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Concern over particulate matter emissions from automotive engines has been expressed for
decades [1]. This has lead to the introduction of both mass and number-based emissions limits
for Diesel vehicles in the European Union; direct-injection petrol engines have now also had a
particle number limit set, and it is likely that all automotive internal combustion engines will be
subject to particle mass and number limits in the future. These limits have necessitated (or will
necessitate) the implementation of measures aimed at reducing particle emissions, through
changes to the calibration, fuel injectors, etc; and by implementing filtration devices (Diesel
particulate filters, Gasoline particulate filters). The direct injection concept exhibits better fuel
consumption and this engine type will eventually come to dominate park-ignited automotive
engines. Ambitious targets for the implementation of biofuels in the European Union are slowly
changing the composition of both petrol and Diesel fuels used in the EU, with impacts on
particle emissions. Thus, investigations into the effect of ethanol blends on direct injection
engines are of great importance for the future. A series of experiments was performed to
determine the impact of fuel ethanol content and ambient temperature on particle number and
mass emissions from a European gasoline vehicle featuring a direct injection engine. Testing
was performed according to the EU legislative test procedure, over the New European Driving
Cycle, using a chassis dynamometer, foil-backed TX40 filters for quantification of particle mass
and a PMP-compliant particle counting system for quantification of particle number emissions.
Tests were performed using ethanol blends E5 (i.e. 5% ethanol by volume), E10, E25 and E50
at both temperatures currently specified for S| vehicles in EU legislation: +24 °C and -7 °C.
Figures 1la and 1b present particle mean number and mass emissions results obtained for the
various petrol-ethanol blends.
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Figure 1 — a) particle mass (PM) emissions obtained Figure 1 —b) particle humber (PN) emissions obtained
over the NEDC at +24 °C and -7 °C for various ethanol over the NEDC at +24 °C and -7 °C for various ethanol
blends blends

Usage of an oxygenated fuel is generally thought to improve the combustion process and
reduce particulate emissions. However, despite the increased oxygen content of the fuel,
higher ethanol blends showed decreases in particle number and mass emissions which ranged
from small to non-existent. The E10 and E50 blends performed well at the lower test
temperature regarding their mass emissions, but showed no real advantage in terms of number
emissions. Regarding comparison to the legislative limits, which are mandated for a 20-30 °C
ambient temperature, the mass limit was fulfilled for all fuel blends; the phase-in particle number



limit was just met for all blends, but the long-term limit of 6.00E11 #/km was exceeded for every
fuel blend.

In line with previous examinations (e.qg. [2,3]), the semi-log space created by co-plotting particle
mass emissions (linear scale) and particle humber emissions (logl0 scale) was employed.
While the two metrics are not directly comparable, as they measure somewhat different
aspects, graphical and numerical explorations of the relationship between particle mass and
number can be informative for a variety of reasons, both theoretical and practical [1]. Figure 2
presents particle number emissions plotted as a function of particle mass emissions, alongside
the future legislative limits.
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Figure 2 — a semi-log plot of particle number and mass results from one direct injection vehicle tested over the
NEDC, with ethanol blends E5 to E50. Raw results (from both phases of the cycle) are presented in comparison to
the EU legislative limits

The trendline’s y intercept value was found to of a similar order of magnitude to the gradient,
and thus the trendline was not forced through the origin. The observed PN/PM gradient is
reasonably close to previously reported correlations for Diesel vehicles (with DPFs) [e.g. 2], but
the large y-intercept value implies the presence of large numbers of particles of almost zero
mass, in contrast to correlations observed for Diesel engines (with a DPF). Possible reasons
include the physicochemical parameters of the two fuels — and the impact this has on the
relative sizes of the volatile and non-volatile particle fractions, the presence or absence of a
particulate filter, injection pressure, combustion temperature, etc. Fuel ethanol content was
observed to correlate only weakly with PN/PM ratio (Figure 3), as previously reported in another
study [3]. Further testing would be necessary to definitely determine the existence of a
correlation between fuel ethanol content and this metric. In order to determine the nature of the
response of PM and PN emissions to the ethanol content of the fuel blend, it would be
necessary to conduct further testing with a greater number of ethanol blends of low and
moderate ethanol content. Additionally, in order to further understand the effect of ambient
temperature, tests could be conducted at temperatures between the two mandated EU test
temperatures.
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Figure 3 — The ratio of PN to PM results obtained at 24°C for various ethanol blends

Considering the concurrent trends of increasing interest in direct injection petrol engines and
increasing concern over particle number and surface area, research in this area remains an
intriguing necessity. Since usage of both ethanol and direct injection engines will increase in
the future, the subject addressed in this research is of considerable interest regarding future
emissions scenarios. Likewise, further investigations into the relative merits of each particulate
matter metric (mass, number, size distribution, effective surface area) and their reliability and
relevance to real world emissions are paramount.
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Background: ethanol as an automotive fuel:
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Direct Injection Spark Ignition (DISI) engine

The major advantages of a
DISIL engine are increased

fuel'efficiency and high- -

power output
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Background: Example emissions
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Source: Bielaczyc P., Szczotka A.,
Pajdowski P. EAEC Conference 2001
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Backeround: Filter overview
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Filters with particulate matters from NEDC cycle for different types of vehicles
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Filters with particulate matters from first 195 s of NEDC cycle for different types of vehicles

Source: Bielaczyc P., Szczotka A.,
Pajdowski P. EAEC Conference 2001
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Experimental Details : test

Schemati¢ diagram of BOSMAL’s emissions measurement setup, as used to
measure emissions from the test vehieles

B G’ s M A L Automotive Research & Development Institute Ltd — Euro 5/6 / SULEV Emission Laboratory
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Experimental Details : test facility

BOSMAL’s chmate controlled test chamber
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Experimental Details: Ve

Vehicle type Passenger car
Emission Standard: Euro 5
Engine capacity [dm3] Approx. 1.4
Max. Power [kw] 67
Max. Torque [Nm] 200

Aftertreatment system

Close Coupled TWC

o

A=1
(stoichiometric)
Spray guided Wall guided
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R_gg“l"‘“: PM & PN during the NEDC
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Results: PN/PM ratios for the UDC and EUDC
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» No obvious correlation observed between ethanol content and the PN/PM ratio
* Very low repeatability
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Resul;_sﬁ_;gPM & PN during the NEDC at -7 °C
NEDC
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Results: Temperature influence for E5

Particle concentration [#/cm?]
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Results: Temperature influence for E10
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» Differences all but disappear after around 650 seconds
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Results: Temperature influence for E50

Particle concentration [#/cm?3]

1.00E+12

1.00E+11 -

1.00E+10 -

1.00E+09 -

1.00E+08 -

1.00E+07 -

1.00E+06

- 140
—EB0 (24 deg C)
\ g~/

——E50 (-7 deg C)

——Vehicle speed
- 120

h 100
|

- 60

- 40

- 20

0 200

x 1 0
400 600 800 1000 1200

Time[s]

» Significantly higher'eémission at -7 °C for idling and transients up to around 400 seconds
o Surprisingly, emission at -7 °C in fact lower foaf‘!ome portions of the cycle (550-900 seconds)

Vehicle speed [km/h]

G'p.*%!

BOSMAL

P. Bielaczyc 25% June 2012 16t ETH-Conference

26






N /

nr\ n111n1. ot f-i n\
LOINCIUSIONS \1/2)

At 24 °C, PN emissions were high, but were (just) under
the upcommg 11m1t of 6.00E12 #/km for all test fuels.
PM emiissions were all well under the DISI limit.

Emissions of PN and PM increased substantially at -7 °C,

but the difference varied w1th thesethanol content of the
fuel.

Possible " ‘reasons include = the @ physicochemical
parameters of the two fuels — and the impactithis has on
the relative sizes of the volatile and non-volatile particle
fractions, catalyst light-off time and the oxidation of
particles in‘the TWC.
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While considerable variation “was observed, fuel
ethanol: content 'was, ‘'observed. to correlate only
weakly with the PN/PM ratio.” Thegesults suggest
that large numbers of particlesyof negligible mass
were emitted.

qum’rp the increased oxveen content of'the fuel.

hlgher ethanol: blends showed limited |to non-
existent deereases in particle number and mass
emissions, although»the E50 blend did appear to
perform well.
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