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1. ICEGroup
2. 1D and 3D tools developed @PoliMi
3. Applications of CFD in the field of H2 for propulsion systems
e System modeling (engine/pumping systems)
* Injection
* Combustion
* Aftertreatment

e Fuel cells
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ICE Group @ Polimi Energy Department 3

ICE Group

 Fundamental and applied research on
thermal and fluid-dynamics modeling of
energy conversion components
= |Cengines
=  Fluid Machines
= Electrification
=  Fuel-cells

Industrial collaborations
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Research activities — numerical modeling

Numerical modeling of IC engines, fluid machines and power systems
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1D simulation methodology 5

« One-dimensional, unsteady, compressible, reacting flow with area variations, friction and

heat transfer with the walls
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1D simulation methodology: Combustion prediction 6

 The in-cylinder phenomena and combustion are modelled by means of multizone approach
solving the energy and mass balance of each sub zone

- Zimont's correlation is used to compute turbulent flame speed | > S, = ALY s
Laminar flame speed evaluation
A Mout
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Validation: Single cylinder experimental comparison 7
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Engine conversion from NG to Hydrogen 8

* Natural gas fuelled heavy duty in-line 6 cylinder featuring a variable geometry turbine

« A =1and A =2 feeding conditions have been considered
H2 injection
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1D Gasdyn model: H2 compression station

Test case: Burckhardt compressor 2K90-1A
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Modeling the H2 injection phase 10
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Lib-ICE : mesh management 11

Full-cycle
simulation

‘Tw% T‘~‘T’t
I I

Power-cycle
simulation

Lucchini, T., Della Torre, et al., Automatic Mesh Generation for CFD Simulations of Direct-Injection

Engines (2015) SAE Technical Papers www.engines.polimi.it



3D-CFD: Compression Stroke 12
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Combustion model

 Spark-ignition combustion
= Flame area evolution (FAE) model to predict the reaction rate:
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PFIl results: flame-wall interaction effect 14
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PFIl results: flame-wall interaction effect 15
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ATS design for H2 engines 16

ATS for H2 high-performance engine: coupling engine strategies and ATS design
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CFD macro-scale model for ATS simulations 17

Fluid
mesh

: POLITECNICO

he

* Overlapping fluid and solid FV meshes

« Solid mesh support the modelling of different zones

« Coupling with lagrangian and eulerian models for tracking of
droplets and liquid film

Time: 0.000

Bulk gas model

Substrate model ass heat
Surface reactions \
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DeNOx technology for ATS of H2 engines
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TWC/LNT technology for ATS of H2 engines 19
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Fuel Cell Simulation 20

child
{ | | « The model was originally developed by Weber et al.
global fluid solid electric (Juelich) based on the OpenFOAM technology and
released under GPL2
interconnect
air channel « Itis based on a multi-region aproach for the modeling of
catfode GOL fluid, solid and electric region
“membrane proton
e » * Modeling at the channel scale and device scale of PEM
anode GOL fuel cells and electrolyzers
fuel channel
nerconnect « At PoliMI: implementation of novel models (reaction
kinetics, water management) aimed at the study of
degradation
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Fuel Cell Simulation
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POLITECNICO

Detailed analysis of reactants distribution
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6th Two Day Meeting (Milan, 11-12 March 2024) 23

The sixth edition of the "Two Day Meeting on Propulsion Simulations using OpenFOAM Tecnology" co-organized by the Internal
Combustion Engine Group at Politecnico di Milano and the STFS group at TU Darmstadt will be held at Department of Energy
of Politecnico di Milano on 11t and 12th March 2024.

This Two-Day Meeting is aimed at engineers and researchers who use OpenFOAM technology to simulate propulsion systems.
Similar to previous events, the primary focus is on infernal combustion engines, with an emphasis on alternative and
sustainable fuels. Furthermore, a new session on fuel cells and BEV has been added. Presentations from universities, research
institutes and industries will address the state of the art, real applications and specific developments related to:

* in-cylinder flows: gas exchange, fuel-air mixing, combustion, pollutant formation;

* intfake and exhaust systems: after-treatment, unsteady flows, silencers;

« fuel cells and BEV powertrain cooling modeling.
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