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- Agenda

* Fuel Injection Modeling:

- gasoline,

- ammonia,

- hydrogen
* lIgnition:

- Energy released by igniters
Optical engine results: spark vs. corona
Spark discharge evolution and plasma temperature
Low-Temperature Plasma generation simulations
* Engine Combustion Stability:

- lean combustion with innovative igniters,

- LES and combustion stability
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Fuel injection modeling:
liguid atomization

C Spray D

ENBINE COMBUSTION NETWORK
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Time: 8.6 us
Open source Code: foam-Extend
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V. Vukcevic, R. Keser, H. Jasak, M. Battistoni,

D KAUST H.G. Im, J. Roenby, SAE paper, 2019
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Yue Z., Battistoni M., Som S., lJER, 2020
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Fuel injection modeling: cCe

GDI nozzle analyses Spray G
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Fuel injection modeling:

° % T
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Fuel injection modeling:
ammonia spray

CFD

Spray morphology in flash boiling conditions

2 bar
flashing

spray

15 bar
evaporating

spray - o s A
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Fuel injection modeling:
under-expanded hydrogen jets

Hamzehloo et al. (2019) ——
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Fuel injection modeling:
under-expanded hydrogen jets with real-fluid properties
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Conventional and innovative ignition systems

Conventional Spark

The plasma generated by a conventional spark can be
considered as an energy deposition.
* Thermal Effect

RF Corona Igniter

The non-equilibrium plasma discharge exploits both
*  Thermal Effect
* Kinetic Effect (production of active radicals

via electron impact dissociation)

e —
TENNECO

® FEDERAL
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. Corona Effect Ignition Systems ACIS Igniter

dielectric surface (

Corona Effect Ignition Systems

« Streamers evolution

Energy delivery and efficiency
Ignition and combustion
Computational Fluid Dynamics

Hydrogen Engine set-up
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Energy — Spark vs. Corona (ACIS)
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- Optical engine results — Spark vs. Corona
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- Optical engine results — Spark vs. Corona

Spark A =1 Corona A =1

Spark A =1.4 Corona A =1.4

ione Interna







Spark discharge evolution and plasma temperature

Temperature profile comparison between experiments and

simulations for the cross-flow configuration in static condition
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Low-Temperature Plasma generation simulations
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“Pulsed” streamers simulation

First-ever modeling of RF-corona non-
equilibrium plasma

Discharge physics captured (positive and
negative streamers, O, T, ...)

Agreement between numerical and optical
streamer lenght

Bulk temperature is high only along axis

Atomic Oxygen generated axially and
spread radially (pressure waves effect)

by Cruccolini (UniPG) and Scarcelli (ANL)
0.0030001 s
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Conventional and innovative ignition systems

Conventional Spark
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Combustion stability: LES simulations at different A
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Combustion stability: EXP vs. LES
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Fuel effects: comparison among
gasoline, methane, hydrogen-methane blend
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- Next: H2 on optical engine
and FPT engine

“TENNECO

POWERTRAIN TECHNOLOGIES @ FEDERAL
MOGUL

FIAT POWERTRAIN
10° 10t 10% 10® 10* 10°

F1C ENGINE
for Light Commercial Vehicles Ignition energy [mJ]

L4 3.0 liter engine

OPTICAL ENGINE
0.5 liter
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