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Fuel Effects on Particulate Emissionsfrom D.l. Engine
Part 2. Relationships between Fuel Properties and Particulate Emissions

Tadao Ogawa
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Abstract

Hydrocarbons in a diesel fuel, the backend fraction,
exhaust gas, and the particulate ( PM ) were analyzed.
It was found that hydrocarbons in exhaust gas
corresponded to those in the fuel and that the
hydrocarbons in PM corresponded to those in the
backend fraction. That is, the high boiling point
fraction of unburnt fuel was found to correspond to the
hydrocarbons in PM or SOF.

Using a set of emission data from a D.I. diesel
engine supplied with 9 fuels, the changes in ISF or
SOF with changes in engine conditions were
determined. SOF, whose main components stemmed
from the high boiling point fraction of unburnt fuel,
was found to be in a trade-off relation with ISF,
formed by carbonization of fuel.

ooooo

An indicator estimating PM : Ry;0% (C/H)410, Which
was found from the above results and the analytical
results of a diesel fuel ( cf. Part 1), showed high
determination coefficients against PM emissions
obtained under low- and medium-load conditions.
Here, Ry is the backend fraction at a distillation
temperature of 310°C, and (C/H)s, is the C/H ratio of
the fraction.

Linear regression analyses using Ry and (C/H)34
or (C/H)+qta, Which shows the C/H ratio of the whole
fuel, were performed. Regression formulas with
(C/H)1ot Were found to show higher correlation
coefficients for the particulate emissions obtained
under various engine conditions than the formula with
(C/H)310-
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Table. 1 Fuel parameters determined so far.

Physical properties
Ref.No. Year Dens. Visc. Ty Tso Too
* * * *

R(BEF) C.N.
1979 >> *

2 >>
3 1981 > >> >>
4 1982 ? >
5 1984 > >>
6 1985 * - >
7 1986 >> > >>
23 1987 >
1 1988 >

25 1988

9 1988 > > >
8 1988
24 1989
10 1989 >? * >>
20 1991 * >
11 1992 * *
12 1992 >>? >

26 1992 >>> > - -
13 1992 >> >>
14 1992 > > >
21 1992 - - >
15 1993 >> > > -
16 1993 >>> > S
17 1993 >> >(Tgs) >

18 1994 >

19 1994 > >

22 1994 >> > *
27 1995 >> > >
28 1995 "

>>>: Proposed, >>: Strong effect, >: Narrow effect, *: Determined
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Chemical propertis ( Composition)
Arom. Ring-A DBE C/H

Sqtty  Regression equation etc. R2
* PM=aeTgy+beA+cC 0.814

PM=as Rgyo+ be A +c 0.967
>> PM=as Ty +beA+c 091

Arom.= Aromatic C(%)
Arom. VS. PM

>> Svs. PM
>
> Carbon No. vs. PM
>> PM=asTg+beA+c S 0.76 0 0.88

>> >>> > IS=DBE x Wt (DBE>1)
Structure of Aroma
>>? Std. Dev. of Distill.

> D<0.86

>> >
>> >>>

>> >>?

>> >

HD & LD
>>
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Fig. 1 Sampler for exhaust gas and particul ate.

Table 2 Properties of test fuels.

TD1

TD2 TD3 TD4 TD5 TD6 TD7 TD8 TD10

good

ooooooon

ooooooood item Unit
000000000 Densty kg/m® 0.830
U0TeODODODODODO  Cetane Index 54
ogooooooood (ASTM '66)
0009000000C  Viscosity mm?s 2.863

goooooooon

OO0 Table20 00O Sulfur Content

Total Aromatics vol.% 24.6
wt.% 0.05

0.826 0.826 0.818 0.832 0.828 0.822 0.814 0.807
54 54 54 58 58 61 61 58

2635 3.041 2445 3341 3158 3509 2.853 2.290
254 169 151 246 244 164 139 142
005 005 005 005 005 005 0.05 0.02
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