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New fuels and new combustion modes:
A path to zero emissions / high efficiency mobility systems

EXPERIMENTAL RESEARCH i FUEL MODELLING FOR HCCI
APPLICATIONS

CHEMICAL ENERGY CARRIERS FOR COMBUSTION IN TRANSPORTATION

INTRODUCTION

Despite the continuous development of new technologies the combustion process is still at the basis of most of the energy transformation
processes employed in mobility systems.

The interest on the HCCI, especially in regard to Diesel-fuels occurred in the mid-9os. The capability of the process to be run with various fuels, in
conjunction with the ability to produce synthetic fuels “tailored” to the needs of the HCCI process, renders the fuel itself an important parameter
for the development of a controlling strategy. Towards this goal, the detailed knowledge of the auto-ignition behavior of practical and alternative
fuels under different operating conditions is necessary.

An optically accessible Rapid Compression Expansion Machine (RCEM) has been used to investigate the homogeneous auto-ignition of different
candidate fuels for Homogenous Charge Compression Ignition (HCCI) combustion.

An empirical, three-stage, Arrhenius-typeignition delay model, parameterized on shock tube data, was found to be applicable also in a transient,
engine-relevant environment.

The pressure rise due to cool-flame heat release, which is crucial for the induction of mainignition, have been investigated with regard to operating
parameters.Finally,a simplified cool-flame heat release model is proposed,that is mathematically independent from the three-stage ignition delay
model.

EXPERIMENTAL SETUP: THE RCEM

The RCEM is a highly flexible free-floating piston test rig (Figure 1). Excellent
optical access is provided together with the independent setting of operating
parameters,such as compression ratio, charge initial pressure and temperature.
Atransparentvirtually flat piston was utilized in the current work. A fully heated

The continuous study devoted by the research community to the understanding and improvement of the combustion process allowed to
match from year to year the always more stringent emission standard regulating the Diesel and gasoline automotive engines.

Moreover, this effort brought light on future and promising paths to further develop the combustion systems and approach the target of
highly-efficient/zero emission combustion in mobility systems. In particular:

- The employment of new synthetic fuels that feature specific characteristics
- The development of new combustion strategies

In order to make the best of these two concepts and of their combination, much more understanding is still needed. To pursue this goal at
LAV we use different experimental equipments as well as advanced computational methods to understand the process from its fundamentals,
until its apllication in real engines.
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FUEL IGNITION MODELING AND ANALYSIS

An empirical, three-stage, Arrhenius-type ignition delay model, parame-
terized on shock tube data, was found to be suitable for the evaluation of
ignition delay in HCCl applications. It allows the computation of both LTR
and HTR ignition delays. Through a knock-integral method the ignition de-
lay was computed by integration on pressure/temperature trace. :
A cool-flame heat release model allows for the evaluation of the cool-flame ——
heat release profile as a function of the operating condition parameters, ol
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such as temperature, equivalence ratio and EGR rate. -- o
Advanced The combined cool-flame heat release / 3-Arrhenius model has found to be _— ﬂ/
i capable of predicting accurately both first and second stage ignition delay.
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A rapid compression expansion machine and a constant
volume high pressure vessel are,among other optically
accessible facilities, are available in the department

and they are intensively employed for the study of the
combustion under a wide range of conditions.

thetic pressure trace is obtained by the calcula-

: _ Figure 3: Comparison between experimental and
tion of the heat release during the cool flames

model predictions for n-heptane.
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INTRODUCTION

PILOT IGNITION IN LEAN BURN GAS ENGINES

MOTIVATION OpPTICAL DIAGNOSTICS

Natural gas as fuel for engines has gained significant im- The optical accessibility through the piston window and the cylinder head window (d=52 mm) allows for
portancein recent years due toits widespread availabilityand different optical measurement systems. An intensified high speed camera (LaVision HSS6) equipped with a
potential foremission reduction such as NOx and particulate 307 nm band-pass filter recorded pictures of the OH chemiluminescence at a frequency of 20-30 kHz during
matter. Additionally, methane as the main component of na- ignition and combustion.An optical light probe (OLP) for multi-color pyrometry can be mounted additionally
tural gas combines a high research octane number with alow to the photomultiplier tubes recording the total UV light emitted by the energized OH, CH and C2 radicals

The increasing demand for mobility and transportation, as well as increasingly stringent emission regulations worldwide, have driven the develop-
ment of internal combustion engines mainly towards the reduction of gaseous and particulate emissions, while enhancing the overall efficiency.
For the specificapplication of combustion in diesel engines, the main focus has been on the reduction of exhaust NOx and particulate matter, while
maintaining or even improving fuel economy.

A promising technology to contribute to further NOx reduction is closing the intake valve well before bottom dead centre, so called Miller valve ti-
ming. This approach partially shifts the compression work from the piston compression stroke to the charging system, allowing to reject this part
of the generated compression heat via inter- and after-cooler. The result is a reduction of the charge air temperature before fuel injection and con-

sequently a reduced cycle temperature, which significantly reduces the thermal NOx formation during and after combustion. To counterbalance C/H ratio, therefore allowing for simultaneous CO2 emission  at a frequency of 100 kHz (left setup). Lavision L1556 o .
the power output losses resulting from the early valve closure, high boost pressures are required. However, some recent investigations have shown reduction and increase in engine thermal efficiency. Lower G Also, reactive Elgh Spfeed Scdhhe'rin
a minimum in NOx emissions at certain in-cylinder temperatures followed by an increase of emissions with further reduction of charge tempe- lcombu.St'on temperatures due to lean burn operation, Mil- B iy SRR imaging can be performed (right
. . . . . . L . er/Atkinson valve timings and/or ECGR lead to a lower knock ~N _ setup). A collimated light beam
rature.(mcreasmg Miller degree).The same effect has been observed‘for cpntmuous retardation of'SOI, also qud|ng to longer ignition 'del.ays.Th|s tendency and hence allow for a higher compression ratio or Photomultpices @ 100 kiz ratpi (] Criginating from a pulsed diode
behaviour is unexpected, as it goes against the steady trend of the adiabatic flame temperature, which has continuously been reported in literature boost pressure level. All these measures however lead to ad- iy esmiieytan o e laser unit is sent through the com-
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The MTU-396 single cylinder engine at LAV is equipped with state of the art measurement
equipment and offers the possibility to study the combustion process isolated from environ-
mental influences. The intake pressure and temperature can be set to the desired boundary
condition, the common rail injector is capable to handle pressures up to 1600 bar and the ex-
haust can be throttled to rise the pressure to the desired value. Together with the fully varia-

required such as pilot ignition. While most studies found in  1.avision 1iss6
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literature focus on engine performance, fundamental expe-
rimental data is sparse [1].

“ENGINE” OPERATING CONDITIONS

& . i ' / premixed flame propagation.
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Figure 2: Baseline and extreme Miller valve timing.

EXTENDING THE POTENTIAL OF MILLER TIMING TO REDUCE NOX EMISSIONS

150

Pilot injection was realized by a single hole injector using n-heptane as the pilot
fuel and EGR was chosen to consist of 100% N2. A modified cylinderhead design
allows the application of the Schlieren technique to visualize the gaseous and
liquid phase of the pilot spray and the additional determination of the premixed
flame front.

“FUNDAMENTAL” EXPERIMENTAL RESULTS

Table 1: Configuration of MTU 396 single
cylinder engine.
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