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Analisi numerico/sperimentale sul controllo Thermal
ottimale della portata di refrigerante in diverse Management
condizioni operative dei MCI

Modellazione numerica del Sistema di
raffreddamento dei powertrain ibridi con
particolare riferimento alla batteria

Thermal
Management
powertrain ibridi

) ) ) ) Motori CI
Modellazione numerica e caratterizzazione alimentati a

sperimentale di motori alimentati a bio-diesel bio-diesel
per applicazioni cogenerative

Motori SI Studio e caratterizzazione al banco di motori
alimentati a alimentati a bio-combustibili (bio-metano, bio-

bio-combustibili metanolo)
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pressure-release cap. thermostat (regulates flow of water)
e EFFECTIVE COOLING

fan (draws in air
mro gh adna!o \\

— Fase di warm-up: riduzione dell’attrito

ot A motore caldo: riduzione della portata di refrigerante

2_ A motore spento: evitare il colpo di calore

SISTEMA DI RAFFREDDAMENTO TRADIZIONALE

A pieno carico: riduzione dell'arricchimento della
miscela e ridotto rischio di insorgenza del knock

@




DDM![M’&NERIA Thermal Management del MCI FIAT CHRYSLER AUTOMOBILES
MECCANICA, ENERGETICA E GESTIONALE ) -
[(.L\C\I.Aﬂli ENGLC;‘NEI EUPROFEA Lo 93“ B ﬁm‘o N

Fando Europpo df Svilppo Regionale Lt Themsiol ¢ b Hoein

pressure-release cap, thermostat (regulates flow of water)

I pump (circulates water through
jacket to cool cylinders)
fan (draws in air

through radiator
to cool water) ~

drain cock.

el

S

overflow pipe
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SISTEMA DI RAFFREDDAMENTO TRADIZIONALE

Progetto sviluppato in Collaborazione con

Sviluppo di un sistema di raffreddamento di precisione in condizioni
di ebollizione nucleata e sviluppo di un controllore MPC (Model
Predictive Control) per I'ottimizzazione della portata di refrigerante

A 4 A4

EnovAzione

Sostituzione della Sviluppo di un controllore
pompa tradizionale belt- model-based per la gestione
driven con della pompa

elettropompa
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| MODEL AND CONTROLLER

FIAT CHRYSLER AUTOMOBILES
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e Tw: predicted engine wall temperature
Tc: predicted coolant temperature
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Engine Specifications

SPERIMENTAZIONE AL BANCO

L[]

. Model 4 cylinders, 16 valves, N. A.
Displaced volume 1242 cc
Bore/Stroke/Con. Rod 70.8/78.9/129 mm
Compression Ratio 9.8:1
Max Power 59 kW at 5500 rpm
Max Torque 114 Nm at 4250 rpm

OMP electrically driven pump

Maximum flow rate 240 dm® / min

Maximum electric power 1000 W

Input Voltage 12V
Maximum motor speed 5000rpm
Overall efficiency 67%
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STRATEGIE DI CONTROLLO IMPLEMENTATE

* Warm-up rapido

\- Portata di refrigerante piu bassa possibile a regime
» Portata minima durante un ciclo di omologazione
» Evitare il colpo di calore

\- Portata ottimale per ritardare I'insorgenza del knock
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STRATEGIE DI CONTROLLO IMPLEMENTATE

Warm up rapido

CONDIZIONE

OPERATIVA 2 bar bmep x 2000rpm a freddo
CONTROLLORE -0.6 <NB_index < 0.5
PORTATA DI Belt-driven: 2000 dm3/h
REFRIGERANTE Controller: 250 dm3/h
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STRATEGIE DI CONTROLLO IMPLEMENTATE

Warm up rapido
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fuel consumption=1.86 kg/h vs 1.90 kg/h
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Thermal Management dei MCI

STRATEGIE DI CONTROLLO IMPLEMENTATE

120
Ciclo di omologazione NEDC < 100
=
g 80
CONDIZIONE . . . g 60
OPERATIVA Ciclo di omologazione NEDC 2 a0
VINCOLI § 20
CONTROLLORE | B € o]
0 2 4 6 8 10 12 14 16 18 20
A B C time [min]
Output Variable Min/Max Output Variable Min/Max Output Variable Min/Max
Tw [°C] 85+160 Tw [°C] 110+160 Tw [°C] 110+160
Tc [°C] 562110 Tc[°C] 70+110 Tc [°C] 70:110
NB_Index [-] -0.5-0.3 NB_Index [-] -0.2:0.6 NB_Index [-] 0+0.8
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Thermal Management dei MCI

STRATEGIE DI CONTROLLO IMPLEMENTATE

120
Ciclo di omologazione NEDC < 100
=
= 80
CONDIZIONE . . . g 60
OPERATIVA Ciclo di omologazione NEDC 2 a0
VINCOLI § 20
CONTROLLORE | B € o]
0 2 4 6 8 10 12 14 16 18 20
A B C time [min]
Output Variable Min/Max Output Variable Min/Max Output Variable Min/Max
Tw [°C] 85160 Tw [°C] 110+160 Tw [°C] 110+160
Te [°C 56110 Tc[°C] 70110 Tc [°C] 70+110

NB._Index [] @ NB_Index [-] @ NB_Index [-] @

N Bindex(C)>N Bindex(B)>N Bindex(A)
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STRATEGIE DI CONTROLLO IMPLEMENTATE
Ciclo di omologazione NEDC NBindex(C)>NBindex(B)>NBindex(A)
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STRATEGIE DI CONTROLLO IMPLEMENTATE

Ciclo di omologazione NEDC

Fuel consumption

NEDC
Belt driven pump 560.8 g
Controller A 523.7 g (-6.6%)
Controller B 519.3 g (-7.4%)
Controller C 518.4 g (-7.6%)
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STRATEGIE DI CONTROLLO IMPLEMENTATE

Controllo del knock
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Engine speed: 1500 rpm
Load step: 20 Nm > WOT (SA9.2° BTDC, A=1)
Constant coolant flow rate: 1500 I/h

Engine speed: 1500 rpm
Load step: 20 Nm > WOT (SA 9.2 ° BTDC, A=1)
Coolant flow rate Step: 1500 I/h = 4500 I/h
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STRATEGIE DI CONTROLLO IMPLEMENTATE

Controllo del knock
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A rapid increase of coolant flow rate alone cannot avoid
knock; however, it can delay the knock onset, therefore
limiting the spark advance retard and mixture enrichment.
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Hybrid Powertrain Thermal Management
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Implementation of a control strategy for the management of
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per applicazioni cogenerative
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ATTIVITA SPERIMENTALE e MODELLAZIONE NUMERICA

Micro-CHP system based on ICE

Biodiesel Engine

Electric Thermal
Efficiency Efficiency

CHP
Efficiency




Communlty Energy Storage
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Engine Specifications

Model 3 cylinders, CIDI, 4-stroke
Displaced volume 1642 cc

Bore/Stroke 88/90 mm

Compression Ratio 20:1

Rated Power 11 kW

Rated Speed 1500 rpm
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PROPRIETA del DIESEL (B0) e BIODIESEL (B100)

100% Biodiesel

l

Fuel Properties

B 100

BO B20 B40 B60 B8O B100 Density [kg/m3]
— Kinematic viscosity at 20 °C

[mm?/s]
Lower heating value [MJ/kg]
Flash point [°C]
Cold filter clogging
: .~ { temperature [°C]
,,M*‘, xi‘i’;{ ) s} "“’-’N\ ey Solidifying point [°C]

M mpgr® g P N
Acid value [mg KOH/(]

42.5
67

3
3 5.6
-6

0.03
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PRESTAZIONI MCI RILEVATE AL BANCO
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Bio-fuel

(2ncl gen]

i Agricultural waste,

siomass [T Ry — METHANOL (CH,0H) (¢
M L municipal solid ar;\‘ﬂ‘o(\((\a
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= waste 20

Conversion H HP
T s © High efficiency and power
lomass, wooqQy o~ . . . -
crops, agricultural 3. B
e | e [ L +) ngh energy density of liquid fuel
o, © Existing infrastructure at harbors

© Green methanol available for fast
© Market introduction

@ Exhaust aftertreatment system required
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Bio-fuel
(2ncl gen]
Biomass Agricultural waste, L
forest residues, .o'a‘\oaé\” Biomethanol
r municipal solid 35‘\’&‘ iy
| waste, livestock | e
waste 20
Conversion
Lignocellulosic process

biomass, woody
crops, agricultural

J “
g
®, B
waste, non-food do%(,’?rar_ Bioethanol
energy crops g0

METHANOL (CH,OH) @

© High efficiency and power

© High energy density of liquid fuel
© Existing infrastructure at harbors
© Green methanol available for fast
© Market introduction

@ Exhaust aftertreatment system required
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