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CAE Approach for EGR System Design in a CNG Engine for Light Commercial Vehicles

Exhaust Gas Recirculation (EGR) is a measure commonly used in Diesel
engines for NO, reduction. In CNG engines running at A=1 EGR can help
to avoid knocking conditions at high load and to reduce throttling losses
at low load. In current light- or heavy-duty CNG engines EGR is not yet
available in any engine on the market. Within a cooperation of Empa,
FIAT Powertrain Technologies (FPT) and Politecnico di Milano, an EGR
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Introduction

CNG engines have, compared to Diesel engines,
an efficiency deficit because of their load control
strategy (throttling at part load) and high load
EGR can

to mitigate the drawbacks by reducing throttling losses

limitations (knocking combustion). help
at part-load conditions and reducing knock tendency
at high-load conditions. The task of the project
described here was to find an optimal geometrical
configuration for EGR of a given engine. The main target
was to ensure a uniform distribution of EGR across all
cylinders which is not a trivial task because the
geometrical configuration is highly asymmetric.
Additionally, a combustion chamber geometry which

enables fast combustion has to be found.

Approach

To achieve the project goals, both simulation (CAE) and

experimental validation are performed hand in hand.

The following tools are used:

* Engine experiments without EGR to generate
validation data for boundary conditions

* 1%t stage CAE: creation and validation of the
1D model of the engine using the experimental data

» 2ststage CAE: coupled 1D-3D simulations of different
intake manifolds versions to select the best option

* Experimental validation of the chosen intake

manifold geometry on a engine test bench

e 3" stage CAE: 3D CFD simulation of combustion
chamber geometries. Goal: find a geometry for fast
combustion, especially with EGR.

* Validation of the new geometry of the combustion
chamber on engine test bench at Empa

Intake Manifold Design

Three possible intake manifold geometries (Fig. 1) were
selected at the first stage of the project to be verified
using 1D-3D coupled simulation.

#2

#1

Fig. 1 Three possible intake manifold geometries
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Fig. 2 shows the graphical representation of the
1D model of the engine (tool: GT-Suite). The 1D model
of the intake manifold has been generated using
geometrical CAD data of the geometries and fine-tuned
and validated with experimental data.
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Fig. 2 1D model of the engine

In a coupled 1D-3D simulation (tools: GASDYN and
OpenFOAM), the intake manifold geometries have been
simulated. Fig. 3 showed the air- and EGR-flow results
for the best geometry (#3). This geometry has been
chosen for implementation on the engine.
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Fig. 3 Air and EGR mass flow in all cylinders (#3)

Combustion Chamber Design

The flame speed of the premixed combustion in internal
combustion engines depends highly on the level
of turbulence. Creating the right amount of flow motion
which enables a robust ignition and a fast combustion
is crucial for good efficiency and low emissions.
Turbulence is generated by the flow through the intake
valve and by the compressing piston. Different piston
bowl geometries have been simulated using 3D CFD
(RANS) and Fig. 4 and 5 show exemplary the flow
through the intake valves and the flow inside the
cylinder for a hemi-shaped piston bowl.
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system has been laid out for a CNG engine which is typically used in light
commercial vehicles. The focus was on creating an EGR system which
delivers EGR uniformly across all cylinders and to find a combustion
chamber geometry for fast combustion. To do so, a CAE toolchain has
been developed and used where 1D and 3D CFD tools have been
coupled. The system has been built-up and the experiment is ongoing.
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Fig. 4 Flow velocities at intake valve opening
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Fig. 5 Flow inside cylinder at bottom dead center

[k - turbulent kinetic energy, U - velocity]

Promising geometries have been identified and will
be tested experimentally.

Outlook

A CAE toolchain has been established and used
to identify optimal solutions for the improvement
of a CNG engine. Hardware changes have been realized
and the experimental phase on the engine test bench
(Fig. 6) for EGR implementation has started.

Fig. 6 Engine with EGR system at the test bench

Expected results

Final output will be CNG engine with optimized intake
manifold and combustion chamber, capable of using
EGR. Since FPT as the engine manufacturer is in the
project team, the results can be directly transferred
to the predevelopment.



mailto:jakub.rojewski@empa.ch
mailto:patrik.soltic@empa.ch
mailto:daniel.klein@cnhind.com
mailto:daniel.klein@cnhind.com
mailto:giovannigaetano.gianetti@polimi.it
mailto:tommaso.lucchini@polimi.it

	Slide Number 1

