
SELECTION OF FUEL TO OPTIMIZE THE OPERATING RANGE AND
MINIMIZE EXHAUST  EMISSIONS OF AN HCCI ENGINE 5
Related Application This Application is related to and
takes priority from US Serial No. 111407,525,  filed
an 20 April 2006 (20/412006). 30 Technical Field The
present disclosure is broadly related to methods for
controlling the operation  of internal combustion
engines, and is more particularly directed toward
methods for  selecting a fuel for optimizing the
control of the operation of homogeneous charge 15
compression ignition (HCCI) engines. Backeround
Internal-combustion engines fall into four categories,
defined by the amount of  20 mixing in the air/fuel
charge and how the charge is ignited. In a standard
gasoline engine air and fael are promixed into a
well-mixed charge that is ignited with a spark. In a
standard diesel engine fuel is sprayed into the
cylinder during the piston's compression  stroke. Air
and fuel are not well mbzed when the rising
temperature from compression  induces burning, In the
homogenous charge compression ignition (.HCCI) engine
air and 25 fuel are viell mixed before self-ignition
due to compression. In an HCCI engine the air and  1 0
WO 2007/123832 PCT/US2007/008825  fuel can be premixed
as in a gasoline engine or fuel can be directly
injected like a diesel  but earlier to allow better
air/fuel mixing before ignition. Better air/fuel
mixing produces  much lower NOx and PM emissions
compared to standard diesel combustion where rich
fuel/air pockets lead to soot formation, and flame
surrounding the injected fuel leads to 



5 high NOx. HCCI has better fuel economy than a
gasoline engine because there is no  throttling, and
because higher compression ratios can be used. The
main challenges for HCCI are both too rapid
combustion, and lack of a  triggering ignition event.
Once the temperature in the HCCI engine cylinder is
sufficiently  10 high, the premixed air/fuel mixture
combusts rapidly. If combustion is too rapid then high
pressure rise rates can occur causing excessive noise
and potential engine damage. The  lack of an ignition
triggering event makes it more difficult to control an
HCCI engine. In a  gasoline engine a spark triggers
ignition, while in a diesel engine fuel injected into
hot  compressed air triggers ignition. These measures
cannot be used to control ignition timing  15 and
duration in an HCCI engine. Another challenge for HCCI
engines is their limited load range caused by the use
of high excess air/fuel ratios and/or high EGR rates
to control combustion phasing,  cylinder pressure,
rate of cylinder pressure rise and/or NOx emissions.
20 Currently, some of the challenges facing HCCI
engines include:  Limited load range; Lack of
universal, yet practical, measures of ignition quality
of HCCI fuels; and  Excessive particulate/smoke
emissions during operation on diesel boiling range  25
fuels, especially at high engine loads. 2 WO
2007/123832 PCT/US2007/008825  HCCI technology is
still at a relatively early stage of development, yet
holds great promise due to its excellent exhaust
emission and fuel efficiency characteristics.
Different  versions/configurations of HCCI engines are
being developed worldwide. Their 



5 commercialization has been held back mainly by the
challenges of this technology,  including limited load
range, difficulties in controlling combustion phasing
and excessive  heat release rates. In order to address
some of these challenges and opportunities related  to
HCCI, Caterpillar has entered into a cooperative
research and development agreement  with ExxonMobil
Corporation, since the Fall of 2002. This disclosure
is a result of their  10 joint work. In the following
disclosure, diesel fuel is defined as a mixture of
hydrocarbons  which boil at atmospheric pressure over
a temperature range within about 150C to 380C,
whereas gasoline is defined as a mixture of
hydrocarbons which boil at atmospheric 15 pressure
over a temperature range within about 25C to 220C.
HCCI engines are operated at high air/fuel ratios
and/or high EGR rates for the  purpose of controlling
combustion phasing, peak cylinder pressure, rate of
cylinder  pressure rise and/or NOx emissions. This
restricts the amount of fuel that can be burned in 20
the course of an engine cycle and thus limits the
maximum achievable engine loads. For  example, HCCI
engines operated on a typical 45 cetane number US
diesel fuel can  produce, at most, only 1/3 of the
load attainable by comparable diesel engines, if the
comparison is made at the same diesel-like compression
ratio. 3 WO 2007/123832 PCT/US2007/008825  Summary of
The Disclosure An aspect of the disclosure is a method
for selecting a fuel from amongst a  plurality of
fuels, for optimizing the operation of an HCCI engine.
The method includes  5 the steps of determining a
derived cetane number (DCN) in accordance with ASTM
method D6890 for a plurality of liquid
hydrocarbon-based fuel formulas to be tested, to  



permit said fuels to be evaluated on the same scale;
testing said plurality of fuel formulas  to determine
the autoignition properties of each relative to their
respective DCN; and  matching the fuel ignitability of
the tested ones of said plurality of fuel formulas
with the 10 compression ratio (CR) of said HCCI
engine, to determine the fuel formula enabling said
engine to operate at the highest load and over the
broadest load range, at a given CR.  Another aspect of
the disclosure is a method for selecting a fuel
formula for a plurality of HCCI engines. The method
includes the steps of testing a plurality of fuels to
15 determine the ignitability of each; and running
each of said plurality of HCCI engines on  each one of
the tested said plurality of fuel formulas to
determine for each engine of a  given CR the fuel
formula that maximizes the load capability and load
range thereof. 20 Brief Description of The Drawings
Various embodiments of the present disclosure are
described with reference to the  drawings, in which
like items are identified by the same reference
designation, wherein:  4 WO 2007/123832
PCT/US20071008821  Figure 1 shows a block schematic
diagram of the selection of test fuels to evaluate the
impact of fuel ignitability, chemistry, and volatility
upon the operation of HCCI  engines; 5 Figure 2 is a
table showing the properties of gasoline fuels tested;
Figure 3 is a table showing the properties of diesel
fuels tested; Figure 4 is a table showing the
specifications of a single-cylinder direct injection
10 (DI) HCCI engine used in testing various fuels;
Figure 5 shows maximum and minimum achievable brake
mean effective pressure  in kilo Pascals (BMEP kPa) or
engine load versus Derived Cetane Number at 1200 rpm,



and best fit curves for maximum and minimum achievable
load are also shown; 15 Figure 6 shows maximum and
minimum achievable Brake Mean Engine Pressure  in kilo
Pascals (BMEP kPa) or engine load versus Derived
Cetane Number at 1800 rpm,  and best fit curves for
maximum and minimum achievable load are also shown; 20
Figure 7 shows, curves for maximum and minimum
achievable engine loads versus  Derived Cetane Number
at different engine compression ratios; Figure 8 shows
curves of (R+M}/2 and Cetane Number versus Derived
Cetane  Number; 25 5 WO 2007/123832 PCT/US2007/008825
Figure 9 shows curves for Smoke in Bosch Smoke Units
(BSU) versus engine load (BMEP/kPa) for high aromatics
diesel fuel, low aromatics diesel fuel, high aromatics
gasoline fuel, and low aromatics gasoline fuel, at
1200 rpm; 5 Figure 10 shows smoke versus engine load
for high aromatics diesel fuel, low  aromatics diesel
fuel, high aromatics gasoline fuel, and low aromatics
gasoline fuel,  respectively, at 1800 rpm; Figure 11
shows a table of the fuel series encountered in the
curves of Figures 9  10 and 10; and Figure 12 is a
table showing average smoke data relative to the fuel
series tested.  Detailed Description 15 The use of a
single parameter to characterize ignition quality of a
wide range of fuels  



including both gasoline and diesel will benefit fuel
suppliers, engine manufacturers, and  the end users.
Tests conducted by the inventors have demonstrated
that liquid,  hydrocarbon based fuels which have the
same derived cetanc number determined 20 according to
ASTM method D6890 exhibit the same autoignition
properties in the DI  HCCI engine and enable HCCI
operation up to the same maximum loads and over the
same load ranges irrespective of their boiling range
and hydrocarbon makeup. Derived  cetane number by ASTM
method D6890 is therefore proposed as a universal
measure of  autoignitability for both gasoline and
diesel fuel used in DI HCCI engines. Although DI 25
HCCI is described herein in more detail in relation to
the disclosure, it should be  6 WO 20071123832
PCT/US2007/008825  understood that other types of HCCI
engines (non-direct injection) may be utilized with
the present disclosure to achieve similar results.
Further, it should be understood that the  terms DI
HCCI or HCCI may be used interchangeably to describe
any such HCCI engine.  5 Low-aromatic gasoline boiling
range fuels emit essentially no smoke over the  whole
engine operating range, while high-aromatic gasoline
emits small amounts of  smoke at medium and heavy
loads. Diesel boiling range fuels were found to emit
significant amounts of smoke at high loads, and near
stoichiometric operating conditions. 10 In addition,
an increase in the aromatic content of the fuel was
shown to increase smoke  emissions when the engine was
operated on either diesel fuel or gasoline. Since a
significant reduction of smoke emissions may eliminate
the need for a particulate filter, or  at least enable
the use of a lower efficiency filter, a method of
controlling smoke  emissions from DI HCCI engines is
proposed which requires that such engines be fueled 



15 with diesel fuel or gasoline where the aromatics
content of the fuel is controlled below  designated
limits. Fuel effects on DI HCCI engine performance has
demonstrated that the highest  maximum loads and the
broadest load range can be realized through matching
of ignition  20 quality of the fuel with the
compression ratio of the engine, and that a wide range
of fuel chemistries can be used to achieve a broad
range of engine operating loads. The test fuels  were
carefully designed to evaluate the impact of fuel
ignitability, chemistry, and volatility  on HCCI
engine operation as shown in the pie charts of Figure
1. Derived cetane number  (DCN) was used as an
ignability parameter. Fuels with high DCN ignite
easily while fuels 25 with low DCN are more resistant
to ignition. The test fuels spanned a wide range of
fuel  7 WO 2007/123532 PCT/US2007/008825
ignitability, chemistry and volatility. Two volatility
ranges were evaluated: high volatility  fuels 4 and 8,
in the gasoline boiling-range, and lower volatility
fuels 2, 6, and 16,  respectively, in the diesel
boiling range. Within each volatility range, two fuel
composition  series were constructed with high
aromatics and low aromatics content. Finally there
were 5 two levels of ignitability, fuel 16 with high
DCN and fuels 2, 4, 8 and 6 with low DCN.  More
specifically, in the "Lower DCN" range, diesel fuel 2
has a higher aromatic content  10, and lower paraffin
content 14, compared to gasoline fuel 4. Fuel 16
represents an  average US diesel fuel, having nearly
equal naphthene 12, aromatic 10, and paraffin  content
14. Test fuel composition varies significantly with
derived cetane number, 10 volatility and aromatic
content. The aromatic species in the more volatile
fuels have one  ring and short paraffinic side-chains,
while the aromatics in the less volatile fuels have
1-3  rings and longer side-chains. Similarly the
paraffinic species vary in molecular size and  



branching. The fractions labeled 12 are primarily
naphthenes in diesel and are olefins and  naphthenes
in gasoline. All of these factors can influence fuel
chemistry and ignition. 15 The test fuel properties
are provided in tables shown in Figures 2 and 3, for
gasoline fuels and diesel fuels, respectively. The
fuels in Figures 2 and 3 correspond to the  fuel
experimental design depicted in Figure 1. For example,
with reference to Figure 2, a  series of gasoline fuel
compositions G11, G12, and G13 were developed that
each 20 correspond to a fuel composition generally
designated by reference numeral 8 in Figure 1.  In
some cases series of fuels were developed to test
smaller variations in composition and  ignitability,
generally designated as fuel compositions, 2, 6, and 8
in Figure 1. Gasoline  fuel composition G23 is related
to the generally designated fuel composition 4 of
Figure 1.  Similarly, with reference to Figure 3, a
series of diesel fuel compositions D12, D12-C, and 25
DI5 were developed that. correspond to generally
designated fuel compositions 2 of Figure  8 WO
2007/123832 PCT/US2007/008825  1. Diesel fuel
compositions D13 and D13-B were developed that
correspond to generally  designated fuel composition 6
of Figure 1. Also, diesel fuel composition D14
corresponds  to generally designated fuel composition
16 of Figure 1. The derived cetane number  (DCN) of
diesel fuels ranged from 23.4 to 45.0 and aromatic
content from 13.9 to 65.4%, 5 as shown in Figure 3. As
shown in Figure 2, the derived octane number of
gasolines  ranged from 27.2 to 32.4, and (R+M)/2
octane number from 62.5 to 80.7, where the  aromatic
content was essentially identical (about 13%) for
fuels G11, G12, and G13, but  considerably higher
(35.6%) for gasoline fuel composition G23. The
respective distillation  properties of test gasolines
and diesel fuels were closely matched. Accordingly,
the 



10 present inventors discovered that derived cetane
number is a useful parameter to rate fuel
ignitability because both gasoline and diesel fuels
can be evaluated on the same scale.  The fuels
described in Figures 1 through 3 provide a broad range
of fuel chemistry with ignitability as determined by
DCN that is intermediate between commercial gasoline
15 and diesel. As illustrated in Figure 1, the
variation in volatility, ignitability and aromatic
content have a significant impact on the nature of
fuel compounds within broad  compositional classes.
For instance as shown in Figure I increasing
volatility decreases  the size of paraffin molecules
and reduces the length of paraffin side chains on
aromatic  molecules. Therefore the range of fuel
composition is even broader than that described by 20
the compositional variables Figures 2 and 3. Providing
equivalent ignitability across this  broad
compositional range using wide-boiling fuels was an
important component of the  testing. A single-cylinder
DI HCCI engine was used in these tests. Its
specification is  25 provided in the table shown in
Figure 4. For the compression ratio used in this 9 WO
2007/123832 PCT/QS2007/008825  investigation, the
brake mean effective pressure (BMEP) targets
established for this engine  equaled 1600 kPa at 1200
rpm and 1400 kPa at 1800 rpm. The peak cylinder
pressure and  the rate of cylinder pressure rise were
limited at 18 mega Pascals (MPa) and 3 MPa/degree
crank angle, respectively. The coefficient of
variation of indicated mean effective 5 pressure
(IMEP) was limited at 5%. As shown in Figures 5 and 6,
both the maximum and the minimum achievable  engine
load curves 18, 20, respectively, increased as the
derived cetane number of the fuel  was reduced, for
the fuels tested with DCN > 27. Notably, the maximum
achievable 



10 engine load increased at a faster rate resulting in
widening of the engine's load range. At  1200 rpm, as
shown in Figure 5, achieving the target BMEP level of
1600 kPa required the  use of a fuel whose derived
cetane number was equal to or lower than about 28. At
1800  rpm, as shown in Figure 6, attaining the target
BMEP level of 1400 kPa required the use of  a fuel
whose derived cetane number was equal to or lower than
about 32. ne increase in 15 maximum achievable load
relative to operation on a typical US diesel fuel
(fuel D14, DCN  = 45) was 60% (from about 1000 kPa to
1600 kPa) at 1200 rpm, and 40% (from about  1000 kPa
to 1400 kPa) at 1800 rpm. At the same time, the load
range increased by 55%  (firm 760 kPa to 1180 kPa) at
1200 rpm, and by 25% (from 840 kPa to 1050 kPa) at
1800  rpm. 20 Stable combustion could only be achieved
using diesel fuel D15 (DCN = 23.4)  under one set of
speed/load conditions, i.e., 1200 rpm and 600 kPa
BMEP, indicating that  a minimum DCN limit exists for
successful HCCI operation (at least for diesel fuels)
under the experimental conditions tested. It would be
expected that a similar minimum 10 WO 2007/123832
PCUUS2007/008825  DCN limit would also apply for a
speed of 1800 rpm, as outlined in Figure 6, since 1800
rpm would represent more severe operating conditions.
Reduction of fuel ignitability enabled higher load
levels in the DI HCCI engine  5 (for DCN > 27) due to
decreased need for EGR (exhaust gas recirculation) to
control  combustion phasing, thus making it possible
to increase the amount of air in the cylinder  charge.
As a consequence, more fuel can be injected into the
cylinder resulting in an  increase of engine output.
The minimum achievable engine loads increased with the



reduction in fuel ignitability due to the increase in
engine fueling which, together with 10 retarded
injection timing, was needed to ensure that the start
of combustion occurred  approximately at the TDC (top
dead center) position of the piston and that NOx
emissions  were kept within acceptable limits. As
Figures 5 and 6 demonstrate, fuel ignitability can be
matched to the 15 compression ratio of the DI HCCI
engine to achieve the highest loads and the broadest
HCCI load range. It is anticipated that with the
change of compression ratio, the optimum  fuel
ignitability requirements will also shift, as shown
schematically in Figure 7, but that  the principle of
establishing those requirements will remain the same.
In Figure 7,  maximum achievable load curves 22, 24,
and 26 are shown for engine compression ratios 20 CRl,
CR2, and CR3, respectively. Also, in Figure 7, minimum
achievable load curves 28,  30, and 32 are shown for
compression ratios CRl, CR2, and CR3, respectively. It
is worth  noting that while DCN was used in Figures 5,
6, and 7 to characterize ignition quality of  the
fuels, other measures of fuel ignitability, such as
octane number or cetane number, can  also be used.
However, in a preferred embodiment, a wide variety of
liquid hydrocarbon 25 based fuels including diesel
and/or gasoline fuel formulations, each having their
fuel  II WO 2007/123832 PCT/US2007/008825
ignitability measured via a DCN, are arranged in a
table identifying each fuel formulation,  its DCN, and
the compression ratio of a DI HCCI engine for which
each fuel formulation  provides optimum high engine
load and load range. 5 In summary, one embodiment of
this disclosure defines a method for matching the
compression ratio and fuel ignitability requirements
of DI HCCI engines for the purpose  of increasing the
maximum loads they can produce and maximizing the load
range over  



which HCCI operation is possible. Fuels with reduced
ignitability compared to typical US  diesel allow
higher engine compression ratios and more efficient
operation. As a 10 consequence, the unique fuel
efficiency and exhaust emissions benefits of DI HCCI
technology can be utilized to the greatest extent and
with maximum efficiency. The results depicted in
Figures 5 and 6 were obtained with fuels encompassing
a  broad range of fuel chemistry and volatility. High
engine loads were achieved with fuels  15 using either
low or high boiling range and with fuel aromatic
content that varied from 12.7 to 65.4%. This
demonstrates that a wide range of fuel composition and
volatility can be  utilized to achieve high engine
loads. It should be noted that ASTM Method D6890
entitled "Standard Test Method for  20 Determination
of Ignition Delay and Derived Cetane Number (DCN) of
Diesel Fuel Oils  by Combustion in a Constant Volume
Chamber" covers DCN range of 33 to 60, for which  its
precision is defined. However, the equation which is
used in this method to calculate  DCN from ignition
delay data was originally developed using fuels
ranging in DCN from  0 to 100. In addition, this
method does not apply to gasoline boiling range fuels,
even 25 though its calibration fuels fall within that
range. Irrespective of these limitations and for  12
WO 2007/123832 PCT/US2007/008825  the purpose of this
disclosure, test methodology defined in ASTM method
D6890 is  applied both to gasoline and diesel boiling
range fuels, over DCN range of 0 to 100. DI HCCI
engines can be operated on a wide range of
hydrocarbon-based liquid fuels 5 ranging from gasoline
to diesel fuel. In current practice, several
parameters are used to  characterize ignition quality
of these fuels, e.g. motor octane number, research
octane  number and cetane number. Furthermore, octane
number and cetane number rating  



methods are not applicable to fuels spanning wide
ignition quality and distillation ranges.  For
example, gasolines are generally too resistant to
autoignition to have their cetane 10 number measured
according to ASTM method D613. Diesel fuels are not
volatile enough  to have their octane numbers measured
according to ASTM methods D2699 and D2700.  Note that
the relatively new ASTM method D6890 can be applied to
fuels covering wide  ignition quality and distillation
ranges, providing a method of evaluating the ignition
quality of gasoline and diesel fuels. Figure 8 which
shows the relationships between 15 (R+M)/2 octane
number (where R and M are ASTM D2699 research and ASTM
D2700  motor octane numbers, respectively) and ASTM
D6890 derived cetane number, and  between ASTM D613
cetane number and ASTM D6890 derived cetane number for
a  variety of gasoline and diesel boiling range fuels.
20 Figure 8 shows that a relationship can be
established between DCN and (R+M)/2  octane, and
between cetane number and DCN. Additional
relationships can also be  established between RON,
MON and DCN using other functional forms. These
ignition  parameters, cetane number, RON, MON and
(R+M)/2 or functional combinations of these
parameters can also be used to match fuel ignitability
with engine compression ratio. 25 13 WO 20071123832
PCVUS2007/00882  Notably, tests have demonstrated that
liquid, hydrocarbon based fuels which have the same
derived cetane number determined according to ASTM
method D6890 exhibit  the same autoignition properties
in the DI HCCI engine and enable HCCI operation up to
the same maximum loads and over the same load ranges
irrespective of their boiling range  5 and hydrocarbon
makeup. This assertion is illustrated in Figures 5 and
6 for four 



gasolines and six diesel fuels whose properties are
provided in the tables of Figures 2, and  3,
respectively. As previously mentioned, the use of a
single parameter to characterize ignition  10 quality
of a wide range of fuels will benefit fuel suppliers,
manufacturers of DI HCCI  engines as well as the end
users. Through use of this parameter, fuels for DI
HCCI  engines can now be rated in the same instrument,
according to the same test method and  used
interchangeably based on their DCN, as long as the
associated engines are designed  to accommodate other
properties of these fuels. The use of a single test
methodology will 15 simplify and reduce the cost of
fuel development, DI HCCI engine development as well
as  fuel and engine quality control. Accordingly,
derived cetane number by ASTM method  D6890 is
therefore proposed as a universal measure of
autoignitability for both gasoline  and middle
distillate boiling range fuels used in DI HCCI
engines. Figure 8 shows curve  34 for cetane number,
and curve 36 for (R+M)12, versus derived cetane
number, 20 respectively. Exhaust particulate (smoke)
is considered a pollutant, and its emissions are
regulated in many countries. Particulate emission
standards are becoming increasingly  stringent,
necessitating the use of expensive particulate filters
which also cause fuel 25 efficiency losses. It is
therefore advantageous to reduce engine-out emissions
of exhaust  14 WO 2007/123832 PCT/US20071008825
particulate to eliminate the need for these devices or
enable the use of less costly, lower  efficiency
filters. As previously indicated, testing performed in
a DI HCCI engine has demonstrated  5 that low-aromatic
gasoline emits essentially no smoke over the whole
engine operating  



range, while high-aromatic gasoline emits small
amounts of smoke at medium and heavy  loads. Diesel
fuel was found to emit significant amounts of smoke at
high loads and at  near stoichiometric operating
conditions. In addition, an increase in the aromatic
content  of diesel fuel was shown to increase smoke
emissions at medium and heavy loads. These 10
observations are illustrated in Figure 9 (1200 rpm)
and Figure 10 (1800 rpm) for several of  the gasolines
and diesel fuels listed in the tables of Figures 2 and
3, respectively. The  smoke data in Figures 9 and 10
are plotted according to fuel type (diesel or
gasoline) and  relative aromatics content (high or
low). In each of Figures 9 and 10, fitted curves 38,
40,  42, and 44 represent high aromatics diesel, low
aromatics diesel, high aromatics gasoline, 15 and low
aromatics gasoline, respectively The fuels included in
each series of data are  listed in the table shown in
Figure 11, along with the series average aromatic
content.  Average smoke data was calculated for each
series of fuels as shown in the table of Figure  12,
in which the average smoke number is tabulated for
light loads (taken to be <_ 600 kPa  BMEP), medium
loads (600 kPa < BMEP < 1200 kPa), and heavy loads
(BMEP > 1200 20 kPa), for speeds of 1200 rpm and 1800
rpm. In view of these results, a method of controlling
particulate emissions from DI  HCCI engines is
proposed which requires that such engines be fueled
with diesel fuel or  gasoline of controlled aromatics
content. In the case of diesel boiling range fuel, it
has 25 been determined that the aromatic content
should be lower than 60 wt.%, preferably lower  15 WO
2007/123832 PCVUS2007/008821  than 40 wt.%, and more
preferably lower than 20 wt.%. In the case of gasoline
boiling  range fuel, the aromatic content should be
less than 40 wt.%, and preferably less than 20  wt.%. 



5 Although various embodiments of the disclosure have
been shown and described,  they are not meant to be
limiting. Those of sldll in the art may recognize
certain  modifications to these embodiments, which
modifications are meant to be covered by the  spirit
of the appended claims. 16 Claims:  1. A method for
selecting a fuel formulation from amongst a plurality
of fuel formulations,  for optimizing the operation of
an HCCI engine, comprising the steps of: providing
said plurality of fuel formulations including both
gasoline fuel formulations  and diesel fuel
formulations for testing; determining a derived cetane
number (DCN) in accordance with ASTM method D6890  as
a universal measure of autoignitability for each of
said plurality of fuel formulations for use in  said
HCCI engine, to permit said fuel formulations, to be
evaluated on the same scale; testing said plurality of
fuel formulations to determine the autoignition
properties of  each relative to their respective DCN;
and matching the fuel ignitability of the tested ones
of said plurality of fuel formulations  with the
compression ratio (CR) of said HCCI engine, to
determine the fuel formulation enabling  said engine
to operate at the highest load and over the broadest
load range, at a given CR. 2. The method of claim 1,
further including controlling particulate emissions
from said  HCCI engine by making the aromatic content
of diesel boiling range fuels less than 60 wt. %. 3.
The method of claim 1, further including controlling
particulate emissions from said  HCCI engine by making
the aromatic content of diesel boiling range fuels
less than 40 wt. %. 4. The method of claim 1, further
including controlling particulate emissions from said
HCCI engine by making the aromatic content of diesel
boiling range fuels less than 20 wt. %. 



5. The method of claim ]further including controlling
particulate emissions from said  HCCI engine by making
the aromatic content of gasoline boiling range fuels
less than 40 wt. %.  6. The method of claim 1, further
including controlling particulate emissions from said
HCCI engine by making the aromatic content of gasoline
boiling range fuels less than 20 wt. %.  7. The method
of claim 1, wherein in said determining step the
plurality of fuel  formulations have DCN numbers
ranging from 0 to 100. 8. The method of claim 1,
wherein said diesel fuel formulations have a DCN range
from  23.4 to 45.0, respectively. 17 9. The method of
claim 8, wherein said diesel fuel formulations have an
aromatic content  ranging from 13.9% to 65.4%. 10. The
method of claim 1, wherein said gasoline fuel
formulations have a DCN range from  27.2 to 32.4. 11.
The method of claim 10, wherein said gasoline fuel
formulations have an aromatic  content ranging from
12.7% to 35.6%. 12. The method of claim 1, further
including the steps of: running a plurality HOCI
engines of different CR, each with said plurality of
fuel  formulations; determining for each said engine
the fuel formulation DCN that provides the highest
load over the broadest load range; and tabulating the
results of said determining step to match the CR of
each of said plurality  of HCCI engines with the
optional fuel formulation DCN, thereby facilitating
later selection by  DCN of a fuel formulation for
optimizing operation of a DI HOCI engine having a
particular CR.  13. The method of claim 1, further
including the step of. establishing a relationship
between  



the derived cetane numbers and (R+M)/2 octane. 14. The
method of claim 1, further including the step of.
establishing a relationship between  derived cetane
numbers and cetane. 15. The method of claim 1, wherein
said diesel fuel formulations are selected from a
group  consisting of formulations having a DCN range
from 23.4 to 45, equivalent to a cetane number  range
from 19.4 to 45.9, an aromatic content ranging from
13.9% to 65.4%, and combinations  thereof. 16. The
method of claim I, wherein said gasoline fuel
formulations are selected from a  group consisting of
formulations having a DCN range from 27.2 to 32.4,
equivalent to an  (R+M)/2 octane range from 62.5 to
80.7, an aromatics content of 12.7% to 35.6%, a
paraffin  content range from 60.3% to 79.3%, and
combinations thereof. 18  17. The method of claim 1,
further including: said diesel fuel formulations being
selected  from a group consisting of formulations
having a DCN range from 23.4 to 45, equivalent to a
cetane number range from 19.4 to 45.9, an aromatic
content ranging from 13.9% to 65.4%, and  combinations
thereof; and said gasoline fuel formulations being
selected from a group consisting  of formulations
having a DCN range from 27.2 to 32.4, equivalent to an
(R+M)/2octane range  from 62.5 to 80.7, an aromatics
content of 12.7% to 35.6%, a paraffin content range
from 60.3 to  79.3, and combinations thereof. 18. The
method of claim 1, wherein the HOCI engine includes
direct injection. 19. A method for selecting a fuel
formulation for a plurality of HCCI engines,
comprising  the steps of: identifying each one of a
plurality of fuel formulations by a derived cetane
number  (DCN) determined in accordance with ASTM
method D6890, wherein said plurality of fuel  



formulations include both diesel fuel formulations and
gasoline fuel formulations; testing said plurality of
fuel formulations to determine the ignitability of
each; and  running each of said plurality of HCCI
engines on each one of the tested said plurality  of
fuel formulations to determine or match for each
engine of a given compression ratio (CR) the  fuel
formulation that maximizes the load capability and
load range thereof 20. The method of claim 19, further
including the step of tabulating the results of said
running step for future reference in selecting a fuel
formulation for a HCCI engine. 21. The method of claim
19, further including the step of tabulating the DCN
numbers of  said plurality of fuel formulations
matched to the CR of said plurality of each of said DI
HCCI  engines, respectively, for optimizing the
operation thereof, thereby facilitating the future
selection of a fuel formulation to run a given DI HCCI
engine. 22. The method of claim 19, further including
controlling particulate emissions from said  DI HCCI
engine by making the aromatic content of diesel
boiling range fuels less than 60 wt. %.  23. The
method of claim 19, further including controlling
particulate emissions from said  DI HCCI engine by
making the aromatic content of gasoline boiling range
fuels less than 40 wt. 19 0 24. The method of claim
19, wherein in said identifying step the plurality of
fuel  formulations have DCN numbers ranging from 0 to
100. 25. The method of claim 19, wherein said diesel
fuel formulations have a DCN range from  23.4 to 45.0,
respectively. 26. The method of claim 25, wherein said
diesel fuel formulations have an aromatic content
ranging from 13.9% to 65.4/x. 27. The method of claim
19, wherein said gasoline fuel formulations have a DCN
range  from 27.2 to 32.4. 



28. The method of claim 27, wherein said gasoline fuel
formulations have an aromatic  content ranging from
12.7% to 35.6%. 29. The method of claim 19, wherein
the HCCI engine includes direct injection. 30. The
method of claim 20, further including the step of
identifying each one of said  plurality of fuel
formulations by an (R+M)/2 octane number. 31. The
method of claim 20, further including the step of
identifying each one of said  plurality of fuel
formulations by a cetane number. 32. The method of
claim 21, further including the step of establishing a
relationship  between the derived cetane numbers and
(R+M)/2 octane. 33. The method of claim 21, further
including the step of: establishing a relationship
between derived cetane numbers and cetane. 34. The
method of claim 19, wherein said diesel fuel
formulations are selected from a group  consisting of
formulations having a DCN range from 23.4 to 45,
equivalent to a cetane number  range from 19.4 to
45.9, an aromatic content ranging from 13.9% to
65.4/x, and combinations  thereof. 20 35. The method
of claim 19, wherein said gasoline fuel formulations
are selected from a  group consisting of formulations
having a DCN range from 27.2 to 32.4, equivalent to an
(R+M)/2 octane range from 62.5 to 80.7, an aromatics
content of 12.7% to 35.6%, a paraffin  content range
from 60.3% to 79.3%, and combinations thereof. 36. The
method of claim 19, further including: said diesel
fuel formulations being selected  from a group
consisting of formulations having a DCN range from
23.4 to 45, equivalent to a  cetane number range from
19.4 to 45.9, an aromatic content ranging from 13.9%
to 65.4%, and  combinations thereof, and said gasoline
fuel formulations being selected from a group
consisting  



of formulations having a DCN range from 27.2 to 32.4,
equivalent to an (R+M)/2 octane range  from 62.5 to
80.7, an aromatics content of 12.7% to 35.6%, a
paraffin content range from 60.3%  to 79.3/x, and
combinations thereof. 21 


