procedure from a cross-sectoral system perspective, with a specific focus on the built environment of
district heated cities. Following the traditional energy planning (technical part) scheme, the methodology is
divided into two main phases: preparation phase and detailed analysis phase. All the procedure has been
applied to a specific case study, the city of Torino, for analyzing the system dependency of energy savings
taking into account that is plausible to assume that in areas where district heating is already present or is
planned, variation in thermal demand will occur as building energy efficiency improves over time. While first
and second year has been devoted to the preparation phase and energy planning through comprehensive
simulation models, the last year has been devoted to

the development of an optimization model by means 20000

of the TIMES model generator. The model considers e

197 energy commodities, 307 processes, and 40 12000

timeslices. The scenarios are created by considering _ 12000

as key variables: emission targets, energy prices, | & Coo

discount rate, district heating penetration, renewable 5000

penetration, carbon tax and the emission factor of e
electricity consumption from the grid. The impact of 0 — 0%
these variables on the evolution of the energy system 2o ot e zo%0

can be derived from the model. sotar e Elcctricty

As for simulation, results highlighted that thermal i uricipsl Solid Wasts Biomass

energy savings are not standalone from the evolution Narural gaz s Gl derivares

of heat supply and may avoid unnecessary £03 smission reduction (1920 evek]

investments in building retrofit. Both simulation and
optimization models allow a market perspective for Fig. 1 - Example of the fuel mix evolution with an 80%
policy advice and show that there are opportunities emission reduction target.

to achieve significant energy savings and emissions
reduction through strategic combination of district heating and building renovation investments. The key
benefits of the proposed methodology is related to the possibility of study the interaction between energy
system, the environment and the economy and to stress the integration between demand and supply. In
particular, as demonstrated by the case study, these models are particularly useful for supporting thermally
focused analyses.
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First name: Alessio LAST NAME: DESANDO
Topic: Aircraft engine efficiency improvement through an innovative Active Clearance Control System

Course year: 2™ Tutor: E. CAMPAGNOLI

Academic context

[1] Lattime, S. B., Steinetz, B. M., Turbine Engine Clearance Control Systems: Current Practices and Future
Directions, NASA Tech. Mem. TM-2002-211794 (2002).

[2] Zuckerman, N., Lior, N., Jet Impingement Heat Transfer: Physics, Correlations, and Numerical Modeling,
Advances in Heat Transfer, 39, 565-631 (2006).

[3] Yu, R., Peng, C., Chaoyi, W., Experimental and Numerical Investigations of Impingement Heat Transfer on
the Surface with Micro W-shaped Ribs, Int. J. Heat Mass Transfer, 93, 683-694 (2016).

External collaborations
e GE Avio Aero

Highlights of the research activity

The present research is focused on the Active Clearance Control (ACC) system for Low Pressure Turbines
(LPT) in large aircraft engines. The proper control of the clearances (i.e. the small gaps between rotor blades
and their external case) is crucial in order to improve the efficiency of the next-generation civil aircrafts, since
these gaps are source of energy loss. The ACC performs its control action by means of the cold air jet
impingent, cooling down the LPT case during cruise and consequently reducing the clearances.

The present project focuses on improving the current configuration, by introducing an innovative design
approach. An extended literature survey pointed out the three main topics related to this subject: the mass
flow rate optimization (in terms of bled air source and pressure losses), the pipeline heat pick-up due to the
other engine components and the heat transfer in the jet impingement region.

The first step has been focused on the mass flow rate optimization evaluating, by means of a DoE, those
parameters, which affect the most the mass flow rate. The performed analyses are 1D numerical.

The next phase has been the heat pick-up evaluation. This analysis required the development of a tool capable
to integrate the ACC fluid-dynamics (managed by Floinhance) with the thermal calculations carried out by
QUIPTA, a GE Avio Aero tool developed on VBA.

This tool provided a detailed analysis of the temperature and mass flow rate distribution among the several
ACC pipelines, pointing out their circumferential non-uniformity and highlighting which parameters may reduce
this undesired effect. This tool required about
two hours to analyze a single configuration, an Cold Imping ement air
unfavorable feature for a pre-design tool.
Consequently, many efforts have been made
to overcome this drawback. By using the
software Matlab, instead of VBA, the

computational time has been reduced from Aicfrom Fan Lo

two hours to a couple of minutes, making the .
usage of this pre-design tool more convenient

and versatile. Heart ks oo ather
Currently, the focus is moving to the jet SghE ampae

impingement region, with the goal to improve
the heat transfer: this way, the improved
clearance control system could be both more , _ ) - .

. . o . Step 1: Air bleeding and v Step 2: Heat pick-up Step 3: LPT Case cooling
efficient and faster in terms of response time distribution analysis analysls detailed analysis
to sudden maneuver during cruise.

Fig. 1 - ACC system: architecture and main topics.
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First name: Giuseppe LAST NAME: DI PIERRO

Topic: Analysis, Development and Optimization of Automotive Electric Hybrid
Powertrain Systems

Course year: 1 Tutor(s): F. MILLO

Academic context

[1] Cubito, C.; Rolando, L.; Millo, F.; Ciuffo, B.; Serra, S.; Trentadue, G.; Marcos Garcia, O.; Fontaras, G.,
“Energy Management Analysis under Different Operating Modes for a Euro-6 Plug-in Hybrid Passenger Car”
SAE Tech. Pap. 2017.

[2] Millo, F.; Badami, M.; Ferraro, C.V.; Rolando, L., “Different Hybrid Powertrain Solutions for European Diesel
passenger cars,” SAE Int. J. Engines 2010, 2, 493-504.

[3] F. Millo, L. Rolando, and M. Andreata, “Numerical Simulation for Vehicle Powertrain Development,” in
Numerical Analysis - Theory and Application, 2011, pp. 519-540.

External collaborations

e FEV ltalias.r.l.
e FEV Europe GmbH
e Joint Research Centre (JRC)

Highlights of the research activity

In the decarbonization-of-transport framework, Hybrid Electric Vehicles (HEVs) represent an extremely
promising solution for the automotive industry to bridge the gap between the desirable features of electric
powertrains, the range capability and the more affordable costs of conventional vehicles. They ensure higher
fuel efficiency and lower pollutant emissions due to the flexibility
provided by the integration of the ICE with the electric powertrain, | - -
while still maintaining comparable range capabilities and costs. | = ={| ™.
Thus, the aim of my research activity is to analyze and optimizea | .| .
generic electric hybrid powertrain system, using both experimental
and numerical methodologies.

During the first year, | have focused on the first step of my activity:
benchmarking of the most innovative electric hybrid solutions | = °
already on the market. This includes literature analysis, selection | = =
and procurement of the vehicles; electrical and thermal full | .| .
instrumentation; testing both on roller-dyno and on track; analysis
and post processing of the output data. Thanks to FEV test R e
facilities, | had the opportunity to test different types of vehicle,

et Rate Change

such as: Renault Scenic Hybrid Assist (Mild HEV — 48V), Toyota Fig. 1 - Energy Analysis during
Yaris Hybrid (Full HEV), BMW i3 and Volvo XC11 prototype (Plug- | Regenerative Braking for Volvo XC11
in HEV), VW e-Golf and Renault Zoe (Battery Electric Vehicle). PHEV (speed, power, battery
This has given me the chance of building up an internal database SOC.etc...).

for further model-based investigation approach. Moreover, dealing
with newly developed alternative vehicles is not very common in
the automotive field, thus the entire activity has been useful to boost my technical knowledge along with an
improved hands-on experience. Nowadays, this is mandatory to lead and coordinate a group of
engineers/technicians that approaches a HEV/PHEV/BEV both on the testing and simulation side.
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First name: Domenico LAST NAME: DIRUTIGLIANO
Topic: Performance modeling of low energy buildings

Course year: 3¢ Tutor(s): V. CORRADO

Academic context

[1]1 G. Murano, I. Ballarini, D. Dirutigliano, E. Primo, V. Corrado, The significant imbalance of nZEB energy
need for heating and cooling in ltalian climatic zone s, 725 Conference of the Italian Thermal Machines
Engineering Association, ATl 2017, 61-8!" September 2016, Lecce, Italy, Energy Procedia, vol. 126, 2017, pp.
258-265.

[2] D. Dirutigliano, I. Ballarini, G. Murano, V. Corrado, Reference building approach combined with dynamic
simulation in designing nZEBs, 15" International Conference of IBPSA (International Building Perfomance
Simulation Association), BS (Building Simulation) 2017, 7"-9™" August 2017, San Francisco, California, USA,
in press in Conference Proceedings.

[3] D. Dirutigliano, M.A. Bruntjen, C. Fliegner, J. Frisch, V. Corrado, C. van Treeck, Case study for energy
efficiency measures of buildings on an urban scale , 3 BSA (Building Simulation Applications) Conference ,
8"-10™ February 2017, Bolzano, Italy, in press in Conference Proceedings.

External collaborations
o RWTH Aachen University - Institute of Energy Efficiency and Sustainable Building, Germany.

Highlights of the research activity

The main topic of the research is the role of the energy performance modelling in designing low energy
buildings. This theme concerns both single buildings and building stocks. The energy performance modelling
is used in several areas: energy performance rating and ranking of buildings, cost-optimal analysis, definition
of minimum building requirements, and exploring of new technologies.

My research considered numerical models both for building and building stock, but the first one was mainly
investigated. The physical building was modelled as a whole, including the fabric and the technical building
systems. My research was focused on improving of the white model on the building scale. In a first phase
different calculation methods were considered. | observed that the reliability and the representativeness of
climatic data influenced the

bu||d|ng energy Office Buildig (Milan) B Single Family house (Palermp)
External thermal insulation position External therma] insulation position

performance. For this
reason, an improved
Typical Meteorological Year
construction procedure was
proposed. | also wondered
about the possible
difference of the results of
cost optimal analysis with
quasi steady-state and
dynamic simplified
calculation methods. In
order to study this . )
difference the cost optimal  ABPuaa [kWhm?] - ABPua [kWhem™] ,

was adopted to a single- Fig. 1 - Imbalance of EPwicnd for office building and single-family house.

family house. In addition,

my research investigated how the energy performance modelling influenced the definition of minimum building
requirements (about the fabric or the HVAC system) and as a fixed requirement could have an imbalance
effect between different service (shown in figure). Concerning the urban scale, my work defined which kind of
model and data could be used to select the energy efficiency measures of buildings. A multi criteria analysis
were performed to observe the role of the energy performance in this kind of approach.

b)
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First name: Stefano LAST NAME: FANTUCCI
Topic: Advanced materials for the energy retrofit of opaque building envelopes

Course year: 3¢ Tutor(s): V. SERRA, M. PERINO

Academic context

[1] S. Fantucci, A. Capozzoli, A. Lorenzati, M. Perino, D. Quenard, A methodological framework for the
analysis of the service life of VIPs based envelope components in buildings. 1VIS2017, CSTB, FRANCE

[2] H. Elarga, S. Fantucci, V. Serra, R. Zecchin, E. Benini: Experimental and numerical analyses on thermal
performance of different typologies of PCMs integrated in the roof space. Energy and Buildings 150 (2017).
[3] S. Fantucci, F. Isaia, V. Serra, M. Dutto: Insulating coat to prevent mold growth in thermal bridges. Energy
procedia 134 (2017)

External collaborations

e NTNU - Norwegian University of Science and Technology NTNU, Trondheim - Norway
e CSTB - Centre Scientifique et Technique du Batiment, France
o University of Padua, Department of Industrial Engineering, Padova, Italy

Highlights of the research activity

The energy retrofit of existing buildings represents a key action for EU countries to address the reduction of
emission target according to the 2015 Paris agreement.

Among the retrofit intervention, the renovation of building envelope seems to be one of the most effective
practice since most of the buildings in EU were built before 1991 (where poor/no energy savings criteria were
adopted). Nevertheless, this practice presents several issues, since space saving, technological and historical
compatibility represents the critical aspects which limit the large diffusion of envelope retrofit intervention.

In the last few years, advanced materials (Super Insulating Materials SIMs [1], Phase Change Materials PCMs
[2], Advanced Plastering Materials APMs [3], and Low Emittance Materials LEMs [4]) start to be attractive
since they seem to be particularly suitable for all the cases in

which conventional retrofit techniques cannot be addressed. Fig. 1 -The analyzed advanced
In the framework of the PhD thesis, experimental and numerical materials. 1) SIM, 2) PCM, 3) APM, 4)
analyses were carried out to overcome the barriers that limit the LEM

use of advanced materials in buildings through different actions.
Each action is intended for a different target audience /
(organisations for standardisation, building designers and
building envelope consultants, industries, and building owners).
As main outcomes of the research activities:

e Specific experimental procedures for the performance
characterisation of advanced materials were developed;

¢ New methodologies for the prediction of the actual
thermal performance when advanced materials are
applied to buildings were defined;

o the advantages achievable by adopting advanced
materials in term of energy saving as well as the
improvement of the Indoor Environmental Quality were
demonstrated;

e Guidelines for the proper design and installation aimed at
achieving the best performance of advanced materials
when they are applied to buildings were proposed.

EU H2020 COST ACTION
Adaptive Fagade Network
"-\__co STTU1403

A

EU H2020 project (MaltACE
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First name: Maria LAST NAME: FERRARA
Topic: Simulation-based optimization of high-performing building in future energy scenarios

Course year: 3™ Tutor(s): E. FABRIZIO, M. FILIPPI, M. PERINO

Academic context

[1]1 M.Bayraktar, E.Fabrizio, M.Perino, The “extended building energy hub”: A new method for the simultaneous
optimization of energy demand and energy supply in buildings, HYAC&R Research 18(2012), 67-87

[2] S. Attia, M. Hamdy, W. O’Brien, S. Carlucci. Assessing gaps and needs for integrating building performance
optimization tools in net zero energy buildings design, Energy and Buildings 60 (2013) 110-124.

[3] M. Ferrara, E. Fabrizio, J. Virgone, M. Filippi, A simulation-based optimization method for cost-optimal
analysis of nearly Zero Energy Buildings, Energy and Buildings 84 (2014) 442-457

External collaborations

e Princeton University, CHAOS Laboratory, Princeton, NJ, USA

e |EA ECES Annex 31 — Energy storage with energy efficient buildings and districts: optimization and
automation and IEA Annex 64 — Low Exergy communities

e CETHIL — Centre d’Energétique et de Thermique de Lyon, Lyon, France

Highlights of the research activity

The advancements in the 3™ year of PhD can be summarized in the following topics:

e A framework to study the resilience of the optimal design of
building envelope
The analysis of the influence of energy system on the optimization
of envelope design was completed. A methodology for carrying out | =
such optimization at the early design stage has been set up, with
special focus on the trade-off between heating an cooling needs
and the differences between energy and cost optimization. A
theory framework to study the resilience of optimal envelope
design to the variation of the energy system technology scenario | *

a0

Qh (kwh/m?)

=%

was defined and demonstrated through applications. N
e Decision parameters for the whole nZEB design problem: | .. .osecon -
classification and constraints

The inclusion of parameters related to technical systems and on-
site renewable energy allowed the nZEB design problem to be |~
investigated in all its parts (Fig. 1). A deeper analysis led to list and
classify the input parameters into the two categories of environment | »
parameters (the boundary conditions for the nZEB optimization
problem) and decision parameters (the design variables that can be
controlled to minimized the objective function). The relationships
between parameters have been formalized through the definition of
appropriate constraints, which were included in the nZEB
optimization problem formulation.

® GCO+EC_cost

GERYEC_energy

® GHP+GAC_Enccost \ N Qe (KWh/m?)

0 s 10 15 20 25 30

Fig. 1 - Optimization clouds: space of
solutions in different technology scenarios for
different objectives and lines representing the

related theoretical loci of optimal points.

o SBOM for the nZEB design problem

The set up simulation-based optimization methodology (SBOM), based on the coupling between dynamic
simulation and meta-heuristic optimization algorithms, has been further developed to include the entire set of
involved passive and active parameters and the constraints. Such framework was tested to nZEB problems at
different scales.

¢ Resilience to the variation of future scenarios

Future climate and financial scenario were applied to the already defined optimization problems for case-
studies at different scales, from building to district.
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First name: Antonio LAST NAME: FROIO

Topic: Multi-scale thermal-hydraulic modeling for the Primary Heat Transfer
System of a tokamak

Course year: 3¢ Tutor(s): L. SAVOLDI

Academic context

[1] F. Casella and A. Leva, “Modelling of thermo-hydraulic power generation processes using Modelica,”
Mathematical and Computer Modelling of Dynamical Systems, vol. 12, no. 1, pp. 19-33, 2006.

[2] L. V. Boccaccini. G. Aiello, J. Aubert, C. Bachmann, T. Barrett, A. Del Nevo, D. Demange, L. Forest, F. A.
Hernandez Gonzalez, P. Norajitra, et al., “Objectives and status of EUROfusion DEMO blanket studies,”
Fusion Engineering and Design, Vols. 109-111 (Part B), pp. 1199-1206, 2016.

[3] G. Caruso, F. Giannetti, “Sizing of the vacuum vessel pressure suppression system of a fusion reactor
based on a water-cooled blanket, for the purpose of the pre-conceptual design,” submitted to Science and
Technology of Nuclear Installation, 2016.

External collaborations

¢ EUROfusion
e ENEA
o KIT

Highlights of the research activity

The development of a system-level thermal-hydraulic model of Overall hot-spot temperature (°C)
the EU DEMO tokamak fusion reactor, pushed by the IB7 OB1
EUROfusion PMU, has been started since the first year of PhD, 186 OB2
leading to the GEneral Tokamak THErmal-hydraulic Model
(GETTHEM), which is a fast-running code based on the IB5
Modelica language [1]. The modelling of the EU DEMO power
generation system started from the Breeding Blanket (BB) [2]
cooling loops, focusing to the Helium-Cooled Pebble Bed IB4
(HCPB) and Water-Cooled Lithium-Lead (WCLL) concepts,
under development at KIT and ENEA, respectively.

During the third year, the model was extended in order to B3
estimate the hot-spot temperature in the structural material,
which is a strict constraint in the design as overheating would
cause a steep reduction of the creep strength. Since the model
is system-level, it cannot compute directly hot-spot temperature, IB1 OB7
and thus its estimation is done during the post-processing DIV

phase, applying a peaking factor derived from detailed CFD | Series- - -Parallel  Limit|

OB3

OB4

0OB5

B2 OB6

analyses performed by the BB design teams. With this update,
the model was used to analyze the hot-spot temperature in both
HCPB and WCLL; thanks to its speed, it was also used to check
the effect of a possible cooling alternative for the HCPB (see

Fig. 1 - Hot-spot temperature in the
structural material of a HCPB segment, with
two different cooling options (“Series” and
“Parallel”).

figure 1), and to analyze parametrically the largest WCLL
surface which could be loaded with the peak heat flux (one order of magnitude larger than the design value),
without degrading its cooling capabilities.

In parallel, GETTHEM has been used to parametrically simulate different scenarios for an in-vessel Loss-Of-
Coolant Accident (in-VV LOCA), caused by the release of coolant inside the Vacuum Vessel (VV). In particular,
the aim of the work was to identify the largest break size which is allowable with the current design of the VV
Pressure Suppression System (VVPSS) [3]; the analysis highlighted how, if breaks above 1 m? cannot be
avoided, the VVPSS design should be amended.
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First name: Vincenzo Maria LAST NAME: GENTILE
Topic: Enhancing solar DEC technologies

Course year: 1 Tutor(s): M. SIMONETTI, G.V. FRACASTORO

Academic context

[1] M.Simonetti, V.Gentile, G.V.Fracastoro, A.Freni, L.Calabrese, G.Chiesa, 2016. Experimental testing of the
buoyant functioning of a coil with SAPO34 zeolite, designed for solar DEC (Desiccant Evaporative Cooling)
systems of building with natural ventilation. Applied Thermal Engineering 103, 781-789.

[2] P.Finocchiaro, M.Beccali, V.Gentile, 2016. Experimental results on adsorption beds for air dehumidification.
International Journal of Refrigeration 103, 781-789.

[3] A. Saeed, A.Al-Alili, 2017. A review on desiccant coated heat exchangers. Science and Tecnology for the
Built Environment 23, 136-150.

External collaborations

e CNR-ICCOM (A.Freni)
e Breathing Buildings Ltd, Cambridge, UK
e Politecnico di Milano — Dipartimento Energia (M. Motta)

Highlights of the research activity

The research activity focus on solar Desiccant
Evaporative Cooling systems, which provide the

\
:

air conditioning service to buildings by using solar g - 8 g » 2

. e o= =
thermal energy to regenerate adsorption S & 2 8 =
materials, such as silica gel or zeolite. | focused § g £ g

[
\

the research on the development of a heat
exchanger that realizes the air dehumidification

. . . . coanng (¥ N GRANULAR
using a suitable adsorption material. In H-NAC conricuRation } \\\\\\ CONFIGURATION
\\
_ N

laboratories exchangers that simultaneously ) AN
provide heat and mass transfer have been
designed, simulated and tested heat. Two
configurations have been studied: in the first one Ry
a Zeolite coating less than 1 mm thick covers the
aluminium part of the finned coil heat exchanger; -9
in the second one Silica gel spheres fill the space *
between the fins of the coil heat exchanger.
These devices are the seat of two alternate | Fig. 1 -. Scheme and configuration of heat and mass exchange
phases, namely adsorption and regeneration. for dehumidification applications.

[ atsisiuiatatnisiaiay

During adsorption the water vapour contained in
the air is captured in the pores of the material. Thermal energy generated by electrical resistors, in a
temperature range of 50-90°C similar to flat plate solar collectors, is used to remove the water vapor from the
pores of the desiccant. These devices have been theoretically and experimentally studied for two different
applications. First, they have been used to dehumidify air, for air conditioning or drying purposes. The
experimental tests highlighted the possibility to use that device in Solar Cooling applications with a COPel
higher than 20, as the ratio between electrical energy to move fluids (water and air) and the cooling energy.
Further on, the simulation of the transient behavior of this component, with a 2D-CFD model developed with
Star-CCM+ software, showed that cooling the desiccant material during adsorption increases dehumidification
performance. The second application is the capture of water vapor from the atmosphere and successive
condensation in the liquid form for potable/sanitary use. Experimental tests showed that the thermal energy
required to produce liquid water from air is 1,98 kWhth per liter of produced water. Theoretical evaluations
showed that this value can be reduced down to 0,7 kWhth per liter.
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First name: Luigi LAST NAME: GIOVANNINI

Topic: Transparent adaptive facades: a novel approach to optimize
global energy performance and comfort for the occupants.

Course year: 2  Tutor(s): V. SERRA, A. PELLEGRINO, V. LO VERSO

Academic context

[1] Favoino F, Fiorito F, Cannavale A, Ranzi G, Overend M. Optimal control and performance of
photovoltachromic switchable glazing for building integration in temperate climates, Applied Energy 2016,
178:943-961.

[2] Warwick MEA, Ridley |, Binions R. The Effect of Transition Hysteresis Width in Thermochromic Glazing
Systems, Solar Energy Materials and Solar Cells 2015, 140:253-265.

[3] Giovannini L, Goia F, Lo Verso VRM, Serra V. Phase Change Materials in Glazing: Implications on Light
Distribution and Visual Comfort. Preliminary Results. Energy Procedia 2017, 111:357-366.

External collaborations

e University of Cambridge, Cambridge, United Kingdom
o Eckersley O’Callaghan - Engineers, London, United Kingdom
e Centro Investigaciones Energeticas Medioambientales y Tecnologicas (CIEMAT), Madrid, Spain

Highlights of the research activity

The focus of the research activity is that of
elaborating a novel methodology able to
evaluate at a time the effects of transparent
adaptive fagade components on visual and
thermal comfort provided to the user and on
the overall energy performance of the
building. It has the objective to bridge the _
existing methodological gap between the A
component  characterisation and its
application to spaces with occupants.

By means of an innovative Step-by-step
computation logic the aforementioned View from
methodology is able to overcome some PRI

limitations present in the currently available E
building performance simulation tools. It is
in fact eventually possible to consider in the
simulative process pre-heating or cooling
phenomena (building thermal history) due to
the component adaptive behaviour, as well as complex physic phenomena like the hysteretic behaviour typical
of some adaptive technologies. To reduce the computational time, a novel methodology to evaluate the glare
condition throughout a space by assessing the vertical illuminance in only one point in the room was also
devised and validated. The proposed integrated methodology was firstly used to evaluate the effect of different
hysteresis widths of a passive transparent adaptive technology, a thermochromic glazing (TCG), on annual
visual comfort and energy performance of an enclosed office. To feed the numerical model with detailed
spectral data, an experimental characterisation of the TCG was carried out in ENEA - Casaccia Research
Centre. The novel integrated methodology was also used to devise a control strategy for active transparent
adaptive components able to maximise the visual comfort provided to the user whilst reducing the overall
energy demand of the building. Future work includes the implementation of thermal comfort assessment in the
methodology proposed and a broader parametric analysis on different locations, orientations and geometries
to improve and comprehensively test the validity of the control strategy conceived.

Fig. 1 - llluminance and luminance images of the view from each
glare evaluation point.
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First name: Daniele LAST NAME: GROSSO
Topic: Multi scale energy infrastructures modelling and interregional trade analysis

Course year: 3¢ Tutor(s): A. CARPIGNANO, M. BADAMI

Academic context

[1] Bompard E., Carpignano A., Erriquez M., Grosso D., Pession M., Profumo F. (2017): “National energy
security assessment in a geopolitical perspective”, Energy, vol. 130, pp. 144-154

[2] Liu Z. (2015): “Global Energy Interconnection”, Academic Press

[3] Rimkevicius, S., Kaliatka, A., Valincius, M., Dundulis, G., Janulionis, R., Grybenas, A., Zutautaite, I. (2012):
“Development of approach for reliability assessment of pipeline network systems”, Applied Energy, Vol. 94,
pp.22-33

External collaborations

o National institutional bodies
e State Grid Corporation of China
e FCA

Highlights of the research activity

The research activity carried out during

the third year of the PhD course mainly GEl

focuses on the analysis of possible future 2014 Statistical Valug, 2': EIA - Reference

scenarios related to the implementation WEC — Hard Rock n R EIA — High Economic...

of the so-called “energy transition”, i.e. % s . w

the structural modification of energy WEC - Unfinished. A g EIA — Low Economic.. *l
systems requested in order to face the T mQykx e i
environmental issues (including climate | \yec_ modernazz - ue % + EIA — High Ol Price Frc
change phenomena) related to the use of e 3 04 . XE
fossil fue_ls. Thls transition requests_ a MiTX X j S xR
decarbonisation of the systems, which \

can be obtained by enhancing the IEA - 450 ¢ BxxonMobil

energy efficiency and by promoting a IEA - New Policy IEA — Current Policy

strong electrification of the final uses

coupled with a power generation from Fig. 1 - Comparison among a global interconnection scenario and
renewable sources. In order to reach this | Several literature scenarios in terms of different metrics that characterize
goal, besides the needs for technological energy systems

advancements in the main end-use sectors (residential, commerce and services, industry, transport and
agriculture), two alternative options can be identified. The first is represented by distributed generation from
locally available resources and small plants (micro-grids), while the second consists in centralised generation
in few world macro-areas (like the Artic region for wind and the deserts from solar) and inter-continental
transmission through ultra-high voltage interconnections (super-grids), able to cover distances ranging
between 2000 and 5000 km. A particular attention has been devoted to the analyses of these global
interconnections, on their possible benefits and issues and on their effects on the future characteristics of the
energy systems, comparing the long-term trajectories that can be associated to this scenario with the ones
forecasted by other scenarios proposed by international bodies and institutions. Furthermore, the effects of
these possible future trends on the energy security have been investigated, with respect to the different
dimensions of security itself (technological, geopolitical, environmental and economic). These analyses are
coherent with the main topic of the PhD project, which focuses on the different security aspects related to the
infrastructures for delivering and distributing energy, at several spatial scales (from large pipelines or maritime
routes to local district heating networks), and with the other activities carried out during the previous years.
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First name: Francesco LAST NAME: ISAIA

Topic: Exploiting the potential of adaptive building components by means of
innovative control strategies

Course year: 1 Tutor(s): M. PERINO, V. SERRA

Academic context

[1] Shaikh P.H., Bin Mohd Nor N., Nallagownden P., Elamvazuthi I, Ibrahim T., A review on optimized control
systems for building energy and comfort management of smart sustainable buildings, Renewable and
Sustainable Energy Reviews; Volume 34; 2014; pp. 409-429; ISSN 1364-0321

[2] Aste N., Manfren M., Marenzi G., Building automation and control systems and performance optimization:
a framework for analysis, Renewable and Sustainable Energy Reviews; Volume 75, 2017, pp.313-330; ISSN
1364-0321

[3] Favoino F., Goia F., Perino M., Serra V., Experimental analysis of the energy performance of an ACTive,
RESponsive and Solar (ACTRESS) facade module, Solar Energy, Volume 133, 2016, pp.226-248, ISSN 0038-
092X

External collaborations
e ENEA

Highlights of the research activity

Building facade systems has seen significant improvements
over the last years, with the result of enabling modern
buildings to adapt and respond to changing boundary
conditions, in order to meet the users’ comfort needs while
reducing the building energy demand. This helps buildings
improving their energy flexibility, which is gaining increasing
importance (IEA-ECBS Annex 67) due to its potential
advantages, mainly regarding the grid and the use
renewable energy resources. Indeed, the flexibility of a
building allows to better match the energy generation with
the demand by controlling the energy consumption, also
providing benefits for the energy grid.

In this context, the research activity carried out during the
last year was aimed at building a complete picture about the
state of the art on Demand Side Management, innovative
technologies for responsive building fagades and, above all,
control strategies for building applications, with a special
focus on Model Predictive Control (MPC). The particular

Fig. 1 - Solar air heating facade system and relative
functioning scheme.

focus given to control strategies was driven by different aspects, which can be summarized in:

» Lack of literature in control strategies applied to building components;

» Crucial importance of using control strategies to enhance the performance of innovative responsive building
components, with positive effects on market penetration;

« Great potential to apply control strategies at different scales (component, building, grid, etc.) and for
different purposes (control of components, systems, interaction between them, etc.).

Moreover, an experimental campaign on a solar air heating fagade system was carried out, and a white box

model was built in the framework of a master degree thesis. These activities enabled the characterization of a

responsive fagade system, a first attempt of control strategies application to a building fagade system and the

gathering of a set of monitored data. The collection of these data will be used for the construction and

calibration of a grey-box model, necessary for the application of innovative model-based control strategies.
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First name: Danilo LAST NAME: LAURENZANO

Topic: Control-oriented models for high efficiency flex fuel SI engines for the 2020+
targets

Course year: 3¢ Tutor(s): Prof. D. A. MISUL, Prof. E. SPESSA

Academic context

[1] Baratta, M., Kheshtinejad, H., Laurenzano, D., Misul, D., & Brunetti, S. (2015). Modelling aspects of a CNG
injection system to predict its behavior under steady state conditions and throughout driving cycle simulations.
Journal of Natural Gas Science and Engineering, 24, 52-63. , ISSN 1875-5100

[2] Baratta M., Catania A. E., D’Ambrosio S., Spessa E., “Prediction of Combustion Parameters, Performance,
and Emissions in Compressed Natural Gas and Gasoline S| Engines” Journal of Engineering for Gas Turbines
and Power, NOVEMBER 2008, Vol. 130 / 062805-1

[3] Aleiferis, P. G., Taylor, A. M., Whitelaw, J. H., Ishii, K., & Urata, Y. (2000). Cyclic variations of initial flame
kernel growth in a Honda VTEC-E lean-burn spark-ignition engine (No. 2000-01-1207). SAE Technical Paper.

External collaborations

e CRF
e AVL

Highlights of the research activity

During the third year of the PhD, my research was focused on the refinement of the predictive fractal
combustion model and the introduction of Cycle-to-Cycle Variation (CCV) in GT-SUITE environment. The
predictive model was first tested on two different engines: the first one is derived from the production 1.4 T-Jet
and is a natural gas turbocharged engine with port fuel injection, featuring a compression ratio of 9.8. The
second one is a prototype engine, designed starting from the same concept but featuring several innovative
and challenging features such as high compression ratio (12.6),
direct injection and the MultiAir variable valve actuation. An cyn
experimental analysis has also been carried out on a heavy duty
engine fueled with CNG (Compressed Natural Gas) in order to
analyze the effect of different injection systems on the quality of
the mixture formation and, in turn, on the CCV. The cyclic
variation in Sl ICEs has different causes [1,3] and mainly
ascribed to: homogeneity of air-fuel mixture especially near the
spark plug, variations of the amount of air, fuel and residual gas
and finally variation in the in-cylinder gas motion. The effects of
the mixture formation on the CCV and on the combustion

o -

B

Simulated maximum pressure std [bar]
n ")

=
o
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efficiency and speed were analyzed in [1].

Knock is the main issue for an high efficiency S| engine. CNG
engines are already present in the automotive scenario but they
are still bi-fuel ones; a mono-fuel engine fueled with CNG or

Experimental maximum pressure std [bar]

Fig. 1 - CCV estimation, comparison
between experimental PFP standard
deviation and simulated one

methane will be proposed in the market in order to reduce CO2
emissions, thanks to highest molecule hydrogen/carbon ratio.
The high knock resistance of natural gas can lead to CNG Sl
engine with an higher compression ratio improving the efficiency. It is worth recalling that this is something
new for the automotive sector and, due to the mechanical dangerousness of experimental tests even in the
‘borderline’ knock conditions, a control-oriented model is preferable. The development of a pressure-based
knock detection model has been carried out during the Ph.D. year, within the EC-founded Gason program.
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First name: Arpit LAST NAME: MAHESHWARI
Topic: Lithium ion batteries — experimentation and modelling

Course year: 3¢  Tutor(s): M. SANTARELLI (PoliTo), P. GIBESCU (TU/e)

Academic context

[11 A. Maheshwari et al., “Inverse parameter determination in the development of an optimized lithium iron
phosphate - Graphite battery discharge model”, in J. Power Sources 307 (2016) 160-172.

[2] A. Maheshwari et al.,“Inverse parameter determination in the development of an optimized lithium iron
phosphate — Graphite battery discharge model”, Electrochimica Acta 243 (2017) 129-141.

[3] J. Schmitt et al. “Impedance change and capacity fade of lithium nickel manganese cobalt oxide-based
batteries during calendar aging”, J. Power Sources 353 (2017) 183-194.

External collaborations

e Fraunhofer ISE, Freiburg, Germany
e Lithops S.r.l. Turin, Italy
e Eindhoven University of Technology, Eindhoven, the Netherlands

Highlights of the research activity

After the development of physics based lithium ion battery model at Politecnico di Torino and spending 6
months at Fraunhofer ISE collecting data on battery aging, analysis on aging data has been carried out and
new insights into battery aging behaviour have been obtained.
At Fraunhofer ISE, calendar aging and cycling aging tests on B 20°c c1p1|
NMC graphite lithium ion cells were conducted for a period of | 0°C C1D2
over two years. Behaviour of the cells as a function of the studied | 4, éjgg v
parameters result from statistical data analysis of the non- ' '
destructive characterizations including capacity determination,
pulse tests and electrochemical impedance spectroscopy (EIS).
Calendar aging: The capacity of the studied cells is found to
decrease in a linear way with storage time. The rate of capacity
fade is higher at higher temperatures during storage. The
internal resistance of cells, based on current pulse 200
measurements, is found to increase with storage time. EIS
analysis revealed that polarization resistance dominates this *Transa
increase. It was observed that the results of the calendar aging | Fig- 1-Cycle|
study are significantly influenced by the characterizations and
the resetting of state-of-charge. This has so far mostly been
neglected in the literature where similar storage periods between electrochemical characterizations and similar
procedures of electrochemical characterization are seen.
Cyclic aging: It is found that the operating temperature has the strongest impact on the life time of cells. While
at high temperatures (45 °C), the life time is independent of the depth-of-discharge and operating currents, at
low (0 °C) and medium (20 °C) temperatures the electrochemical behaviour of the cell depends strongly on
the operating parameters. The capacity fade of all tested cells tends to decrease linearly initially followed by a
rapid capacity fade stage. A distillation of cycling data in terms of degradation parameters reveals a distinct
effect of the staging behaviour in graphite on capacity fade superimposed upon the capacity fade caused due
to high voltages.

The quantification available from the aging studies is currently being employed to developed a battery dispatch
model for energy markets. This work is being carried out in cooperation with Eindhoven University of
Technology. The research path here is to investigate and devise optimal battery operation strategies
considering both the adverse impacts on its lifetime and the financial potential in multiple energy markets. The
motivation behind this work is a need to identify new revenue streams and investigate concrete business cases
for storage owners and operators, given the volatility of prices in electricity markets.

Cycle Lifetime (EFC)

_nsn.nnnan n7s _nnnm nonan n.mn
ifetime under different operating

conditions.
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First name:Alessandro LAST NAME: MANCARELLA
Topic: PCCI combustion and combustion control techniques implementation on a 3.0 | diesel engine.

Course year: 15t Tutor(s): S. D’AMBROSIO

Academic context

[1]1 Mark P.B. Musculus, Paul C. Miles, Lyle M. Pickett, Conceptual models for partially premixed low-
temperature diesel combustion, In Progress in Energy and Combustion Science, Volume 39, Issues 2-3, 2013,
Pages 246-283, ISSN 0360-1285.

[2] d’Ambrosio S., lemmolo D., Mancarella A., Vitolo R., “Preliminary optimization of the PCCI combustion
mode in a diesel engine through a design of experiments”, 71st Conference of the Italian Thermal Machines
Engineering Association, ATI2016, 14-16 September 2016, Turin, Italy.

[3] Spessa, E., D'Ambrosio, S., lemmolo, D., Mancarella, A. et al., "Steady-State and Transient Operations of
a Euro VI 3.0L HD Diesel Engine with Innovative Model-Based and Pressure-Based Combustion Control
Techniques," SAE Int. J. Engines 10(3):1080-1092, 2017.

External collaborations
e FPT Motorenforschung AG, Arbon (SWI)

Highlights of the research activity

Premixed charge compression ignition (PCCI) is a non-conventional combustion mode aimed at
simultaneously lowering nitrogen oxides (NOx) and particulate matter (PM) emissions. The benefits of such a
combustion strategy mainly depend on the decrease of the in-cylinder oxygen concentration and increase of
inert chemical species in the inducted charge given by EGR, in addition to more time available for the fuel to
mix with the available oxygen due to the advanced injection timings, if “early” PCCI is concerned. All these
effects lead to reduced combustion flame temperatures,

mainly responsible of the NOx formation mechanism, and to 2
less presence of locally rich pockets within the combustion 18 e \
chamber, main contributors to soot generation. The main 16 e ! NOX
drawbacks related to PCCI combustion mode are due to an 14 S R S of  reduction
increase of unburned hydrocarbons (HC) and carbon | 712 Do . ! . 20%
monoxide (CO), as well as of combustion noise (CN) and | S04+ i, R A
brake specific fuel consumption (bsfc). Eo v ‘§i§ ‘§i§ !gg:g | @0
The potentialities of PCCI, applied to the low speed/low load R oo @970 @48 Q%7 °| @ 1009,
region on a 3.0 | Euro VI production diesel engine, designed o :‘89"3941_5 @07 @523 @5 |

for conventional combustion mode, have been evaluated in o TR * * . ‘

the first part of the activity. Results showed that PCCI 500 1000 1500 2000 2500 3000 3500 4000
operations were possible only in a little area of the engine , sneed [roml ,
map. To overcome this limitation, proper designed hardware | 9 ! -Percentage NOxemissions reduction of
modifications have been implemented on the original | PCClengine with respect to Euro Vi calibration
version of the engine, including reduced compression ratio, on the original engine.

modified piston bowls, different fuel injectors with reduced
cone angles and a higher volume EGR cooler. Compared to the standard version, the prototype engine allowed
to reach suitable calibration in PCCI conditions in a wider area of the engine map.

A pressure-based and a model-based combustion control techniques, able to control in real-time the MFB50
by properly managing the start of injection (SOI), have been developed and experimentally tested. These
controls have been tested on the standard engine, both in steady-state and transient conditions, under
conventional combustion mode, to prove their robustness. Moreover, steady-state tests were performed in
PCCI combustion mode, highlighting benefits in terms of reduced cylinder-to-cylinder and cycle-to-cycle
variations of the combustion cycle. In the near future, these combustion control techniques will be implemented
on the prototype engine.
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First name: Maria Pia LAST NAME: MONTEROSSI
Topic: Energy saving through an innovative aircraft turbine thermal control

Course year:3™  Tutor(s): E. CAMPAGNOLI, P.MAGGIORE

Academic context

[1] G.J.J. Ruijgrok, D.M. Van Paassen, 2007, “Elements of aircraft pollution”, Delft Academic Press

[2] S. Brack, Y. Muller: “Probabilistic Analysis of the secondary air system of a low-pressure turbine”, Proc. of
ASME Turbo Expo 2014, GT2014, 16-20 June 2014, Dusseldorf.

[3] S.B.Lattime, B.M. Steinetz, “Turbine engine clearance control systems: current practices and future
directions”, NASA / TM 2002-211794

External collaborations
e GE AvioAero

Highlights of the research activity

The purpose of the PhD activity, here reported, is to point
out innovative solutions able to minimize the air, bled to a)

the compressor, used to actively cool down the Low ~ ¢ ) ; _

Pressure Turbine (LPT) cavities, placed below the ’ 7N A
Casing surface (i.e. the airtight cylinder containing the S/
turbine elements). This cooling air, used to control the
thermal expansions and contractions of the turbine b)
components, represents a power loss for the engine and ‘ 7
consequently reduces its efficiency. During the first two
PhD years, numerical analyses have been performed in
order to identify insulating solutions allowing to reduce
the needin coolipg_ air and tg forecgst their effec_:tiveness. Fig. 1 - Insulating configurations: a) 5 blankets b) 2
The most promising solution pointed out (Figure 1a) blankets (12 mm).

requires the application, in the proper turbine cavities, of
5 thermal blankets made of an outer metallic layer containing a conventional insulating material. These
blankets have been designed, produced and experimentally tested in a rig facility whose Test Article (TA)
reproduces one stage of a LPT. The insulation benefits have been evaluated by comparing the temperature
distributions, obtained using the blankets and reducing the cooling flow rate, with the reference temperatures
recorded during previous tests, performed under conventional conditions, i.e. without blankets and with the full
amount of cooling air. For the all operating range, the obtained results have shown that using the blankets an
average 50% reduction in cooling air can be performed without exceeding the reference temperatures. On the
basis of these promising results this last year has been devoted to an improvement of the proposed solution.

Further analyses have been performed to optimize the blankets thermal insulation, also by considering the
goodness of the proposed solution is a tradeoff between the additional weight, due to the blankets, and the
reduction in compression power obtainable by dropping the cooling flow. An in depth numerical study about
the mass flow split in the turbine cavities, occurring due to the presence of the blankets, has shown the better
insulating performance can be obtained when the blankets, placed in the upper cavities, perfectly adheres to
the casing surface. In this configuration the insulation behaves as a sealing by inhibiting any flow between the
insulating material and the Casing surface. For this reason new blankets, made of a new insulating material
enveloped by a paint/sticker layer, have been studied. The numerical results show how the new solution allows
reducing the blankets number and thickness (Figure 1b), maintaining the same performance obtained with the
previous solution, but with lower weight and costs.
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First name: Matteo LAST NAME: MORCIANO

Topic: Nanotechnology-enabled solar energy for water desalination and purification

Course year: 2% Tutor(s): P. ASINARI, E. CHIAVAZZO

Academic context

[1] Moradi, A., et al. “Carbon-nanohorn based nanofluids for a direct absorption solar collector for civil
application.” Journal of nanoscience and nanotechnology 15.5 (2015): 3488-3495.

[2] Straub, A. et al. “Harvesting low-grade heat energy using thermo-osmotic vapour transport through
nanoporous membranes.” Nature Energy 1, 16090 (2016).

[3] Dongare, P. et al. “Nanophotonics-enabled solar membrane distillation for off-grid water purification.”
Proceedings of the National Academy of Sciences 114, 6936-6941 (2017).

External collaborations

o National Institute of Optics — Italy

Highlights of the research activity

Firstly, my work has focused on increasing the solar light harvesting and, consequently, on exploiting the
collected solar heat to power a multi-effect distiller for producing fresh water. In detail, the performances of a
black biocompatible nanofluid (see Figure A, on the left) and conventional surface receiver (e.g. TINOX®, a
highly-selective optical absorber for minimizing the emission) have been compared. Both the receivers have
been designed and built by 3D printing for ensuring repeatability of measurements and systematic comparison.
A reference lamp has been used to mimic the sun. The preliminary results (obtained under non-concentrated
solar power, namely < 1 kWm™2) seem to confirm a 9% increase of the performance when using a black
nanofluid (see Figure A, on the right). The receiver will be tested
soon under field conditions. Related to this topic, | attended the A i —
1st European Symposium on Nanofluids (October 8-10 2017, AR
Lisbon) organized by the European Cooperation in Science and
Technology (COST) Action-NANOUPTAKE. Afterwards, we
have fully characterized a passive, modular and low-cost lab-
scale prototype, which represents an innovative water
desalination/purification device driven by non-concentrated solar | g
energy (see Figure B). In detail, this assembly is based on the
concept of membrane distillation (MD), but it is directly coupled
with the solar radiation. Thus, the process is efficiently operated
at a maximum temperature of <65°C. This solution enables the
recovering of latent heat of condensation of distillate (produced
in the first stage). The latter is used to power a second stage
leading to a multiple evaporation/condensation processes. As
consequence, the energy performance of the distiller are
significantly enhanced. Both numerical and experimental | Fig 1. Nanofluid receiver (on the |ﬂ) and
evidences of the unprecedented high productivities (i.e., 3 Efficiency (on the right); B) Passive

L m~2h~1 corresponding to 2-4 times respect to state-of-the-art distiller.

passive solar stills) have been achieved. The experimental tests
have been performed under realistic laboratory and outdoor
conditions. A self-sufficient floating installation of the modular distiller (see Figure B, on the bottom right) has
been also tested achieving consistency with the prediction of the theoretical model. It is worth pointing out the
exploitability of the conceived prototype in the areas characterized by an optimal combination of drinkable
water need and solar potential. Related to this topic, | attended the 3™ International Conference on Desalination
using Membrane Technology (April 2-5 2017, Gran Canaria).
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First name: Giovanni LAST NAME: MURANO
Topic: Energy retrofit of existing buildings and cost optimality

Course year: 2™ Tutor(s): V. CORRADO

Academic context

[11V. Corrado, |. Ballarini, S. Paduos, The Application of the EU Comparative Methodology to Italian Reference
Buildings for the Cost-Optimal Analysis. In: CLIMA 2013 - 11th REHVA World Congress and 8th International
Conference on Indoor Air Quality, Ventilation and Energy Conservation in Buildings, Praga, 16-19 June 2013.
[2] G. Maria Mauro, M. Hamdy, G. Peter Vanoli, N. Bianco, J. L.M. Hensen, A new methodology for
investigating the cost-optimality of energy retrofitting a building category, Energy and Buildings 107 (2015)
456-478.

[3] L. Aelenei, S. Paduos, H. Petran , J. Tarrés, A. Ferreira, V. Corrado, S. Camelo, E. Polychroni, K.
Sfakianaki, H. Gongalves, J. Salom, G. Riva, G. Murano, Implementing cost-optimal methodology in existing
public buildings, Proc. 6th International Building Physics Conference, IBPC 2015, Energy Procedia, ISSN:
1876-6102.

External collaborations

e ltalian Thermotechnical Committee Energy & Environment (CTI)
ENEA
e University of Udine

Highlights of the research activity

The second year has included activities concerning the analysis of scientific literature, legislation, technical
standards and tools related to the concept of nearly Zero Energy Building (nZEB) and to the calculation of
cost-optimal levels of minimum energy performance requirements in accordance with the Directive 2010/31/EU
on the energy performance of buildings. | have also developed some case studies and analysed the new
models for calculating the energy performance (EP) of building (without technical building systems) provided
by EPB technical standard.

More in particular, the research activity has investigated the following research topics:

e Energy behavior of buildings:The new energy requirements of buildings establish a reduction of
thermal trasmittance of building envelope. This might cause a reduction of the heating need but an
increase of the cooling need. The study has investigated in
which conditions and extent a significant imbalance of the
energy needs occurs. Different building types and italian

Boundary
conditions

Building typology ‘ ‘

climatic zones was been considered. ?

e Reference Building Approach Combined with Dynamic ‘ Calcumin methods ‘
Simulation in Designing nZEBs. The building EP |Ch‘,iracteristicsof ‘ Soundary daa |
requirements in the regulations are usually expressed by the buildings
means of a fixed value or a variable value defined through ————

a formula or the notional reference building approach ‘Refe’emefea‘”’es‘ ‘ Actual features ‘
(NRBA). The aim of the study has been to enhance the Levelideta”/

application of the notional reference building approach in Simplifying

the EP legislation. To this purpose, a detailed dynamic ass”'ipt“’”s

simulation has been performed on an ltalian residential Reference Neutralising
arameters arameters

nZEB located in two different climatic zones. The paper has

highlighted the need of more detailed specifications of the
reference parameters in the notional reference building,
especially when dynamic simulation is performed. Fig. 1 - Flowchart of the proposed

procedure for specifying the NRBA
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First name: Valeria LAST NAME: PAVESE
Topic: Carbon capture application of Hydraulic Gas Compressor (HGC)

Course year: 2™ Tutor(s): D. MILLAR, V. Verda

Academic context

[1] Pavese V., Millar D., Verda V., Hydraulic gas compressor: a low energy intensive and low cost option for
CO2 capture, conference paper. Presented at ECOS 2017, San Diego, California, 5" July 2017

[2] Millar D.L., Trapani K. and Pavese V., WaveHAC: a novel WEC with power take off by means of hydraulic
air compressor, conference paper prepared for OSES 2016, Valletta, Malta, 13-15 July 2016

[3] Pavese, V., Millar, D., Verda, V., 2016. Mechanical Efficiency of Hydraulic Air Compressors. J. Energy
Resour. Technol. 138, 62005.

External collaborations

e Laurentian University — Bharti School of Engineering
¢ MIRARCO Mining Innovation — ERCM unit
e Electrale Innovation Ltd — HAC Team

Highlights of the research activity

On December 13" 2016, the so called “Comprehensive Exam” was successfully passed. The exam started
with a 40 minute presentation regarding the research activities completed and those planned for the remaining
time of the program. Then a session of Q&A from the Advisory Committee, comprising the Principal Supervisor
and three other members including Co-supervisor, ensued. The Committee had to confirm the breadth and
depth of the preparation of the PhD candidate, and to evaluate the efficacy of the PhD schedule presented in
the 80 page research proposal submitted for the exam.

After, a literature review related to exergy analysis on carbon
capture systems was undertaken in order to inform analyses on
two-stage HGCs with CO2 recompression. Results are reported in
a paper prepared for the ECOS 2017 Conference.

Before the start of the commissioning of the 30 meter high Dynamic
Earth HAC, in May 2017, parallel research activities were
developed. These included: i) gas-liquid sampling system design
and prototyping upgrade — to obtain a constant gas stream of 300
ml/min to supply to the Mass Spectrometer, ii) development of a
case study for the application of HGC for CO2 capture, at a 30 MW
natural gas compression station of Union Gas’ Dawn Parkway
transmission system — the analysis was included in the proposal
submitted for the Sustainable Development Technology Canada ! §
(STDC) funding round #31, phase ll, iii) training on HAC pilot plant N
operating procedures, on DE HAC commissioning procedures and Figure 1: Pilot plant (5m) used to

fulfillment of certified safety courses required to work in the DE HAC experimentally evaluate the
Demonstrator plant of Sudbury. potential of HGC for carbon capture

The commissioning of the DE HAC plant was performed, through
May and June, in order to achieve the safe operation of the HAC system during the opening event held on the
21t of June 2017. The following link to the CBC website presents coverage of the opening ceremony:
http://www.cbc.ca/news/canada/sudbury/hydraulic-air-compressor-demonstrator-1.4169809. The research
work on the CO:2 capture application of HAC was presented at the ECOS 2017 Conference in San Diego,
California, on the 5™ July. The presentation included the energy and economic analysis performed on the
system, as well as, the preliminary results on the experimental work started in June at the HAC pilot plant.
The validation of the use of HAC systems for carbon capture formally started with a 23 full factorial Design of
Experiments that has been executed in September and analyses are ongoing.
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First name: Andrea LAST NAME: PIANO

Topic: Advanced air management systems for future automotive diesel engine
generations

Course year: 3¢ Tutor(s): F. MILLO

Academic context

[1] Piano, A., Millo, F., Di Nunno, D., and Gallone, A., "Numerical Analysis on the Potential of Different Variable
Valve Actuation Strategies on a Light Duty Diesel Engine for Improving Exhaust System Warm Up," SAE
Technical Paper 2017-24-0024, 2017.

[2] Gonzalez D, M. and Di Nunno, D., “Internal Exhaust Gas Recirculation for Efficiency and Emissions in a 4-
Cylinder Diesel Engine,” SAE Technical Paper 2016-01-2184, 2016..

[3] Brauer, M., Pohlke, R., Berndt, R., Manns, J., Elicker, M., Brands, C., and Scheidt, M., “Variable valve train
as key technology for compliance with future emission limits and further downsizing,” SIA Powertrain
International Conference, Rouen, 2016.

External collaborations

e General Motors Global Propulsion System
e Gamma Technologies LLC
o Powertech Engineering

Highlights of the research activity

The increasing stringency of pollutant emission regulations, aiming to fuel neutral NOx limits along with the
challenging future CO2 targets, is expected to foster the implementation of new technologies in the
development of modern diesel engine. In this context, the adoption of Variable Valve Actuation (VVA) may
have an important role in order to achieve better thermodynamic efficiency and faster warmup of the
aftertreatment (AT) systems.

Since the adoption of VVA showed improvements in terms of both fuel consumption reduction and exhaust
temperature increase in steady-state conditions, the third year of the research activity was focused on the
numerical simulation of the best techniques along the Worldwide

harmonized Light duty Test Cycle (WLTC). Tmonolith - BASE
Regarding CO2 reduction, Late Intake Valve Closure (LIVC) was >00 Tmonolith - EVrO
evaluated. No significant benefits in terms of fuel consumption jég 1 :::1222:2355
reduction were found on WLTC, because the contribution of LIVC | © ./ i
enabling engine conditions (low load region of the engine map) | ¢ 300 l ;
on total fuel consumption is lower than 10%. *g 250 ; '
As far as the shortening of the AT warmup phase is concerned, | & 200
a simulation analysis of the AT system was also carried out in § 150

order to assess the warmup of the Diesel Oxidation Catalyst 100 |18

monolith. Three different techniques were evaluated by means of 50 -

numerical simulation, searching for the best compromise 0

between temperature increase and fuel consumption worsening 0 50 100 150 200 250 300
among Early Exhaust Valve Opening (EEVO), Variable Valve Time [s]

Timing (VVT) and Exhaust Valve ReOpening (EVrO). All the |Fig. 1 - DOC monolith and exhaust gas
three abovementioned VVA strategies allowed achieving
significant increases in the exhaust gas temperature after cold
start, with generally negligible or acceptable fuel penalties
(typically lower than 1%). The most promising technique was EVrO, with which a monolith temperature
increment of about 30°C could be achieved at 300 s after the start of the WLTC, confirming the outcomes of
the preliminary analysis carried out under steady state operating conditions.

temperature in WLTC simulation for
baseline and EVrO actuations.
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First name: Marco Savino LAST NAME: PISCITELLI
Topic: Energy management in buildings through Data Analytics techniques

Course year: 1 Tutor(s): A. CAPOZZOLI, M. PERINO

Academic context

[1] Yu, Z., Haghighat, F., & Fung, B. C. M. (2016). Advances and challenges in building engineering and data
mining applications for energy-efficient communities. Sustainable Cities and Society, 25, 33—-38.

[2] Molina-Solana, M., Ros, M., Ruiz, M. D., Gbmez-Romero, J., & Martin-Bautista, M. J. (2017). Data Science
for Building Energy Management: a review. Renewable and Sustainable Energy Reviews, 70, 2

[3] Miller, C., Nagy, Z., & Schlueter, A. (2017). A review of unsupervised statistical learning and visual analytics
techniques applied to performance analysis of non-residential buildings. Renewable and Sustainable
Energy Reviews. (In press).

External collaborations

e |RENS.p.A.
e eVISO - Energia e tecnologia per le aziende. Via Silvio Pellico, 19, 12037 Saluzzo CN
e ENEA - Agenzia nazionale per le nuove tecnologie, I'energia e lo sviluppo economico sostenibile

Highlights of the research activity

Thanks to the growing spread of loT and ICT technologies in buildings, the interconnections between
innovative data analytics technologies and energy management in buildings are becoming very effective for
enhancing energy efficiency. On the other hand, Building Energy Management Systems and smart monitoring
systems are generating large, heterogeneous, structured and unstructured building-related data whose
handling still remain a complex issue to address in the current context of smart buildings in smart cities. As a
consequence, in the last decade, a great interest in data analytics is steadily growing in building physics sector
in order to fill the gap between intensive energy data
collection and robust knowledge extraction.

In this framework particular attention is devoted to .
energy time-series data analytics. This field of research, . ' — e

Average Power (W] [-‘_ - _.‘_.

that in the energy sector is mentioned as energy profiling,

is aimed at describing and modeling energy consumption I e |
patterns and the boundary conditions influencing their - {3' i pro
variation over time. Robust methodologies to analyse =
energy consumption patterns can support the early stage 5 —————  |Jom-too
of the building energy diagnosis for exploiting detailed 2 - :

— 19:00 -24:00

energy management procedures at individual building ramp down
level. For instance, the mining of typical load patterns at =
single building/system level makes it possible to cope S =4
with complex emerging topics in building management | e —— e — |
such as energy demand forecasting, Fault Detection and ' 0| |
Diagnosis (Figure 1), profile energy benchmarking,
demand side management applications, exploitation of
on-site renewable energy sources generation. In this
perspective, the research is also conceived to develop
innovative, robust, flexible and up-gradable
methodological frameworks considering that data mining
and machine learning are relatively young disciplines in
energy and buildings sector.

Power [kW]

Fig. 1 - Characterisation energy consumption data
of substation C of Politecnico di Torino.
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First name: Alberto LAST NAME: PIZZOLATO
Topic: Topology optimization of energy devices and systems

Course year:3« Tutor(s): V. VERDA, A. SCIACOVELLI

Academic context

[1] Pizzolato, A., Sharma, A., Maute, K., Sciacovelli, A., & Verda, V. (2017). Topology optimization for heat
transfer enhancement in Latent Heat Thermal Energy Storage. International Journal of Heat and Mass
Transfer, 113, 875-888.

[2] Pizzolato, A., Sharma, A., Maute, K., Sciacovelli, A., & Verda, V. (2017). Design of effective fins for fast
PCM melting and solidification in shell-and-tube latent heat thermal energy storage through topology
optimization. Applied Energy.

[3] Bendsge, M. P., & Sigmund, O. Topology optimization: theory, methods and applications. 2003.

External collaborations

e University of Colorado, CO, USA
e Technical University of Denmark (DTU), Denmark
e Johns Hopkins University, MD, USA

Highlights of the research activity

Energy devices of the future demand for advanced design and control methodologies able to open the doors
of the market to sustainable systems. My PhD research activity investigates the possibilities of topology
optimization for energy problems. Topology optimization is a powerful form finding methodology that allows
making no assumptions on material layouts. The design evolves freely along the optimization process leading
to unexpected topologies, shapes and configurations. During year 1 and 2, we demonstrated the use of this

tool for: (i) design and control of robust District heating networks; (ii)
Y/ 0K .
7 .

design of high-performance fins for enhanced melting and
solidification in Latent heat thermal energy storage.

Building on these achievements, year 3 research developed in three
main directions:
1. Optimal material selection for practical design of latent heat
thermal storage units
2. Design of multi-scale high conducting heat transfer

structures
3. Extension to other energy problems
In conventional engineering practice, selection of materials is based

on performance indicators and not related by any means to design.
Exploiting the inherent freedom of topology optimization, we Preasure drop >
showed that the design procedure may morph the material selection (b)

space making a-priori choice of the material incorrect.

Regarding multi-scale design, we have focused on optimization of
multi-material metal matrices and foams. We augmented the mono-
scale design framework considering three levels of freedom: (i) the
material periodic layout at the micro-level (using forward and
inverse homogenization); (ii) the material domains at the macro-level; (iii) the structure at the macro-level.
Although design freedom at the macro-scale was restricted for manufacturability reasons, our multi-scale
layout presented in Fig 1(a) allowed for at 20.4% increase of performance compared to topological fins.
Concerning point 3, we have started three activities for future research. A first application is the optimization
of invading flow paths in thermal solar collectors for optimal efficiency. Second, in cooperation with Dr. Reza
Behrou at Johns Hopkins University, we are working on optimization of cathodic flow channels in Proton
Exchange Membrane Fuel cells (PEMFCs). Optimized layouts for different pressure drops are depicted in Fig.
1(b)). Last, we are using topology optimization for cost reduction of micro-hydraulic turbines.

Fig. 1.- (a): Multi-scale design (left) vs
mono-scale fins (right). (b): Optimized
flow paths in PEMFCs
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First name: Daniele LAST NAME: PORCU
Topic: Advanced combustion diagnostics for internal combustion engines

Course year: 2™ Tutor(s): F. MILLO

Academic context

[11 Pauer T. et al, Optimization of gasoline engines by water injection, Inernationales Wiener
Motorensymposium 2016

[2] Hoppe F. et al., Evaluation of the potential of water injection for gasoline engines, 2017 SAE International
[3] Battistoni, M., Grimaldi, C., Cruccolini, V., Discepoli, G. et al., "Assessment of Port Water Injection
Strategies to Control Knock in a GDI Engine through Multi-Cycle CFD Simulations," SAE Technical Paper
2017-24-0034, 2017.

External collaborations

e Powertech Engineering Srl
e Centro Ricerche Fiat (CRF)
e Universita degli studi di Perugia (UniPG)

Highlights of the research activity

As a PHD student during the second year of activity my effort was mainly focused on combustion diagnostic,
analysis of experimental data, and exploitation of simulation tools in order to better understand the effect of
various technologies on combustion development. From the activity carried out with Eaton last year it has been
demonstrated that on engines with about 100 horse power per liter of specific power the effect of sodium filled
exhaust valves cannot be properly evaluated by means of our facilities, it follows that the effects are minor and
not measurable. A section of a post processing tool for Renault has been developed, aiming to compare
different transient behavior of the engine under test.

Therefore the activity was focused on the water injection effects on the
combustion evolution and partially related the side effect on the engine, like
sump pressure variation or oil temperature variation both due to water wall
impingement leading to lubricant oil dilution. Aiming to improve the beneficial
effects of water several CFD-3D simulation has been carried out with
different geometrical layout and operating parameters such as water
quantity, injection and spark timing, injection pressure and others.

It has been widely proved that, from the technical side, direct injection is the
optimal solution, unfortunately this way is much expensive requiring a new
specific design of the engine cylinder head. It follows that when the water is
injected in the port is better to put the injector as close as possible to the
intake valve, in this manner the enthalpy of vaporization has to come mainly
from the air-fuel mixture then maximizing the temperature reduction in the
combustion chamber and almost avoiding wall impingement in engine ports.
CFD-3D simulation are in good accord with experiments both for exploitation Fig.1 - Spray bomb
of water’s latent heat of vaporization and impingement effects. characterization.
The simulation required a precise characterization of the injector spray that
is named “spray bomb”. This activity was carried out in collaboration with
“Shot to Shot Engineering” a spin-off of the University of Perugia, they have the facilities for the measure of
droplet size distribution, droplet momentum and spray geometry. Those measurement have been used to
calibrate the injection pattern characteristics in the CFD-3D model. Therefore a case study has been selected
for the evaluation of the water consumption during various driving cycles, including “Real Driving Emission”
like cycles. The results of those simulation shows that the water consumption is quite important, then at this
stage of development the technology cannot be commercialized. Currently a 0D empirical combustion model
is being refined in order to catch water injection effects on combustion.
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First name: Elisa LAST NAME: PRIMO
Topic: Actual energy performance and IEQ of buildings — the effect of occupancy

Course year: 1 Tutor(s): V. Corrado

Academic context

[1] Ben H., Steemers K. Energy retrofit and occupant behaviour in protected housing: A case study of the
Brunswick Centre in London. Energy and Buildings 80 (2014), 120-130.

[2] Galvin R. Making the ‘rebound effect’ more useful for performance evaluation of thermal retrofits of existing
homes: Defining the ‘energy savings deficit’ and the ‘energy performance gap’. Energy and Buildings 69 (2014),
515-524.

[3] Guerra Santin O, Itard L., Visscher H. The effect of occupancy and building characteristics on energy use
for space and water heating in Dutch residential stock. Energy and Buildings 41 (2009), 1223-1232.

External collaborations

e |talian National agency for new technologies, Energy and sustainable economic development
(ENEA, ltaly)

e Research on Energy System (RSE, ltaly)

e Social housing agency of Central Piedmont (ATC Piemonte Centrale, Italy)

Highlights of the research activity

The research activity is focused on the energy refurbishment of the existing building stock, taking into account
real occupant behaviour. In this context the first year activity has been organized in the following topics:

e Analysis of the state-of-the-art

Though the energy consumption of buildings is supposed to

decrease after a retrofit, several studies show that the energy
performance does not increase as much as it would be expected and
that a significant gap between the estimated and the real energy
savings - called “rebound effect” - occurs. This deviation can partly
depend on the model used for the energy performance evaluation,
but changes in the occupants’ behaviour after a thermal retrofit of an 80 -
existing dwelling are also revealed.
e Standard energy performance assessment of real
representative buildings subject to energy refurbishment
In order to investigate the influence of the occupancy on the gap
between the estimated and the real energy savings after the
application of energy efficiency measures, a preliminary step of the
work has assessed the standard energy performance of some ltalian
residential representative buildings through dynamic simulation
(EnergyPlus).
o Development of questionnaire survey about occupant
behaviour
So as to model real occupancy in selected case studies a
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insulation  replacement

Fig. 1 - Net energy need for heating

questionnaire survey has been developed and it is going to be
distributed to buildings occupants both before and after energy
refurbishment. The outcomes of these surveys will allow to identify
the real occupant behaviour changes in retrofitted building and
estimate the real energy savings. The actual energy performance of
case studies is assessed by calibrating the energy models by means
of the monitored energy consumption before and after energy
refurbishment.

and cooling normalized by the
conditioned floor area.

(Source: Corrado et al. Proceedings of
Building Simulation 2017).
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First name: Francesco LAST NAME: SAPIO

Topic: Diesel after-treatment modelling optimization techniques

Course year: 1 Tutor(s): F. MILLO

Academic context

[1] Millo, F., Rafigh, M., Fino, D., Miceli, P. “Application of a global kinetic model on an SCR coated on Filter
(SCR-F) catalyst for automotive applications”, Fuel, 2016.

[2] Wooseok Kang, Byungchul Choi, Seunghun Jung, Suhan Park, PM and NOx Reduction Characteristics of
LNT/DPF + SCR/DPF Hybrid System, Energy (2017).

[3] Millo, F., Rafigh, M., Dudgeon, R., Wahiduzzaman, S. “Calibration of a Global Kinetic Mechanism Based
on Synthetic Gas Bench Experiments for a Lean NOx Trap Catalyst for Automotive Applications”, THIESEL
2016 Conference on Thermo- and Fluid Dynamic Processes in Direct Injection Engines, 2016.

External collaborations

e General Motors Global Propulsion Systems

Highlights of the research activity

Lean-burn gasoline and diesel engines are particularly appealing due to their reduced greenhouse gas
emissions and increased fuel economy. These technologies, however, require an accurate combustion control
and catalytic systems for limiting pollutant emissions. In particular, European (EU) legislation limits are
becoming more and more severe and type approval procedures are going to radically change after the recent
introduction of Worldwide harmonized Light vehicles Test Cycle (WLTC) and Real Driving Emission (RDE)
tests. Considering that test bench and chassis dyno experimental campaigns are time consuming and require
a wide use of resources for the generation of data, accurate and computationally efficient simulation models
are essential in order to identify the most promising technology mix to satisfy emission regulations. Therefore,
the aim of this research project is to develop reliable models of

the individual after-treatment components and to calibrate the
kinetic parameters, based on experimental measurements,
which can be further used as a virtual test rig to evaluate the
effectiveness of each technology in terms of reducing pollutant

Fig. 1 - LNT modelling example with
calculated temperature and NOx
concentration (red lines), compared with
experimental data (black lines).

emissions. In this first year of activity, the Lean NOx Trap (LNT)
technology for controlling NOx, CO and HC has been studied. An
improved global kinetic model was developed and calibrated
using a 1D-CFD commercially available software, GT-SUITE,
according to reactor-scale experiments such that HC, CO and
NOx conversion as well as by-products slips, such as NHs and
N20, were predicted with satisfactory accuracy. The calibration
can be performed either through iterative and through trial/error
methods or with the aid of advanced optimization tools such as .
Genetic Algorithm (GA), which is based on random selection of | . LM
independent variables. It was found out that GA is a suitable | | N M

automatic optimization tool for kinetic parameter setting in after- u ) i V&
treatment systems thanks to its capability in finding global | Lot T
optimum, not depending on the starting point and not requiring a - B

deep knowledge of kinetics. The calibrated simulation model was

further utilized for the prediction of NOx emission over WLTC and RDE tests, with the aim to assess NOx
emissions of a full-size LNT component for a diesel passenger car, showing satisfactory accuracy compared
with measured data with a total cumulative NOx mass error lower than 6%. The innovative contribution from
this research is the assessment, through a new comprehensive numerical model, of the whole powertrain
system, including the after-treatment, of the more promising technology mix, such as combination of LNT/SCR-
F, to reach the future challenging emissions and fuel economy targets for diesel powertrain for passenger car
applications.
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First name: Gianluca LAST NAME: SERALE

Topic: Getting closer the mismatch between renewable energy sources availability
and exploitation in buildings

Course year: 3¢ Tutor(s): M. PERINO, A. CAPOZZOLI

Academic context

[1] Fiorentini M, Wall J, Ma Z, Braslavsky JH, Cooper P. Hybrid model predictive control of a residential HYAC
system with on-site thermal energy generation and storage. Appl Energy, 2017;187:465—79.

[2] Serale G, Goia F, Perino M. Numerical model and simulation of a solar thermal collector with slurry Phase
Change Material (PCM) as the heat transfer fluid. Sol Energy, 2016;134:429-44.

[3] Aste N, Manfren M, Marenzi G. Building Automation and Control Systems and performance optimization:
A framework for analysis. Renew Sust Energ Rev, 2017;75:313-330.

External collaborations

¢ University of Wollongong — Sustainable Buildings Research Centre
e IMT Alti Studi Lucca
o |EA - Annex 59: High Temperature Cooling & Low Temperature Heating in Buildings

Highlights of the research activity

The adoption of Renewable Energy Sources (RES) - directly integrated in buildings or connected to energy
grids - has introduced new challenges to face. Indeed, the RES variation during time and the mismatch
between RES availability and the actual occupants’ demand require buildings capable to interact with variable
grid and occupants’ needs. Exploiting active and passive energy storage technologies in buildings represent
a first possible solution to face this challenge. Additional benefits can derive from the implementation of
information and communication technologies in buildings., Electronic components are becoming extremely
affordable, thus their deployment in buildings strongly increased in the last decade, allowing a large amount
of building related data to be more easily available and

accessible. Simultaneously, the increase in computational power Fig. 1 - Optimal control sequence for a
and the availability of accurate weather predictions allowed the slurry PCM-based solar thermal system
building designers to explore a number of possible advanced retrieved from MPC algorithm.
control strategies for optimizing the energy management of - - —F

buildings. -t

In this context, the research activity of Gianluca Serale’s PhD
thesis has been undertaken. It coped with three of the most i
important aspects that can positively intervene for facing the
abovementioned challenges. The first one was the technological e L
development of active and responsive elements incorporated in - . .
buildings to enhance the storage capacity of the constructions. A
Specifically, an innovative solar thermal system was developed
with the aim of exploiting advantages offered by latent heat. In
detail, a PCM-based solar thermal system prototype was realised
and a numerical model capable to describe its thermo-energetic J VL A W) L)
behaviour was developed, calibrated and validated. The second
aspect was the application of data science to extract knowledge and predict the behavior of the building
stochastic processes. In this context the PhD thesis approached also data analytics techniques and methods
to monitor and gather building real data. Eventually, the third aspect was the adoption of intelligent control
strategies and algorithms to actually exploit the potentialities offered by the responsive technologies and data
availability. Model Predictive Control (MPC) algorithms to regulate building energy and thermal processes were
studied in deep. In detail, a MPC controller was developed to optimise the regulation of the investigated PCM-
based solar thermal system (results are highlighted in figure).
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First name: Alicia LAST NAME: SOTO

Topic: Modeling and analysis of carbon capture and re-utilization (CCU): how to
make business from COz recovery

Course year: 1 Tutor(s): M. SANTARELLI (POLITO), A. BOBELYN (TU/e)

Academic context

[1] F. Monaco, A. Lanzini, M. Santarelli, Making synthetic fuels for the road transportation sector via oxide
electrolysis and catalytic upgrade using recovered carbon dioxide and residual biomass. Journal of Cleaner
Production (2017). Select+ PhD Programme

[2] G. Rinaldi, B. McLarty, J. Brouwer, A. Lanzini, M. Santarelli, Study of CO2 recovery in a carbonate fuel cell
tri-generation plant. Journal of Power Sources. 284, 16-26 (2015). Select+ PhD Programme

[3] Walrave, B., Talmar, M., Podoynitsyna, K.S., Romme, A.G.L. & Verbong, G.P.J. (2017). A multi-level
perspective on innovation ecosystems for path-breaking innovation. Technological Forecasting and Social
Change. Select+ PhD Programme

External collaborations

University of Technology, Eindhoven (TU/e): Dept. of Industrial Engineering & Innovation Sciences
Innovation Technology Entrepreneurship & Marketing

KIC InnoEnergy PhD School, member since November 2016

Hydrogen Education Foundation, Washington DC, U.S.A. This organization promotes clean hydrogen
energy technologies through student scholarships, innovative national/international competitions, and
educational programs to encourage environmental stewardship, improve energy security, and creates
green jobs. Currently participating in the 2017 Power-To-Gas Student Design Contest.

Highlights of the research activity

Three large sources of CO2 emitters have been identified as subjects for this research: exhaust from
coal power plants, biogas from wastewater treatment plant, and air. Other potential sources have been
considered and are under review as possible subjects for the research.

Initial steps have been taken towards the development of mathematical models for the recovery of
C02 and CO2 chemical processing for the manufacturing of carbon-based products such as synthetic
chemicals (mainly, fuels:CH4 and methanol), chemicals and construction materials (mainly, concrete).

Research on  the  entrepreneurial Fig. 1 - The commercialization of products originating

perspective was also conducted. The from CO2 sequestration provides opportunities to
trajectory started with literature review that reduce CO2 emissions at a profit.

leads to the definition of a research gap to
be addressed throughout the PhD project.
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First name: Alessandro LAST NAME: TANSINI

Topic: CO2 emissions certification for Light-Duty and Heavy-Duty vehicles
(conventional and hybrids)

Course year: 1 Tutor(s): F. MILLO

Academic context

[1] Pavlovic, J., Tansini, A., Fontaras, G., Ciuffo, B. et al.,, "The Impact of WLTP on the Official Fuel
Consumption and Electric Range of Plug-in Hybrid Electric Vehicles in Europe", SAE Technical Paper 2017-
24-0133, 2017

[2] Fontaras, G., Rexeis, M., Dilara, P., Hausberger, S., Anagnostopoulos, K., “The Development of a
Simulation Tool for Monitoring Heavy-Duty Vehicle CO2 Emissions and Fuel Consumption in Europe”, SAE
Technical Paper 2013-24-0150, 2013

[3] Publications Office of the European Union, “Final report of the research program (VTP1) on an emissions
and CO2 test procedure for Heavy Duty Hybrids (HDH)”, TNO report 2013 R11430, 2013

External collaborations

e Joint Research Centre Ispra (JRC-Ispra)
DG Clima

Highlights of the research activity

Vehicle simulation tools have been recently introduced in various regions of the world for the certification of
gaseous emissions. In the EU, simulation tools are used both for Light-Duty Vehicles (LDVs) and for Heavy-
Duty Vehicles (HDVs) regulation approaches, but hybrids are not yet handled. Hybrid LDVs, as their
conventional counterparts, will be also tested under the WLTP
(Worldwide harmonized Light vehicles Test Procedure) once the - Balocco Proving ground -
regulatory framework will be ready. As research fellow at JRC-Ispra, | :
participated to a study for the evaluation of WLTP impact on Plug-in
Hybrid Electric Vehicles (PHEVs) fuel consumption. The activity
involved experimental testing in the Vehicle Emission Laboratories
(VELAS) of two different PHEVs. The results of the study are reported
in a conference paper that | presented during the ICE 2017 SAE
Conference. With regards to HDVs CO: emissions, the regulatory
framework has recently been set into force and since 2016
manufacturers of class 4, 5, 9 and 10 Heavy-Duty trucks have to certify
their vehicles using the Vehicle Energy Consumption Calculation Tool
(VECTO). Buses and Coaches are going to be included in the

regulation in 2020. JRC participated to the Pre-Pilot Phase (PPP) of | -
the development of this certification, performing experimental activities | ;-
on vehicles provided by manufacturers: tests on the chassis

dynamometer, on-road tests with Portable Emission Measurement
Systems (PEMS) and Air Drag tests on the proving ground. The latter Fig. 9 - Processing of GPS data

is needed in order to establish the resistance offered by tires and air from the Air Drag test for the
drag through physical experiments, providing as outputs the total RRC computation of road loads (Scania
(Rolling Resistance Coefficient) and CdA (drag coefficient times PSS

vehicle frontal area). The test implied the use of GPS, torquemeters,

anemometer and On-Board Diagnostics (OBD) data logger and substantial post-processing work had to be
performed. The case of certification of CO2 emissions for Hybrid HDVs is even more challenging and the
European Commission has commissioned the Technical University of Graz to perform a feasibility study and
propose possible solutions. The study updates were presented during regular meetings to which | participated.
The topic of hybrid HDVs has seen me involved also under the ECOCHAMPS European project as the main
author of the D1.4 deliverable named “Proposal on the enhancement of CO2 declaration methods to support
Hybrid Commercial Vehicles” (public on 2018 Q2).
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First name: AnnaChiara LAST NAME: UGGENTI
Topic: Safety assessment of next generation nuclear system

Course year: 2™ Tutor(s): A. CARPIGNANO, S. DULLA

Academic context

[1] GIF/RSWG, “An Integrated Safety Assessment Methodology (ISAM) for Generation IV Nuclear Systems”,
version 1.1 (2011)

[2] T. Pinna et al, Functional Failure Mode and Effect Analysis (FFMEA) for the DEMO cooling systems of the
WCLL blanket model. Eurofusion report EFDA D 2JPQSG v1.0 (2015)

[3] E. Zio, N. Pedroni, Risk analysis — Uncertainty characterization in risk analysis for decision-making practice.
ICSI - Institut pour une Culture de Sécurité Industrielle, Toulouse (2012)

External collaborations

e European Project SAMOFAR (Horizon 2020)
o ENEA FUS (Frascati — Italy)
o LPSC/CNRS Grenoble

Highlights of the research activity

The contemporary research activity in the nuclear field is focused on the development of nuclear facilities able
to satisfy the current needs of safety, reliability and sustainability of energy sources. The attempt to answer
this request with a fully innovative technology is the rationale associating all Generation-1V reactor designs
and the proposed concepts for a full-scale fusion reactor (DEMO). Safety assessment and risk analysis are
recognized as a priority in the development of these next generation nuclear systems, but since their innovative
physics and technology and the preliminary design phase of some of the concepts, their safety assessment
has to rely on the basis of nuclear safety and technological neutral methodologies.

In this framework, the European project SAMOFAR aims at furnishing
the experimental proof of concept of the Molten Salt Fast Reactor
(MSFR) and its safety assessment. For this purpose, the Integrated
Safety Assessment Methodology (ISAM) is selected and analysed as
conceptual methodology, and a wide survey on risk analysis tools,
international standards and best-practices aims at defining an
operational procedure suiting MSFR analysis, including functional
safety assessments.

Well-established practices applying “Functional Safety” to conceptual
systems do not exist; therefore a new method based on functional
modelling is proposed and applied, performing a Functional Failure
Modes and Effects Analysis and Master Logic Diagram analysis of Emergency-draining shaft

the system design. This approach allows studying systems with a to the draining tank
preliminary design, identifying functional deviations able to  Fig. 1 - Schematic representation of the
compromise safety, listing Postulated Initiating Events (PIEs) and ~MSFR fuel circuit and cooling sectors.
recognizing lack of information, criticalities and necessity of
supplementary provisions in the current design, using consistent
definitions of technological inclusive risk metrics and severe accidents. Successively each accident scenario
will be classified into frequencies and consequences macro-categories (in terms of damages to the asset and
environmental releases) and one or more risk matrices will be built: basing on the risk level of each accidental
sequence, a number of lines of defence will be defined for the unprotected sequence. Therefore, this
methodology aims at influencing the design from its earliest stages.

Finally, a part of the research activity concerns the consequences assessment in the offshore Qil&Gas (O&G)
sector, with an innovative approach called “source-box model”. The aim of this approach is to mix advantages
of semi-empirical and CFD simulations, in order to have a realistic model with a reasonable computational time
that allows to model a representative number of scenarios, so that CFD analysis can really support design
choices through the development of a set of source box categories, guaranteeing system optimization and
lower investment.

Reactor vessel
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First name: Roberto LAST NAME: vITOLO

Topic: Reduction of fuel consumption and gaseous emissions from vehicles:
implementation of non-conventional diesel combustion and development of an
advanced central tire inflation system

Course year: 2™ Tutor(s): S. D’)AMBROSIO

Academic context

[1] Spessa, E., d'Ambrosio, S., lemmolo, D., Mancarella, A., Vitolo, R., Hardy, G., “Steady-State and Transient
Operations of a Euro VI 3.0L HD Diesel Engine with Innovative Model-Based and Pressure-Based Combustion
Control Techniques”, SAE Int. J. Engines 10(3):1080-1092, 2017

[2] Vitolo, R., d’Ambrosio, S., Salamone, N., Martorana, G., et al., “On-board centralized system for regulating
the pressure of tyres of a motor vehicle”, International PCT Patent Appl. WO 2017/089915 A1

[3] Barrand, J. and Bokar, J., “Reducing Tire Rolling Resistance to Save Fuel and Lower Emissions”, SAE Int.
J. Passeng. Cars - Mech. Syst. 1(1):9-17, 2009

External collaborations

e FPT Industrial (FPT Motorenforschung AG research center in Arbon)
e |VECO /CNH Industrial
e FCA - Balocco Proving Ground

Highlights of the research activity

Two technologies are studied to reduce particulate and nitrogen oxides emissions, and greenhouse gases
emissions, i.e. CO2, from vehicles propelled by internal combustion engine.

A premixed charge compression ignition combustion mode is studied on a 3.0 | diesel engine. A preliminary
analysis was performed on an FPT engine designed for operating with conventional diesel combustion mode.
It showed a high potential reduction of NOx and soot, but a fuel penalty and an increase of HC and CO have
been registered. Further study have involved an advanced version of the same engine, which allowed to exploit
the functionalities of the PCCI combustion up to 8.5 bar of brake mean effective pressure (bmep). The PCCI
combustion allowed reducing the production of NOx by 85-97% and of soot by 90-80% in the explored area
with respect to the standard calibration on the reference production engine. Although engine-out emissions of
CO and HC were significantly high, the usage of a standard diesel
oxidation catalyst allowed complying with the homologation limits in
most of the tested engine working points. Fuel penalties are in the
range 4-11%.

In order to reduce fuel consumption, the application of an automatic
system able to manage tire pressure according to a smart strategy
is studied. A preliminary assessment of the fuel economy benefits
that could be obtained implementing this kind of system has been
performed in collaboration with IVECO. A simulation tool has been
developed that can simulate vehicle fuel economy taking into
account of the effect of tire pressure variations. Simulations LA P N T
demonstrgted a possible reduction of _about 1.7-2._1% _of fuel Fig. 1 - Effect of payload and tire
consumption on an annual base. Algorithms for estimating the inflation pressure on resistant forces
effect of tire pressure on fuel economy as well as on vehicle opposing to the vehicle motion.
longitudinal and lateral dynamics have been set-up, and they will
be validated through experimental activity performed on track on a
passenger car, thanks to a recent collaboration with FCA Balocco Proving Ground.
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First name: Haosheng LAST NAME: wu

Topic: SOLPS-ITER Modelling the High field Side High Density (HFSHD) Region in
AUG L-mode Discharge

Course year: 15t Tutor(s): F. SUBBA, R.ZANINO

Academic context

[1] S. Potzel, et al., A new experimental classification of divertor detachment in ASDEX Upgrade, Nuclear
Fusion, 54(1): 013001(2013).

[2] L. Aho-Mantila, et al., Assessment of SOLPS5.0 divertor solutions with drifts and currents against L-mode
experiments in ASDEX Upgrade and JET, Plasma Physics and Controlled Fusion, 59(3): 035003 (2017).

[3] F. Reimold, et al., The high field side high density region in SOLPS-modeling of nitrogen-seeded H-modes
in ASDEX Upgrade, Nuclear Materials and Energy (2017).

External collaborations

e Max-Planck-Institut fir Plasmaphysik, Boltzmannstralie 2, D-85748 Garching, Germany.
e ITER Organization, CS 90 046, 13067 St Paul Lez Durance Cedex, France

Highlights of the research activity

This Topic aims at studying the formation in the Asdex Upgrade (AUG) tokamak of the so-called High Field
Side High Density (HFSHD) region with the SOLPS code. A correct modeling of the HFSHD region allows
improving the accuracy on the prediction of the neutral density distribution in AUG and, ultimately, of the
radiation distribution pattern. It also allows to reproduce accurately (when compared with experimental data)
the ion power flux profiles on both inner and outer targets. My aim is to obtain the first HFSHD region model
for L-mode discharges and gain a better understanding of the physics leading to its formation and its effects
on the overall SOL physics. After validating the physical model of SOLPS, the formation conditions of HFSHD
in AUG will be extrapolated to the EU-DEMO to study the EU-DEMO power load problem, a task known to be
critical for the divertor design of the EU-DEMO.

During my first year, | learned how to use SOLPS-ITER code, which i
mainly includes B2.5 fluid edge plasma code, coupled with the
Eirene Monte Carlo code for neural particle transport. Uncertainties
induced by the grid selection for the SOLPS-ITER fluid plasma T
simulation of the EU-DEMO has been analyzed using Richardson’s
extrapolation method based on three different grid sizes (192x72,
96x36, 48x24). Computational results show that, on the standard
96x36 grid, a residual uncertainty estimate of about 20% still exists
on a few target critical profiles (temperature and heat flux) for sl |
detached plasma cases. In attached cases, the uncertainty level is
noticeably larger; however this is not much harmful, because the
attached regime is forbidden for DEMO. ter

Experimental data of AUG L-model discharge has been collected

during a research visit at IPP, Garching, which will be compared to e oo 12 1 e 1%‘ 20 2s
SOLPS-ITER simulation results to validate SOLPS-ITER physical Fig. 1 - SOLPS-ITER grid and vessel
model. General plasma parameters are used to determine steady segments for AUG modelling.

state and boundary conditions, while midplane density and
temperature profiles are used to adjust transport coefficients. Finally, Langmuir Probes measurements at the
targets and electron density in the divertor volume measured by spectroscopical methods are used to validate
the physical model. A first fluid case is running, which does not yet include kinetic effect, drifts and currents
terms. The computational grid is shown in Fig. 1.
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First name: Jiajie LAST NAME: Xu

Topic: Analysis of Charge Motion, Fuel Injection and Mixture Formation in High-Performance CNG Engines

Course year: 3¢

Academic context

Tutor(s): E. SPESSA, M. BARATTA

[1] Baratta M. And Rapetto N., “Fluid-dynamic and numerical aspects in the simulation of direct CNG injection
in spark-ignition engines”, Computers and Fluids 103 (2014): 215-233
[2] Baratta M., Catania A.E., and Spessa E., “Multi-dimensional modeling of the direct natural-gas injection
and mixture formation in a stratified-charge Sl engine with centrally mounted injector”, SAE World Congress

2008-01-0975

[3] Baratta M. et al., “Development of a high performance natural gas engine with direct gas injection and

variable valve actuation”, SAE Int. J. Engines 10(5):2017

External collaborations

e Centro Ricerche Fiat
AVL List
e Delphi Automotive

Highlights of the research activity

In continuation of the moving injector model developed and tested in
the previous year, it was incorporated into the engine flow volume to
form a full engine model for 3D CFD simulations of the DI CNG
engine with VVA, in order to investigate the mixing capability of the
side-mounted injector, to determine the effects of different injection
configurations, and to assist the development of the engine.

Firstly, the late injection was investigated at an engine operating point
of low load and low speed. This was most critical point from the
perspective of air-fuel mixing process due to the very low charge
motion given by the low intake valve lift and low piston speed.
Nevertheless, thanks to the special positioning and inclination of the
side-mounted injector, the gas jet was aligned with the intake air flow
and therefore enhanced the tumble motion. The mixing rate under
this mechanism was quite satisfactory, even for a very late injection
timing.

Then different injection timings were examined. Three representative
cases are shown in the figure on the right — first injection timing
resided entirely inside the intake phase (when intake valves were
open), the second timing started right after intake valve closing, and
the third late timing ended not long before the spark ignition. Their
interaction with the intake air flow and in-cylinder charge motion were
discovered and hence the mixing mechanism and rate explained
accordingly.

Similar injection simulations were carried out at several engine
operating points with typical significance, i.e. low speed low load, low
speed full load, high speed full load, etc. And thus the numeric model
successfully assisted the development of the engine and is ready for
any further inspection or improvement.
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First name: Alessandro LAST NAME: ZANELLI

Topic: Modeling and simulation of innovative electrified diesel propulsion architectures

Course year: 1% Tutor(s): F. MILLO

\ #

Academic context

[1IMILLO, F., ROLANDO, L., FUSO, R., MALLAMO, F., Real CO2 emissions benefits and end user's operating
costs of a plug-in Hybrid Electric Vehicle, APPLIED ENERGY, vol. 114, pp. 563-571.

[2] MILLO, F., FERRARO, C.V., ROLANDO, L., Analysis of different control strategies for the simultaneous
reduction of CO2 and NOx emissions of a diesel hybrid passenger car. In: INTERNATIONAL JOURNAL OF
VEHICLE DESIGN, vol. 58 n. 2/3/4, pp. 427-448, ISSN 0143-3369.

[3] MILLO, F., BADAMI, M., FERRARO, C.V., ROLANDO, L., Different Hybrid Powertrain Solutions for
European Diesel passenger cars, SAE INTERNATIONAL JOURNAL OF ENGINES, vol. 2, pp. 493-504, ISSN
1946-3936

External collaborations

e General Motors Global Propulsion Systems
e Gamma Technologies LLC,
o Powertech Engineering,

Highlights of the research activity

Nowadays OEMs are facing the challenge of producing vehicles that meet more and more challenging fuel
economy and emissions targets. Powertrain electrification may represent a viable technology to achieve those
targets by means of different hybrid architectures. Due to the increased complexity and degrees of freedom
of hybrid powertrains, computer-aided software tools allowing to run simulated tests of powertrains play an
important role in the optimization of fuel consumption, performance as well as for reducing pollutant emissions.
My research activities started with the development of a comprehensive vehicle and powertrain model with the
aim to assess the potentialities of different diesel hybrid architectures. This vehicle model integrates several
subsystems: the engine is a CFD 1D fast running model capable to predict heat and mass transfer allowing to
evaluate engine out pollutant emissions and fuel consumption. The engine model is coupled with the cooling
circuit model, making the evaluation of the warm-up of the vehicle possible and with the aftertreatment system
model, making the whole model able to quantify the
type-approval emissions. On this core model, | | oo Rssmemive braking Mode in WiTC 1%
considered different electrical systems: a 12 V 160
architecture and a 48 V one. In particular after the

validation of the model with the 12 V architecture (for
which experimental data are available), | modelled the
48 V electric network in order to investigate the
advantages of higher electric power available for
regenerative braking and electrical assist, for the so- ,
called PO, in which a 48 V alternator is employed as o e ie 1 ;Lm Prre—:)
engine starter and as generator. This micro-hybrid Time [s]

solution can achieve a reduction of fuel consumption of Fi .

} ; . ig. 1 - Recovered and recoverable energy during
around — 5 % on the Worldwide Harmonized Light Duty regenerative braking for a 48V micro-hybrid
Cycle (WLTC). multipurpose vehicle on the Worldwide Harmonized
Light Duty Test Cycle (WLTC).
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Highlights of the research activity

During the first year of the PhD studying period, the research has been concentrated on an innovative close-

loop control method of the injected mass in diesel common-rail
(CR) engines. In commercial CR injection systems, the fuel
quantities that should be injected into the combustion chamber
are generally controlled by the energizing time (ET), dwell time
(DT) and the nominal pressure (pnom) values, which are
calibrated based on the injector characteristic curves and stored
in the electronic control unit (ECU). However, the effective fuel
injected quantities are hard to be monitored and can deviate
from their nominal values for different reasons. In comparison
with the conventional control strategy, the innovatively close-
loop control method requires the measurement of pressure time
distribution signals on the rail-to-injector pipe. The algorithms
which convert the pressure signals into a flow-rate time history
are derived from one-dimensional pipe flow models and the
Riemann decoupling procedure. The mass flow-rate entering the
injector is then related to the fuel injected quantity: this indirect
makes it possible to apply a close-loop control strategy on the
injected mass. Bosch
In this phase, the developed methods published in [2] and [3]
have been analyzed and adopted. The new laboratorial
apparatus that consists of a rapid prototyping hardware has
setup and the new algorithms have been uploaded on the ECU.
Experiments have been performed on the prototypal system and
the results have been analyzed. It can be inferred from the figure
that the innovative method (Polito) shows a better accuracy in .
the injected masses than the Bosch strategy at the different M., [ma) 2
single injection working conditions. In addition, transient tests "
and multiple injection tests, gave better performance for the

Polito

laM,| i)

M, | [mg]

|||||||

innovative system. Fig. 1 - Quantity differences between
This research is still ongoing and further developments are being | measured values and corresponding targets
carried on. New control strategies for the control of the injected for single injections (steady states tests).

mass are considered and refined.
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