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Ship Diesel Engine

U:

ULTRHAS

Description / Value

Basics CR Injection
4 stroke Diesel
Distillate, HFO, other

Charge air compression External
Charge air pressure Variable 1...4 bar
Rated speed 1’500 rpm
Rated power 80 kW

Bore / Stroke 150 mm /180 mm
Engine displacement 3.21
Compression ratio Variable (13...16)
Max. injection pressure 1’600 bar
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Ship Diesel Engine operating conditions

U:

ULTRHAS

- Ship diesel engine with two different fuels, Marine Gas Oil (0.015 %S)
and Heavy Fuel Oil (0,5 % S), running with Iso cycle 8178 E2
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D
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i
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time (min)

- Aging of exhaust emission aerosols with an oxidator flow tube
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Setup of instruments

ULTRHAS

Raw exhaust
7-wavelength aethalometers
Pre-cyclone ’
| Porous tube diluter \
' "I Ejector diluter
(DR 1:100) Ejector diluter
(DR 1:10, optional) AE33 (UEF
Heated line e i Il SM P% g—(i:MGU)
port |—————= s O =
. i TEM sampling \
_/ \ PIMS (REMPI/SPI-TOF & orbitrap) \
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3 I—l . .
PEAR ?. Xport — | =S TEOH Particle Sizer
FMPS
Primary > ALI2
B 2 % ALI3 [« AMS (1:3 dilution, DR optional) — Ae rOSOI Mass
L PTR »[ ROS, OP SMPS spectrometer
Research marine engine {% _= »| Filter sampling
80 kW, 4-stroke, single-cylinder) VOC sampling . .
( . o . T ATOF O3 denuder (for aged emissions) _ . | UV-visabsorption
fRey - 1 I — .|| Aged emissions filter spectroscopy
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H,O PAX 870
d9-butanol LII 300 . .
Laser-induced incandescence (LII)
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Setup of particle sampling

ULTRHAS |
Marine Gas Oil | Heavy Fuel Qil
MGO HFO

1200 mm

UV light
(254 nm)

O3 + UV (254nm) — O ('D) + O,
O (‘D) + H,O —20H

890 mm

Particle sampling
- 47mm quartz

fiber filters
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Instrumentation
for physical
particle
characterization

472 mm
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Particle size distributions
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Particle mass and number emission

urers  factors
Particle mass is
doubled upon aging
Fuel Mass Emission Factor Fresh | Mass Emission Factor Aged
[8/kg] [8/ks]
MGO 0.31 £ 0.03 0.65+ 0.04
HFO 0.87 £ 0.06 1.98 £ 0.2
Fuel Total Number Emission | Total Number For MGO, total particle number
Factor Fresh [#/kg] Emission Factor Aged increases10-fold upon aging.
[#/kgl
MGO 49 .10+ 4.8 -1013 5.2 - 105+ 6.1 -104 For HFO, total particle number
HFO 3.2-10'% + 7.6 -10* 6.3-10% +7.8-10* IS doubled upon aging.
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Black Carbon in Fresh Particles

ULTRHAS

2
15 }
Heavy fuel oil exhibits the E;
. o 1
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of black carbon particles
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AMMS data

ULTRHAS

Fresh exhaust

Aged exhaust

German Research Center for Environmental Health
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Alkane content of particles HFO (GC/MS)

HFO [ug/kg fuel]

ULTRHAS
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E:  Alkane content of particles MGO
ULTR 'AS (G C/N\S) MGO [ug/kg fuel]
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PAH content of fresh particles (GC/MS

HFO (black)
MGO ( )
120.0 Fresh particles [pug/kg fuel]
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U:  PAHcontentof particles (GCXGC/MS)

ULTRHAS

Thermal

_I desorption

o0
— %
GCxGC ion source time of flight

mass analyzer

Separation of
substances by
volatility+polarity
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PAH content of particles (GCXxGC/MS)

ULTRHAS

Derivatization using MSTFA
MSTFA = N-Methyl-N-(trimethylsilyl)trifluoracetamid

F F
F F
- ?Hs CH,4 -
~CHj é °CH
- 3
O H3 @) CH3 o)
éHs Also R-NH,, R-COOH, éHa
R-SH
Trimethylsilyl (TMS) N-Methyltrifluoracetamide
derivative(s) (MTFA)
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U: PAH content of fresh particles (GCXGC-
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PAH content of aged particles

ULTRHAS
Relative decay of Relative decay of
benzo[b,k]fluoranthene in HFO benzo[b,k]fluoranthene in MGO
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WMetal content of particles (ICP-MS)

Metals [pg/kg fuel]
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Summary and Outlook

U LTRHAS

* Aging of exhaust aerosol from ship diesel engine combustion
has a significant impact on physical metrics of particles.

* Investigated chemical content is very different between MGO and HFO fuel
and is also changed by aging.

 Combination with toxicological data will follow.

* Other sources have been investigated (brake wear particles, passenger cars)
Talks of Johannes Becker and Carsten Neukirchen on Wednesday
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The consortium

ULTRHAS
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