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Introduction

In recent years energy demand has continued to increase and global
CO, emissions along with it.

We need to cut the CO, emissions substantially even to return to
current levels by 2050.

Since 1990, the transport CO, emissions worldwide have increased
by 36%. Today, transport accounts for nearly 25% of world CO,
emissions.

The sector presents enormous challenges for achieving deep cuts in
fuel use and GHG emissions. End-use efficiency will dominate the
short- and medium-term emission reductions.

* Available technologies have the potential to reduce by 30% the
Energy use per km of new light-duty vehicles (LDVs) by 2030.

Source: IEA — Energy Technology Perspectives 2008
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Transportation challenges

In urban areas competing demands are originated by:

1. Global warming
Mitigation of GHG emissions (CO,, Methane,...)

2. Antropogenic pollution
Reduction of NOx and PM (fine and ultrafine particles) emissions

Mitigation of both problems would require an energy revolution.

Improving existing technology is the obvious first step:

Increased performances of propulsion systems

Flexibility of Energy sources/carriers (H,, gas, biofuels, electricity,...)
Increased electrification of urban vehicles

Advanced and more sustainable public transport systems
Alternative propulsion systems

Others...

Incremental evolution is easier than breakthrough evolution!
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Perspective of CO , emissions

reductions in Transport *

Y

Technology options in two scenarios over the period 2005 - 2050

CO, Reduction CO, Reduction

ACT Map BLUE Map

(Gt CO,/yr) (Gt CO,/yr)
Transport 8.2 12.5
Fuel Efficiency 6.0 6.6
Second generation biofuels 1.8 2.2
Plug-ins and electric vehicles 0.5 2.0
Hydrogen fuel-cell vehicles 0.0 1.8

* Adapted from: IEA — Energy Technology Perspectives 2008
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Alternative fuels

Low-carbon biofuels are expected to play a significant role, within the
limits of sustainable production and cropping, in achieving very low
GHG emissions levels in transport by 2050:

2"d generation biofuels (ethanol from ligno-cellulosic feedstocks
or municipal wastes)

Liquid synfuels (from gas)

Synthetic diesel fuel from biomass gasification

Hydrogen (not before 2030, due to high costs and extensive
Infrastructure requirements)

Trucks, ships and aircrafts should be the major users of biofuels since
other options are likely to be very expensive or non applicable to
these transport modes, at least in the short-term

Vehicle electrification, included hydrogen fuel cells, should be the
main alternative for cars (LDVS), at least as a long-term option.
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Pollution reduction Iin urban areas

Vehicle electrification could be also a radical way to solve the
problem of PM and fine particles emissions in urban areas.

Recent studies have shown a link between the concentration of fine
particles in the atmosphere and adverse effects on human health.

The correlation with adverse health effects is stronger for particles in
the ultrafine (< 100 nm) and nanoparticle (< 50 nm) diameter range,
rather than for PM,,,.

Many studies suggest that I.C. Engines, especially Diesel, and
vehicles are the major source of fine particles in urban areas.

In the short- and medium-term, improvement in fuel consumption and
more restrictive emission standards may help reducing PM mass
concentration. In the long-term also the number concentration of
ultrafine particles should be limited.
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Particle emissions
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Typical Diesel engine exhaust mass and number weighted size distributions
(Kittelson, J. Aerosol Sci., 29 (5/6) 1998)
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Particle emissions
Engine Exhaust Particles
Volume Concentrations
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Exhaust volume concentrations increase with fuel-air ratios. Values are significantly lower
for newer engines (Kittelson, J. Aerosol Sci., 29 (5/6) 1998).
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Particle emissions

Size distributions of Diesel

particles with biodiesel (B100)
fuel and reqgular diesel fuel (D2)

at 1400 rpm, 75% load.

Number distributions

Volume distributions

The concentrations of
particles larger than 50 nm

are reduced using biodiesel.

(Heejung J. et al.,
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Motivation of the research activity

In the short- and medium-term alternative fuels may help reduction in
both CO, and PM emissions.

The use of hydrogen blended mixtures and synthetic fuels from
biomass or coal gasification could reduce also fine particles
emissions, but the possible advantage have not been quantified yet.

The medium-term planning of the research activity of the Combustion
Laboratory at Politecnico di Milano is focused on the analysis of
synthetic fuels (gas and liquid) in steady combustion regime and
|.C.Engine simulators (combustion bomb).

Since 2005 the Combustion Lab. is member of the France-Italian Agreement
(European Research Group, GDRE) on “Energetics and Safety of Hydrogen”.

A joint PhD thesis is underway with CNRS in Orléans on the subiject:
“Scattering-extinction measurements of soot formation in hydrogen blended

mixtures”
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Laboratory facilities

The Combustion laboratory is currently involved in research activities
In the field of advanced combustion and spray systems.

The main facilities are:

Flow rig for Natural gas, H, or Syngas burners (up to 100 kW):
Natural gas (10 Nm3/h; 3 bar), Hydrogen (6 Nm3/h; 3 bar),
Air (500 Nm3/h; 7 bar), mass flow meters and controllers.

Flow rig for meso-scale combustors (@300 W, fuelled with
Hydrogen enriched gas mixtures and syngas.

(portable or very small power generators)

Test bench for automotive injectors (GDI or Diesel), with
optically accessible constant volume chambers, at variable
pressure and temperature, and high-pressure injection
systems.
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Research activities 1

A non-premixed swirl stabilized burner is used to
Investigate:

 swirling flows and associated instabilities (PVC),

- a variety of fuels (natural gas, H, , syngas, low calorific
fuels),

* Impact of SYNGAS combustion on flame stability
(blowout at overall lean condition) and
pollutant emissions

and to provide:

* detailed experimental data for CFD validation
of turbulent and kinetic models.

Cozzi F., Coghe A., "Behavior of hydrogen-enriched non-premixed swirled natural gas flames",
International Journal of Hydrogen Enerqgy, 31, 669-677, 2006

Coghe A., Scribano G., Solero G., "Recirculation phenomena in a natural gas swirl combustor”,
Experimental Thermal and Fluid Science, 28, n. 7, 709-714, 2004

Olivani A., Solero G., Cozzi F. and Coghe A., “Near field flow structure of isothermal swirling flows and
reacting non-premixed swirling flames”, Experimental Thermal and Fluid Science, 31, 427-436, 2007

F. Martinelli, A. Olivani and A. Coghe, “Experimental analysis of the precessing vortex core in a free
swirling jet”, Exp Fluids (2007) 42:841
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Syngas flame (transverse fuel inj.)

For all the exp. conditions the visible flame
emission is blue/violet (no soot)

At higher f the flame structure changes
(higher fuel jets velocities)

Decreasing the global f the NOx emissions
Increase
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Natural Gas/Hydrogen flames

0%H,  80%H,

¢ —

Temperature radial profiles at

e h/R = 0.56 (h = 10 mm) above
the burner exit by Rayleigh
scattering

Olivani A., Cozzi F., Coghe A., "Analysis of
hydrogen enriched flames by laser diagnostics”,
13th Intern. Symp. on Application of Laser
Techniques to Fluid Mechanics, Lisbon
(Portugal), Paper 1217, 26-29 June 2006,
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Research activities 2

Meso-scale combustors (@300 W)

Motivation: Even at only 10% conversion efficiency from chemical to
electrical energy, liquid hydrocarbon fuels still provide 10 times higher
energy density than batteries.

Work In progress:

Investigation of combustor behavior in terms of:
Combustor stability
Chemical and Thermal efficiency
Pollutant emissions
Thermal and fluid flow fields

Identify criteria and design strategies to design
meso-combustors

Chamber volume »

3
research program supported by MIUR-COFIN 250 mm

Cozzi F., Coghe A., Olivani A., “Thermal and Chemical Efficiencies of a Meso-Scale Combustor for
Propulsive or Power Generation Systems”. Third International Conference on Green Propellants for Space
Propulsion, Poitiers, France, 17 — 20 September 2006.
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MESO-SCALE COMBUSTOR
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Research activities 3

Fundamental studies of the effect of gas density and temperature on
transient Diesel spray penetration and entrainment, spray-wall impact,
new fuels and new injection systems

Recent works:

» Characterisation of Diesel piezo-injectors for
HCCI engines

» Characterisation of D.l. gasoline injectors

» Analysis of the effect of fuel composition on
spray penetration and vaporisation

Cossali G.E., Marengo M., Coghe A., Zhdanov S.0Q0The role of time in single drop splash on tffilm”,
Experiments in Fluids, Vol.36, pp.888-900

Araneo L., Coghe A., (2004) “Effect of Injectiono@ditions on Penetration and Drop Size of HCCI Bli&prays”,
in Thermo- and Fluid-dynamic Processes in Dieseltasy J.H. Whitelaw, F. Payri, C. Arcoumanis amd.J.
Desantes (Eds.), Springer-Verlag, 2004

Coghe A. and Araneo L., (2004) “Effect of injectisinategy and fuel pressure on Diesel spray pdrmtra
Application to HCCI Engines”, 26Task Leaders Meeting, IEA Combustion Agreement,usti@2-25, Helsinki,
Finland.
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Spray Chamber

Schlieren images of evaporating sprays,
from a multi-hole high-pressure injector
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Conclusions

Combustion will remain a fundamental research subject, at least in
the medium-term, to help

 mitigation of CO, emissions

» exploration of alternative fuels

» mitigation of pollutant emissions (NOx and PM)
» development of new combustion strategies

» development of advanced injection systems.
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