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ABSTRACT

Due to the contiruousreduction of the CQ emission standards manufacturers of
passenger cars and lightluty trucks have explored solutions that are mainly focused
on turbocharging anddownsizing of internal combustion engines (ICE)Start/stop
systems as well as costlier full hybrid solutions ath, more recently, Waste Heat
Recovery technologies havealso been proposedand realized The latter include
Thermo-Electric Generator (TEG), Organic Rankine Cycle (ORC) and Electric Turbo
Compound (ETC) that have been practically implemented on few headyty
applications but have not been proved yet as effective and affordable solutions for
passenger carsConcerningthe downsizing concept, to maintain a reasonable power
level in small engines, the application of turbocharging is mandatory both faDtto
and Dieselengines. Following this aspect, the possibility to couple an electrinotor
to the turbocharger (electric turbo-compound) to recover the ralundant energy of
the exhaust gases is becoming more and more attractive.] AAUOS8 OAEEAI A ET A
converging more and more to electrification of vehicles, introducing electrical
architectures to cooperate side by side with the combustion enginéurthermore,
turbochargers often lack fast transient response due to the nature of the energy
exchangewiththee @ ET Ah xEEAE AAOAOET OAOAO OEA OAEEAI
assisted turbocharger can alste used for improving the transient response without
any parasitic losses to the engine while providing energy recovery for increasing
overall system efficiency.

This diploma thesis deals with the issue of electrically assisted turbocharging of a
six-cylinder diesel engine used in dight-duty vehicle and theinvestigation of the
AT CET AOG8 bDAOA Oisduring Aanskeht Aperdtindg:cdr@iond through
the GTPower computational package (Gamma Technologies, Inc.). The main purpose
of this study is to design the engingthe turbocharging systemand the vehicleusing
the GTFPower computational package, which is a specialized software model with
wide use inthe industry. The process of studying the response anthe emission

estimation is accomplished forthe newly established Worldwide Harmonized Light

11



Vehicle TestCycle (WLTC), which has replaced NEDC since September 2017 in the
certification of new passenger cars and lightluty trucks. The study of the model
under different operating conditions is undertaken to understand and evaluate the
performance of the engine and emission of plotants from it. The emissions studied
are the two main pollutants from diesel engineshitrogen oxides (NQ) and soot, as
well ascarbon dioxide (CQ).

Finally, the model of electrically assisted turbochargd diesel enginds compared
to the corresponding model of simpleturbocharged diesel engineduring transient
operating conditions; the latter isbased on the same engine andas created during
the elaboration ofan earlier diplomatic thesis. This comparisonaims to investigate
the rate of improvement of pollutant emissions through the useof an electrically

assisted tubocharger.
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Japan Europe USA S.Korea India  Unified
Relative Positive Acceleration (m/s 2)
Low 0.177 0.200 0.245 0.192 0.134 0.192
Medium 0.142 0.176 0.225 0.174 0.142 0.188
High 0.117 0.144 0.164 0.139 0.162  0.156
Extra high 0.086 0.114 0.103 0.155 Z 0.108
Average Speed (km/h)
Low 19.8 20.0 18.8 17.2 21.1 19.8
Medium 40.1 39.9 37.0 34.1 395 38.4
High 62.9 55.6 59.7 53.9 56.1 58.0
Extra high 86.2 83.1 90.1 67.6 Z 86.8
Average ldle Duration (s)
Low 26.5 15.6 24.9 29.2 23.1 21.9
Medium 25.6 16.6 22.3 39.8 24.6 224
High 215 18.4 20.1 34.2 46.2 22.8
Extra high 15.5 17.1 12.2 22.1 Z 14.5
Average Short-trip Duration (s)
Low 66 68 63 64 148 84
Medium 161 221 125 201 642 238
High 458 473 284 691 1157 446
Extra high 1158 1082 601 1621 Z 824
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Class Duration  Distance SN||o e:; q Ag/s;ae%e x:i);'l. I_?:;:g RPA
) M )y kmby sy @) )
1 1022 8,098 64.4 28.5 081 188  0.083
2 1800 22,649 1231 453 097 128  0.119
31 1800 23,194 1313 46.4 1.67 126  0.154
3-2 1800 23266 1313 46.5 167 12,6  0.159

Louw J2dytyeuvls zZR?2d1 [ 248 AmULY 1 WETR[Hz 2 zod
Duration  Distance Max. = Average  Max. Id.Ilng RPA
Segment (s) (m) Speed Speed  Accel. Time (mis?)
(km/h)  (km/h) (M) (%)
Low 589 3,094 56.5 18.9 1.61 24.4 0.219
Medium 433 4,756 76.6 39.5 1.61 10.9 0.206
High 455 7,162 97.4 56.7 1.67 6.4 0.138
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