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e PM10 - goes till lungs

e PM2.5 - goes all over body
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Comprehensive investigation on the contribution of the lubricating oil on
particle emissions from a DI hydrogen fueled engine

‘Chemical analysis}

Speed/Load 'l'

}Size/Number‘ l }SOF/Soot‘

Environmental
Conditions
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Compression ratio 9

1
Max power [kW] 7.9 @ 5000 rpm

Max torque [Nm] 14.7 @ 5000 rpm

Oil Properties
Viscosity 10W-40

Density @ 20°C
Viscosity @ 40 °C 101.7 mm?/s
Viscosity @ 100 °C
Viscosity index
Pour point
TEN
Flash pornt
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Engine [Throttle SOI DOI SOS A imep |COV imep
speed |opening [cad | [cad] | [cad] [-] [bar] [%]
[rpm] [%] | BTDC]

2000 rpom -LL| 2000 15 -270 170 7.0 1.6 4.0 1.0
2000 rpom -HL| 2000 95 -260 225 11.6 1.5 5.5 1.2
3000 rom -LL| 3000 15 -270 260 13.7 1.5 4.3 1.5
3000 rom -HL| 3000 95 -352 240 10 1.6 5.7 1.6

Urban & Extra Urban driving conditions

Environmental Conditions
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Raman Spectroscopy:

Soot Structure

Extraction
and
filtration

solution
solutlon

N-MP
solution

Liquid-Liquid
Extraction

Gas Chromatography - Mass Spectrometry
(GC-MS):
Aromatic & Aliphatic species with MW<300u

UV-Visible adsorption:
Light & Heavy Aromatic Compound

UV-Visible Fluorescence:
Light & Heavy PAH Characterization

Size Exclusion Chromatography (SEC)
Particle & Molecular Species

MW distribution



Consiglio Nazionale delle Ricerche

@STEMS Experimental Results: NUmber — -

Istituto di Scienze e Tecnologie
per I'Energia e la Mobilita Sostenibili

3.0x10° 5.0x10" - (- 1.5x10’
) 2000 rpm - LL 7w>m _LL)— 3000 rpm - HL

1 4.0x10" — _ —1.2x107
2.0x10% — _ ] | i L
o 1 [
2'3.0x10 9.0x10°
) o
# i i #
l S2.0x10" — ~6.0x10° &

1.0x10° — | i
1.0x107 — u ‘ l 4 \ — 3.0x10°
120

Np [#/cm3]

0.0x10° T T T T T ] T T T T T 1 T T T [ T ] T 0.0x10° T 0.0x10°
0 25 560 75 100 125 150 175 200 225 250 275 300 0 150 180 210 240 270 300
Time [s] Time [s]

PN Intensity and Frequency changes with speed & load

Lower load:

Higher speed: :
Larger PN -Oil Pool Larger Pl

Tess time b y -Expansion of Negligible effect on
the rings fluctuaton frequency [
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Low Load High Speed

More oil in the

Worse ™ combustion

. Higher . . .

ring seal chamber - Film oil burning
a Temperature

Lo Enhanced

Temperature ] Larger Higher =

partic (;S particles Frequency of More oil in the
\ growt oil pool combustion

formation
Worse More
evaporation particles

formation

chamber

Depression downstream a More oil in the

of the valves combustion chamber
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Experimental Results: SOF Analysjs= -
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Soot is comparable in terms of nanostructures to a
mature soot having low hydrogen content and a
relatively high extension of the aromatic plane

500 1000 1500 2000 2500 3000 3500
Raman shift, cm™
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Higher presence of PAH species in the increases the formation of nucleated

SOF samples at 3000 rpm —LL particles that rapidly grow and
coagulate to form larger aggregates 16
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» Physical and chemical analysis of PM emitted from a DISI Hydrogen fueled engine was
performed.

» Not negligible particle emissions were found at the exhaust.

» PN fluctuation can be ascribed at the presence of oil pool that burns periodically.

» Particle number and size varies with speed and load: increase with speed and decrease with
load.

» PAH were found at all engine conditions: lighter species were more abundant at 3000-LL and
heavier species were more abundant at 2000-LL.

» Soot was collected on the filter only at high engine speed.
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Particles can be due to:
-the incomplete combustion of the organic components in the lubricating oil;
-the breakdown of the carbon.

The different behavior (N, Dp, SOF, Soot) with speed and load can be ascribed to the different
environmental conditions encountered by the oil in the combustion chamber.

Proper optimization of

the oil formulation Understand the mechanisms of

oil transformation, as oxidation
and dissociation, leading to the

Use of specific After- particle formation
Treatment Devices

Atmospheric

&
Soil Pollution
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Incomplete combustion of the organic components in the lubricating oil and the
breakdown of the carbon can be responsible for PM.

At 2000 rpm-LL aromatic species with more than 7 rings are present but their
concentration and the experienced temperature are not enough to convert them in soot.

The different behavior with load at 2000 and 3000 rpm can be ascribed to the different
environmental conditions encountered by the oil in the combustion chamber

Proper optimization of Understand the mechanisms of
Particles due to the lube oil: the oil formulation oil transformation, as oxidation

Atmospheric & and dissociation, leading to the

Soil Pollution Use of specific After- particle formation
Treatment Devices
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Low Load High Speed

More oil in the

Worst ﬁ combustion

ring seal chamber

- g

100%
Lower

Temperature 90%
80%

More oil in the
combustion

70% chamber
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30%

Depression downstream 20%
of the valves
10%

0%
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Soot is comparable in terms of nanostructures to a
mature soot having low hydrogen content and a
relatively high extension of the aromatic plane

Size of the Aromatic Layer Length
1(D)/I(G) 0.95
corresponding to an aromatic length of 1.23 nm
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Raman shift, cm™
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