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Diesdl fuel quality and particle emissions

» Heavy-duty diesal engine tests - SMPS
Euroll 6 L & 10L engines
o Light-duty diesel post-96 & post-2000 cars - SMPS
Common Rail D3 technologies
e Total number measurements - UPM (Ultrafine Particle Monitor)

Euro Il technologies
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Diesel Fuel properties

LSD ULSD SCl N RME
Sulphur 350 45 5 10 5
(Ppm wt)
. 840 834 815 810 880
Density
(kg/ms) 50 55 53 71 52
Cetane No.
25 28 4 1 0
Aromatics
(% wt) 330 332 270 350 345
T90
e
Commercial Fuels Test Fuels

LSD = Low Sulphur Diesel EU 1996-2000 specs
ULSD = Ultra Low Sulphur Diesel UK specs
SCI = Swedish Class |

N = High Naphthenic content fuel
RME = Rapeseed Methyl Ester
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HD Particle Number & Massranking ordersare different
RME > Swedish Class| >96 LSD
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Heavy-duty diesel engine: Total Particle No.
6L Euro Il engine, EU R49 cycle, SMIPS> 14 nm
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HD Particle number distribution: Major peak at 60-80 nm

AGO fuelsaresmilar - RME producesmore smaller (<30nm) particles

Particle concentration [#/cm3]
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HD Lower sizelimit increases numbers 2-4x
no. ranking order changed, now 96 L SD > Swedish Class|
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HD Particle Numbers- Isthedistribution bimodal?
RME produces more smaller particlesat ~10 nm but lessat ~70 nm
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HD Bimodal particle no. distribution clearer
major peak at 9 nm - what isthe end of the measurement range?
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Heavy-duty diesel engine
6L Euro Il engine, Mode 3 of EU R49 cycle, SVIPS> 7 nm
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Similar Fud Effectsin HD 10 L engine

exhaust sampled via dilution tunnéel

AGO fuelsaresmilar - RME produces more smaller (<30nm) particles

Particle concentration [#/cc]
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Fuel DifferencesChangeduring Test Cycle

Car A: 2.2L European Common Rail DI, Post 2000
"City diesel fuels' (Cold Start MVEG 111) 100 nm

e | J|_SD — SC 1 RME = (rive cycle (4ECE+EUDC)
8.00E+04 160
o  7-00E+04 + ULSD highest throughout + 140
O
@ 6.00E+04 { T 120
o .
= >00E+047 5 | lowest at cold start RME lowest in EUDC A | 100
Q  4.00E+04 + ] + 80
o rJ | =
S 3.00E+04 1 fo Bt el 60 =
S P
2.00E+04 - ALY M) T 40
1.00E+04 - - 20
| 0

400 600 800 1000 1200
European ECE+EUDC Cycle

Shell Global Solutions 8/8/2000 OP.00.42181



Highest emissionsat lowest speeds.
Fuel ranking varieswith speed

Post 2000 Car B : Total number of particleskm
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AGOssimilar in Post 2000 Car - single peak at 100nm

Particles [#/sec]
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Post 2000 Car A common-rail car:

Total particle no./km
Fuel ranking varies with speed, but RME low & ULSD high
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Ultrafine Particle Monitor (CNC) - all particles> ~4nm?
detects mor e particles (~5x) than SMPS

4.00E+07 T

Particle conc. [#/cm3]

1.00E+07 +

ne

0.00E+00

3.00E+07 +

2.00E+07 +

i

UPM

Ll

I

idle

15(1st)

32(2nd)  50(4th)  70(5th)  100(5th)

speeds (kph) + gear

Shell Global Solutions

120(5th)

8/8/2000 OP.00.42181



Particlesper km (#km)

Fuel ranking changes at different steady states
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Conclusions

Particulate size & numbersof AGO diesdl fuessimilar

except RME which gives more nanoparticles<15 nm
but less particlesin the 50-100 nm range

Trends between fuels affected by
operating conditions (e.g. engine speed)
bimodal distribution
Size range measured, sampling methods, instrumentation

Definition of minimum “particle” size needed beforereal progresscan
be made
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