SELECTI ON OF FUEL TO OPTI M ZE THE OPERATI NG RANGE AND
M N M ZE EXHAUST EM SSI ONS OF AN HCCI ENG NE 5
Rel at ed Application This Application is related to and
takes priority fromUS Serial No. 111407,525, filed
an 20 April 2006 (20/412006). 30 Technical Field The
present disclosure is broadly related to nethods for
controlling the operation of internal conbustion
engines, and is nore particularly directed toward

met hods for selecting a fuel for optimzing the
control of the operation of honbgeneous charge 15
conpression ignition (HCCI) engi nes. Backeround

I nt ernal - conbustion engines fall into four categories,
defeareaN by FUBE TQPIMIZD THE DBERAKNG RANGEIAND MINIMIZE EXHAUST
charge and how t hEMIFPNS OF ANHIH ENGINE n a st andard
gasoline engine air and fael are prom xed into a
wel | -m xed charge that is ignited with a spark. In a
standard di esel engine fuel is sprayed into the

gyl inder during the pist&gedampisstionsion stroke. Air
and fuel are not well nbzed when the rising
tenperature from conpression induces burning, In the
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are viell m xed before self-ignition

duefilbDorMYR 380Qo/4booan HCCl engine the air and 1 0
WD 2007/ 123832 PCT/ US2007/ 008825 fuel can be prem xed
as in a gasoline engine or fuel can be directly
injected like a diesel but earlier to allow better
"Qir/fuel mixing before igdetmisalfidtter air/fue

m xi ng produces mnuch | ower NOx and PM eni ssions
conpared to standard di esel conbustion where rich
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of internal combustion engines, and is more particularly direcied toward methods for

selecting a fuel for optimizing the control of the operation of homogeneous charge

compression igeition (HCCI) engines.

Background

Internal-combustion engines &l into four categories, defined by the amounnt of
mixing in the aiv/fuel charge and how the charge is ignited. Tn a stendard gasoline engins
air and fuel are premixed into a well-mixed charge that is ignited with a spask. Ina
standard diesel engine fusl is sprayed into the cylinder during the pision’s compression
stroke. Air and fuel are not well mixed when the rising temperature from compression
indnces burning. In the homogenous charge compression ignition (HCCI) engine air and

fuel are well mixed before self-ignition due to compression. In an HCCI engine the air and
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5 high NOx. HCCl has better fuel econony than a
gasol i ne engi ne because there is no throttling, and
because hi gher conpression ratios can be used. The

Wil 200¥133k enges for HCCl are both too rapid PCT/US2007/008825
conbustion, and lack of a triggering ignition event.
Once the tenperature in the HCCl engine cylinder is
sufficiently 10 high, the prem xed air/fuel mxture
conbusts rapidly. If conbustion is too rapid then high
pressur.e rise rates _can 0cc sin XC | IS

D RIST S 08 fried R TR B s of Qe el AT IMCEEAN Senel
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engine. In a gasoline engine a spark triggers
| gHuch loWer NORiah@ PMendissibing 86hpaedib B@ndauPdiede ¢obustibnivwhe rich
hot conpressed air triggers ignition. These neasures
C firlrait pxiets d@d td @otHnhativh, ang filate ewnrdundng the ifiéctaifdel leads to
dur-ation in an HCCl engine. Another challenge for HCCI
e high iNGx. HECT e Yetter fagltceenomydbpnyagasading sugiechepanse fhere ko
of high excess air/fuel ratios and/or high EGR rates
t Geitiner 3d beeser ighes FomTESion 42tos ean bk pressure,
rate of cylinder pressure rise and/or NOXx em ssions.
20 Currently, sone of the chall enges facing HCCI
engl Negpd 19911‘1 Uﬁa@l;engeg lfdpl-f a}éﬁ% 1o %ﬁi coﬁﬁ&ioﬂf and lack of a
uni versal, yet practical, measures of i1gnition quality
Otridgefihg ihi@ibS evert) Oncdike GapeMBudmlthd BOCPdn@ing BPlikfder is sufficiently
em ssi ons during operation on diesel boiling range 25
f highsthe pepivckd airlfyel atixtiveghmbusgs ragid lyoli dembidtiMOs too rapid then high
2007/ 123832 PCT/ US2007/008825 HCCI technology is
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I'ng 0 eir
compressed air triggers ignition. These measures cannot be used fo control ignition timing

and duration in an HCCI engine.

Ancther 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.

Currently, some of the challenges facing HCCI engine§ 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

fuels, especially at high engine loads.
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5 commerci al i zati on has been held back mainly by the
chal | enges of this technology, including limted |oad
range, difficulties in controlling conbustion phasing
WOR0Ee3sssi ve heat release rates. In order POI/HEPEAYES2S
some of these chall enges and opportunities related to
HCCl, Caterpillar has entered into a cooperative
research and devel opnent agreenment w th ExxonMobi
Corporation, since the Fall of 2002. This disclosure

is aresult of their 10 joint work. In the foll ow ng

di scl osure, diesel fuel is defined as a m xture of

hydr o

A S T S T
WERhARHuE BR dxBfttehfexlst AithiciSan AR ¥rbichcyQharacteristics. Different
hydr ocar bons whi ch boil at atnospheric 15 pressure

OV@kioms/doafRRitaink bEHCENGRinss 8 ibing Beldlopdbiotdwidel Oleir

HCCl engines are operated at high air/fuel ratios
acmhiroercializatiofr R beed kdd bagk ntalirdy bypihe plgdlengsf ofltbis techidlogyy
conbusti on phasi ng, eak cylinder pressure, rate of
cipeludinglimitsd doad gange, IB?FGP sentroliing epmbustiemhhasiyp pad excessive

et ey an&éﬁfg? bt T e SRR %3{053%?\1@%&52 relatod
”%’&—k&z‘ﬁh%{% 1 %ﬁ% e%te%l’gikngea cogﬁ@eg%gr E g%archezfﬁa e n@qtgreement

engl nes op on a ane nu

divaf %&xérﬂ\ﬂbll@ﬂporﬂfdﬁdéiﬁ%aﬂlé’liall'mﬂ)oz Phik Mlséll)s%r@ig alkrdd81t of their
| oad attai nabl e by conparable di esel engines, if the

ciimardarieon i s made at the sanme diesel-1ike conpression
rati o. 3 WD 2007/123832 PCT/ US2007/ 008825 Summary of
The Di scl osure An aspect of the disclosure is a nethod
for selecting a fuel fromanongst a _ plurality of

f u el s, Inftay follgj ipalisplagire. Kiesdl fest &tqeﬁ’f*ﬁdd‘f; 2 gHxtpgect hfipgaphons

thod i nc udes 5 the steps of deter o
R e ?ﬂﬁﬂﬁ%ﬂfufeemf PR R BERRAp R ATEfo 350°C,
e erga 3%98 %%Q as e z’gla%l Lcl&f hg&ro%d tgqglk g«hlch boil at atmosphenc

hydroc uel Tormul e tested,
pressure over a temperature range within about 25°C to 220°C.

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
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.
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permt said fuels to be evaluated on the sanme scal e;
testing said plurality of fuel fornmulas to determ ne
the autoignition properties of each relative to their
wesperissse DCN;, and matching the fuel ignit&6T10B2097/¢98825
the tested ones of said plurality of fuel fornulas

wth the 10 conpression ratio (CR) of said HCC

engi ne, to deternmine the fuel formula enabling said
engine to operate at the highest |oad and over the

br oadest | oad range, gt a gi%ig gﬁl Another aspect of
the disclosure is a g g a fue
formula for a plurality of HCCl engines. The net hod

|01 UO0S, ohfae R Pechlonde 304 0@ RRLMRh | HooPhorh b £

15 determne the ignitability of each runni ng
eghitalith oS fukl, ot optindizihy the bpdrhifdn dfagﬁm e@me GRE e irRfudes
the tested said plurality of fuel formulas to

d ebeestenis 0€ dftgmigarhdaivgd prtanefnumberd DCRN irGidcdriiacé with ASTM
formula that nmaxim zes the | oad capability and | oad

r arileodt PGSR &ir 2 phiality pElquitbisdroptbpirhased fithiermplag o hg tested, to
Vari ous .epbodi ments of the present dlsclosure ar

d PERRF BTG {5 P B £ (e SHps alecfe g ﬁagg plupalis g formutas

ld Iel;g?g for té( e 1e the a%%mgc% pr];p ?{g‘iﬁﬁ\f 5?53.}?1 gg% Eir respec%ve DCN; and
P_QJA&&%?&QZ &Q*%@%&Lllnﬂﬁus Rstdd SR WPsath ,_Ihl,aﬁt% of ARPIRRIES yith the

di agram of the selection of test fuels t0 evaluate the

| rRAptes@bn AHSICR)PRbAi@BIOOL biging REdebhing thedFd forlRlcnbbling said
upon the operation of HCCl engines; 5 Figure 2 is a

t alokige whapeiaregat the digheo pewdtahd even thepamdest lvad faned, 8t 4 giedncCR.
Figure 3 is a table showi ng the properties of diese

fuels tested; Figure 4 is a table show ng the
speC|f|cat|ons of _a single-cylinder dlrectgﬁF%ection

10 ( DI )"‘“PEEEEI “%%?%6 Hecdepurers ¢ metet) §°’\§%IF‘1“8% fqrgula for a
hq:Y ]pf REOVS ngmes | T me%ﬂod mf(lu s aSSe S PF te%% Rﬁ%g)seofofPels to

've=pressure in

e rag{eﬁﬁmla %an\fﬁﬁlﬁ%f D@Jh'; Xlﬁgm(ﬂ\ﬂﬁg’i&gh Mnﬁﬁurgﬁty sPHect Pines on

each one of the tested said plurality of fuel formulas to determine for each engine of a

o

given CR the fuel fonmula that maximizes the load capability and load range thereof.

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:
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and best fit curves for maxi mum and m ni nrum achi evabl e

| oad are al so shown; 15 Figure 6 shows naxi mum and

m ni mum achi evabl e Brake Mean Engi ne Pressure in kilo

wazeelig3s§BVEP kPa) or engi ne | oad ver sus DerPaEgS2007/008825

Cet ane Nunmber at 1800 rpm and best fit curves for

maxi mum and m ni num achi evabl e | oad are al so shown; 20

Figure 7 shows, curves for maxi mum and m ni num

achi evabl e engi ne | oads versus Derived Cetane Nunber

at different. engine.c ression ratios: Fiqure sho

cur vest gt ¢ IRy azg]%‘iﬁ%agﬁ ARG Fhe\?glla%tlfg%%ﬁeﬁ @’é%m evaluate
- 200

&L Hfacy SEHID agmtagu‘%eggh O@Sﬂa%ﬁﬁﬁéggé}g f@ﬁ%@%@@% ‘

Frgur cur noke 1 n e Units
(Beilesversus engine |oad (BMEP/ kPa) for high aromatics
di esel” fuel, |low aromatics diesel fuel, high aromatics

gasoline fuel, and |l ow aromatics gasoline fuel, at
1200 rpm 5 Figure 10 shows snoke versus engi ne | oad
f or hi¥jpuraR onatableshaiiesbt pfopeties df@asoliae brlstiesed; di esel
fuel, high aromatics gasoline fuel, and | ow aromatics
gasoline fuel, respectively, at 1800 rpm Figure 11

shows g tag! e of. the seri.es e,%%%gtered in the
! .

. fuel
cur vest e BiltRirRY S’@"W“i%‘iﬁﬁﬁ’pirﬁ?s % BED is a

tabl e showi ng average snoke data relative to the fuel
series tested. Detailed Description 15 The use of a

si ngl EriRRE 3984 ﬁﬁle%ﬁbﬁﬁ?@h@%e@iﬂcgﬁng g $ih A cHlirddd di¥ct@jeddion
wi de range of fuels

(DY) 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 1pm,

and best fit curves for maximum and minimum achievable load are also shown;

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;

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;



10

15

20

25

i ncluding both gasoline and diesel will benefit fue
suppliers, engine manufacturers, and the end users.
Tests conducted by the inventors have denonstrated
wbavo7leiged d, hydrocarbon based fuel s whi ch PENES20076008825
sanme derived cetanc nunber determ ned 20 according to
ASTM net hod D6890 exhibit the sane autoignition
properties in the DI HCCl engi ne and enabl e HCC
operation up to the same nmaxi num | oads and over the

sanme | gad ranges irrespective of their_boilj range,
and hyiiFBe 3FHOY W&femgmeé‘? §eb %%ﬁ@lﬁéﬁ}ggews %gmbad

9Q .1 her ef d A -
TSRO i o RS LRES R IRPRERAA% SuetHaf i BHromatics

ol gni asol 1 ne”an

di2SBle £1418na4e¢ drokddtidd a8t £RNQE 1508 mpefl t hough DI 25

I's described herein in nore detail in relation to
the disclosure, it should be 6 WO 20071123832
PCT/ US2007/ 008825 wunderstood that other types of HCC
engi neligifra 0N stebiws 8mbkd vires banghue) loavbfpr ligh srbinkticseiibselifedh, low
the present disclosure to achieve sim-lar results.
Feromiatigs, digsel fudlJugivarpmating gesolinoel enddew eramatipsgagalinpfuel,
HCCl or HCClI may be used interchangeably to describe
afffPetivaly- B¥00&RiBi ne. 5 Low aromatic gasoline boiling
range fuels emt essentially no snoke over the whole
engi ne operating range, while high-aromatic gasoline
enm ts sombh1 ANRALHIObt hSRBKEr@lenbBitttcrMiR B BRBVY Figures 9
| oads. esel boiling range fuels were found to emt
sh@nid keant anounts of snoke at high | oads, and near
stoichionetric operating conditions. 10 In addition,
an increase in the aromatic content of the fuel was
shown to increase snoke em ssions when the engine was
oper atBieure A2 isja thide showingvepgeimeke daia s:)#tvs do thaified gorigs tested.
significant reduction of snoke eni ssions nay elimnate
the need for a particulate filter, or at |east enable
the use of a lower eff

i Al fitter, a method of
control Il ing snoke en1s%g%%%&¥?%%% HCCl engines is

proposed which requires that such engi nes be fuel ed

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 cetane number determined
according to ASTM metﬁod 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

HCCI is described herein in more detail in relation to the disclosure, it should be
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15 with diesel fuel or gasoline where the aromatics
content of the fuel is controlled bel ow designated
limts. Fuel effects on DI HCCl engi ne performance has
veoreoers238at ed t hat the hi ghest maxi num | oadsP@HHS206{#008825
broadest | oad range can be realized through matching

of ignition 20 quality of the fuel with the
conpression ratio of the engine, and that a w de range
of fuel chem stries can be used to achieve a broad

range of engine operating |oads. The test fuels were
carefully designed to evaluate the inpact of fue

ieﬁxécietﬁgokc))lgl {éart é{b]ergtgpe'ergngf' hﬁl&l ot nrges t},'onadt&e%t ué]% tm{?{] ngLfC‘é:l '__utxhzed with
theggers ﬁf%%cl%%%%cﬁ%%ﬁﬂar&@g}g hﬁﬂgcﬁeruﬁ ﬁlsbe%derstood that the

i gn |ty paranmeter. Fuels wt ignit

easihb P WO 8r FIOE! Say2e Wed fhtdrébanddebly 8 @stibe any ﬁﬁh $ICT engine.
toignition. The test fuels spanned a w de range of

fuel 7 WO 2007/123532 PCT/ US2007/ 008825

ignitability, chemstry and volatility. Two volatility
range sLavenwmatiaaslinedoiling @inee Hielstemif essentifllyatosmokegpigr the

in the gasoline boiling-range, and | gwer volatilit

f trbple epgingopertine Fgee; §b’§&a¥%"9 gasoling qpits §may gpounts of
bOI L nﬂg P:‘eg'n Hgleand\ﬁ\éa lloadse ?ﬁgscyé)%l%&g%nléta%Jést\ﬁeqﬁfouﬂm eme{te l

serl e were cons

aglgmﬁhar& ﬁmams $f‘§¥‘{oﬁé LR 161, Ca% hen gmlcﬁio%ucxepwﬂgeconmons

were 5 two levels of ignitability, fuel 16 wth high

DeM difbnf dtihéreade indthe &oﬁ@tﬁt Sonithi JF theOwt] ¥aBlshowMab @hcrease smoke
speC|f|caIIy, in the "Lower DCN' range, diesel fuel 2
hasissiohs Wiartheanging wias opeatédont eithdGlieselrfelloogasplinpa Safck an
content 14, conpared to gasoline fuel 4. Fuel 16

r élsméismﬁ tesiugtion of srapkeganissione mey elfmingie fhe rﬁ%fwor]gpﬁ@caﬂqt«yﬁlten or

equal Bhthene 12, aro tic araf fi t ent
18t leaFé feffq usg S%ap‘B‘é’F‘t‘? greRey At t@’éa&*’gﬁﬁf’f@é‘ﬁf{l‘i}g wre
g{x]l%s\slg ds gaﬂ;] %rf %.dBf m e{e’s 18#3811})/0%L£ \Hucfe %}eéu@e@ Qhaff‘ gt%ﬁ%{:%lﬁes be fueled

e arorra nore vo

f U«%%xégé\f@el SPgasolfde %e@:rlﬁe a%fbaaﬁcs Ravtad bF Mk GucbisdBntied blow
e the aromatics in the less volatile fuels have

'1ﬂ§ﬂgﬁwa@§mgnd Ionger si de- chai ns. S|n1larly t he

paraffinic speC|es vary in nolecul ar size and

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
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

with low DCN are more resistant to ignition. The test fuels spanned a wide range of fuel
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branching. The fractions |abeled 12 are primarily

napht henes in diesel and are ol efins and naphthenes

in gasoline. Al of these factors can influence fue
Woea7823892 and i gnition. 15 The test fuel proPErv$2047/008825
are provided in tables shown in Figures 2 and 3, for
gasol ine fuels and diesel fuels, respectively. The

fuels in Figures 2 and 3 correspond to the fue
experimental design depicted in Figure 1. For exanple,
wth reference to Figure 2 .series of gasoline fuel ..
S, QRBIRt $Rd Y, T st e Vere SRt Rgh volettity
e Oy f. s I, Ll ral

QR o B fe e, EPIRRP WAy BERY! Gl 16,

S cBRIE $n #81die88 bBfling HAES WilifeAIR VOLARS thnké) tW& lel composition
smal l er variations in conposition and 1gnitability,

g edieE akde\conkmbgd avith High arciadts ama M0 siomatidiont2nt. Knallyikkr8were
in Figure 1. Gasoline fuel conposition &3 is related

t ovd leeslgefigriabiliyy, des i Gwidlk bigh DG anddrloidt § e &wit low DCN.
Figure 1. Simlarly, with reference to Fiqure 3, a

S T

%@eﬁﬁzﬂb’e@éﬁle glt?é’le E@Nﬁ BoRe-idissd fygl 2 hagymigher r@ﬁ’&ﬁ‘z“?ﬂt@m
Dl Vv .

oL e e erbtes SR B £°RE1 e
200 23032, P HEROGE RPBRRS o nenP' 855 and paratin

onmpositions evel'oped that
C Qb PR kst ReORRPORlidnvariBlesi AL S wit 8lrive@ BRARINLINGS, 6
of Figure 1. Al so, diesel fuel conposition D14
C Osla€iEp emb@omiti @aRet dht yrothatd gecit<id thaiadre @alatie fiels lave one
16 of Figure 1. The derived cetane nunber (DCN) of
drieg arid showt paraffimivgpidg-chaipmwhie theagmpSicOindbedessrvolatileifeels have 1-3
content from13.9 to 65.4% 5 as shown in Figure 3. As
s HBgiRnfl ferepigiflecehoins. (Sirilagly the pagetipic aprsicn vary &t mplecular size and

e T
N N R o

(35.6% for gasoline fuel conposition &Q3. The
respective distillation properties of test gasolines
and di Bgabst fiéepBpsiBésareprodaddyin tables Bitsvn iACXMEdi2ngl g, for

t he
gasoline fuels and diesel fuels, respectively. The fuels in Figures 2 and 3 comrespond 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
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

D15 were developed that correspond to generally designated fuel compositions 2 of Figure
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10 present inventors discovered that derived cetane
nunber is a useful paraneter to rate fue

ignitability because both gasoline and di esel fuels
veroya233al uated on the sane scale. The fuePGI/US2007/008825
described in Figures 1 through 3 provide a broad range

of fuel chemstry with ignitability as determ ned by

DCN that is internedi ate between conmmercial gasoline

15 and diesel. As illustrated in Figure 1, the

varjation . in volatility,..ignitability and aromatic

o bn Pl gyt da S e detsidhe i Srigman o goneratty
; i - . -
AR, b SRS, SRR Wb oGS it ormapeas
v d@héﬂal]} ezesfigg&wﬁép&mﬁwﬁmmz& rPRRE bVl Bt WhfBer

and reduces the length of paraffin side chains on

a(mOE} ofliesBlFh@C b @S, frohEY. £100158) dnll @roirafig Coridnt froifl13.9 to 65.4%,
conposition is even broader than that described by 20

t sreshownpoBigutie §n Als s iaFiguee FrithpudedgedZemnelm8nbePpfgaialingy
equi val en nitability across this broa

toi d
CORBELTIN GRAT° 72 e (RAVAEP 06 PHEPYT 98] Pocto SO ghegnhe
CFOREES S HE St Sedie (a0 sl Y, 613 s i b

S I S . . P
PRELELBAL o o e BLANLER0 Lipbliel OB re sl ptain
2BiQpériids3 T3kt gﬁaﬁ@m&m&aﬁewmﬁ? tdaftBbd. QRcorltilfly, the
brake nmean effective pressure (BMEP) targets

epiesdnk insracrs Bintoveleld thabdugivebcetame nadbet isl OBk Raamdterka Bt fuel
rpm and 1400 kPa at 1800 rpm The peak cyli nder

preaitahility bagatise hobegasaline awd diesp] fupld ean iraveivatedon the eanwarde.
limted at 18 nega Pascals (MPa) and 3 MrPa/ degree

crank angle, respectively. The coefficient of

vari at.i,0 f.indicated ne effectiy ressur .
(i) Tt st B Eds TRectieh Spievidk e ffimase of it phgmistey
both. g q i ; . .
R B A BB QU A L0 LA i
dgid di&€l. A8 tIRRRaa PR urdf, tHeR@riktitRlin viIBRiLy, AH#E Bty @ bromatic
the fuels tested with DCN > 27. Notably, the maximum
acditedy Bd¥e @ significant impact on the nature of fuel compounds within broad

compositional classes. For instance as shown in Figure 1 increasing volatility decreases
the size of paraffin molec;ules and reduces the length of paraffin side chains on aromatic
molecules. Therefore the range of fiuel composition is even broader than that described by
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

provided in the table shown in Figure 4. For the compression ratio used in this
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10 engine load increased at a faster rate resulting in
wi deni ng of the engine's |load range. At 1200 rpm as
shown in Figure 5, achieving the target BVEP | evel of
Wwo007kPs832 equi red the wuse of a fuel whose deeT/U$H07/008825
cetane nunber was equal to or |ower than about 28. At
1800 rpm as shown in Figure 6, attaining the target
BMEP | evel of 1400 kPa required the use of a fuel

whose derived cetane nunber was equal to or |ower than
about_32. ne_increase_in 15 maxi num achi evabl e |la

r BVeRtiEyony e Sk &FF‘b?ff“’SWed"?SWF SN Eetpes ot for tis engine
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t cTa Srpres S 1 (] a, egree
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12030k 5, reapeébtiboly.2Dhé c(of:ﬂf Qidhttof Qarkdion bOindidSEd HBa)et@itive
1800 rpm 20 Stabl e combustion could only be achi eved
uptesgreIER) whlghitddlB5%DCN = 23.4) under one set of
speed/l oad conditions, i.e., 1200 rpm and 600 kPa
BMVEP, indicatingthat amnimmDCN limt exists for

successf ul erat| | east for .diesel fu Js
under {*ﬁﬂm@’i‘&ﬁ’éﬁ R aRd g&?ﬂﬁg‘ the aximpmg apd fhe nppiniym gofyie

exﬁfﬁe@m !ed Lhat ég I m l a vefn {WC{/%SLQF(%Q thfasgr%gap Z:%ug‘r?e?r?u:?n er of the fuel

S%@féa@d‘ea %P&emieteﬁgd mﬁbmgdm oY fife n@vxm%dn'i‘%wl@cﬁ@

r pm woul d represent nore severe operating conditions.

'Reshisd lbainereaskdl gl a fagétirita bistitihy ineviadiigthfithedage's Radirange. At

|l evels in the DI HCCI engine 5 (for DCN > 27) due to
dé200epsee shewd irf BpurkGRchievihghs targrd BMER levd of §6003#) reguired the
control conbustion phasing, thus making it possible

t Bsej af @rfes) sdoserfleriyednsine UF“‘%&F was sfuglie otlpreniat aboe‘r?&r g*é 1800

T ARSI S B i e et BB 1571 O b e e of

T T L T AN B RIS P Y dAGar t@&d@w&ﬂﬁinea%%&tdsz"‘%b mEJ%%e in
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%

" (from 760 kPa to 1180 kPa) at 1200 pm, and by 25% (from 840 kPa to 1050 kPa) at 1800

Tpm.

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
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reduction in fuel ignitability due to the increase in
engi ne fueling which, together with 10 retarded
injection timng, was needed to ensure that the start

wi 200mibEs32 i on occurred approxi mately at thePTINTS20071)98825
dead center) position of the piston and that NOx

em ssions were kept within acceptable Iimts. As
Figures 5 and 6 denonstrate, fuel ignitability can be
mat ched to the 15 conpreSS|on ratio of the D

engi t o achi eve the hi ghe | oads and. t roa
BN &OP‘&ﬁ&@ oy e SR iﬂﬁ%e*a SSRGS Py PR, e 1800
Fg;?ﬁrx] N é)BI ltle res trrr?c?rg sg!greroﬁgra&)n% (%Oplglrlolgt i mum  fuel

requrrenen So shift, as shown
schenatlcally in Figure 7, but that the pr|n0|ple of
establishing those requirenents will remain the sane.
I n Fi gRédicton of TR lighitabiBghablaiighel adlletels itahe DPHC2Tengine
and 26 are shown for engine conpression ratios 20 CR,
Cidy Dand> TR3pe toakpeadei neddyfor BEHR (exhaust das gagirenlgtionjriorviontoh
achi evabl e | oad curves 28, 30, and 32 are shown for
c oppbistion phasing thusonakiyg, it mﬁble émiacreﬂs ﬂlerae@p}éfaf jairdn the cylinder
is, worth noting that while used |n65%%ures 5,

6 °haéﬁf'd A 4 PR TBTP S fagr?ﬁfwwdqata e cylipder respiging in 2
oSttt higes STpos ara e ity ABis iy ladajaSEl i te

HOVR Y 6y in 521 ?gnﬁmﬁﬁ e tﬁéﬁta&gas%gme ﬁmlq§ wmf, . tsgafhe@ fvith

I'iquid hydrocarbon™ 25 based fuels 1ncluding diesel

aRElAraEd BRSEEH theink,Ueds nbaledt akir® gt the e oNeib glicnlbeduired
fuel |1 WD 2007/123832 PCT/ US2007/ 008825 . -

i gpprosgilviatelyt at (HPEEMC (teyldesd aergerDENjtioa bEtha pistnged thatiN@x emissions
tabl e identifying each fuel fornmulation, its DCN, and

t eerckeppvislys pesapteble imitsf a DI HCCl engi ne for which

each fuel fornulation provides optinmm high engine

| oad and | oad range. 5 In summary, one enbodi nent of

this dIS Iosu e flnes t.hod f. chi t

conpr ess? G ét %ga RO ql&d l%nﬂz%gﬁ'cﬁg? E'atgllgerdetgnglﬁt s

ool oretégﬁ' rafi\GH (REBT OET thg%en& EAARIE the Hiphb A48 Shd e bibSest
max! rum | oads they can produce and maxi m zi ng the | oad

I AATYE 18A4Ghnge. 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
CR1, CR2, and CR3, respectively. Also, in Figure 7, minimum achievable load curves 28,
30, and 32 are shown for compression ratios CR1, 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

based fuels including diesel and/or gasoline fael formnlations, each having their fuel

11
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whi ch HCCl operation is possible. Fuels with reduced
ignitability conpared to typical US diesel allow

hi gher engi ne conpression ratios and nore efficient
woe20at/izess2 As a 10 consequence, the uni que f BEN/US2007/008825
efficiency and exhaust em ssions benefits of DI HCCI
technol ogy can be utilized to the greatest extent and

wi th maxi mum efficiency. The results depicted in

Figures 5 and 6 were obtained with fuels enconpassing

b d f fuel h d gh. .
Zf@w%%ﬁw%%é‘%%%?x@ayﬁﬁ S 1 b B i fogt fieson,
I b ,

c g\r,]vPQ',li\{ cg&f: cgrln 3ress *?“2’%% f%ﬁﬁ{(}%l eggmy f};r cﬂ %@Jhl fﬁel formulation

d Hgmﬁg g MNoAEarladOAE: f uel conposition and
volatl ?§ canE% mﬁﬁtlllzed tom%%hleve hi gh engi ne

| oads. It should be noted that ASTM Met hod D6890

entitled "Standard Test Method for 20 Determ nation

of | gnid suaimabg loay eraludinke bitdd dSelbane ddfimehemethDTy mafching the

Di esel Fuel G lIs "by Conbustion in a Constant Vol une

Claembpressionzaieanst fndignitabilie refuigmentyoffol HEGhenginetfer thietpsrpose
precisiqn is defined. However, the uati.qQn B

1 Qb EPoTeRSIRg: the meihBtionds they| oA Piadees SpRNAHFTAITS §h Iop gigee over

d %Jh?éfl }E’@cl':la p&ejﬁo Q r I sﬂ:gl llxle% l%l rotﬁlgg %a%ﬁll}?l Sdred to typical US

rangi ng
MRt BAG 160 S5nB N ADBbHprb Ric 28Rk aﬁtﬁmaelekﬁmt 5@;@@ o HEhS,
even 25 though r'ts ca ?lbratlon fuels fall within that
I 38 @Rquehéd, GRpmiub %Rl aficibit9aad bihgidt amhissioss Akt o DI HECI
WO 2007/ 123832 PCT/ US2007/ 008825 the purpose of this
ditsbhalsgyra@n be eslizedst the gektey pxtchefandwith maxidT\éffreitimyd
D6890 is applied both to gasoline and diesel boiling
range fuels, over DCN range of 0 to 100. DI HCC

engi nes, can be operated on de r

hycr oo Bdseet Peifari/ed vste SRR Sl gueeoesie =
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rs are use arac I gni |on qual I

ofusﬂag ERfr iw&&lgﬁo@mgmg@ LnP&iRARI a&moon{esﬁﬁ@rv%a from 12.7
octane nunber and cetane nunber. Furthernore, octane
N ER4% s 8@he3Ratsi iR @ viddahg¥bf 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
Determination of Ignition Delay and Derived Cetane Number (DCN) of Diesel Fuel Oils
by Combustion in a Constant Volurﬁe Chamber" covers DCN range of 33 to 60, for which
its precision is defined. However, the eqnation 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

though its calibration fuels fall within that range. Irrespective of these limitations and for

12
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nmet hods are not applicable to fuels spanning w de
ignition quality and distillation ranges. For

exanpl e, gasolines are generally too resistant to
wot2ed7gnssst on to have their cetane 10 nunber REHESA0ETHO8825
according to ASTM net hod D613. D esel fuels are not

vol atil e enough to have their octane nunbers neasured
according to ASTM net hods D2699 and D2700. Note that
the relatively neM/ASTM nmet hod D6890 can be applied to

el s cov n P on

+ e gioss ot feslate et et Ged i ASyhaldindbo
q a

ﬁ%he& ¥%tgfto glﬁﬂleo ﬁg f@%g bﬂient?gsv\xglégnef ﬂilgk %vexﬁb(?lg 'i%gg g%@eio%o
nunber (where R and M are ASTM D2699 research and ASTM
D2700 notor octane nunbers, respectively) and ASTM
D63 0l enginadtat Bt aeeatdilunizeride mage ofthginmeabondgitdd Imikdfuels
cet ane nunber and ASTM D6890 derived cetane nunber for
arangiag ifemygassling 4 dieseh fach Tu cufreat practise) sevany] prrmgtersfagepssd to
20 Figure 8 shows that a relationship can be
e Shassfariep wt@ewééh offhsge Sirdp: f RATgtPRoctage puRer, igpgich octane
bet ween cet ane Addi
BV AL T U ore B R A e s R ine
! “ggnlt'l hi%géjarpgu %gflcﬂ?leqs Ex%{s s{v&ﬁ%& : uﬁgm&f?%htyuﬂﬁ %%’nllahon ranges.

I on ers, ane

( Bs\harplR! g&fsb‘lﬂﬁg h@%@ﬁer&l@rqm @ﬁ&ﬁ&@&a&&gﬁlﬁ&ﬁﬁ have then' cetane
paraneters can al so be used to match fuel ignitability

Whiiib& RgiafiRe CRERHRE 30 ASTMahdtiond I 31 BidA0 RO %L ba3BBAle enough
PCVUS2007/ 00882 Not ably, tests have denonstrated that

| kcphsivel thefryodroemmishers heaswred fageddingih ASEMagthodsHE68%ard D2700.
derived cetane nunber determ ned according to ASTM

iR SR BN (STHES TS '@ﬁﬂpﬂl AT

in the and ena by B e
| 5 et e 1 PR Bt DO P £ e e RES Rl Bl
GRS 08 ek AR R o
6 (IE—FM')/i B&thne 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 fora

variety of gasoline and diesel boiling range fuels.

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.
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gasol i nes and six diesel fuels whose properties are
provided in the tables of Figures 2, and 3,
respectively. As previously nmentioned, the use of a
wiongb7e2gaz anet er to characterize ignition 18CTHUS0DY0p8825
of a wde range of fuels will benefit fuel suppliers,
manuf acturers of DI HCCI engines as well as the end
users. Through use of this paraneter, fuels for D

HCCl engines can now be rated in the sanme instrunent,
according to the same test nethod an

inter cﬂ%‘ﬁ@e‘éa‘ﬁ’@ha&iQ%mﬁﬂ”?%@fatrhqb@hpy"é%ca@gﬁ‘g’aﬁg fyelpgwhich have
aﬁms Qg aEleergve ec‘% Q:en%m r degees n%ﬁgccord%l% taﬁgmg@&f 1{38598 exhibit

propert i es Sof"TIese tuel s asin

'TEIJ;QQQ L&}g.sén Vb %,m;énég Rl ﬁm@éﬂngsg befenkble r@aﬁbp&;mn up to

devel opnen engi ne devel opnent as wel

aﬁle SEMS maRRthn108dsad Gkt tid sim6 Wall Edbes iNespedtive BEhyir boﬂmg range
deri ved cetane nunber by ASTM nethod D6890 is

t het Bfdoscerbpn apksed Tas assettion weillgahtedbeligures Hind 6 for four
autoignitability for both gasoline and mddle

deasolingsané siks dick¢l digpls wibge piopeties agsprgvider ipjtheiallps of Figures 2, and
engi nes. Flgure 8 shows curve 34 for cetane nunber,
aﬁd’emfﬂ"é’ 336 for (R+M 12, versus derived cetane

nunber, 20 respectively. Exhaust particul ate (snoke)

is considered a pollutant, and its em ssions are

regul ajhegrebidudFPR¥ntfREE lid &S of £ sq{gtlé SdidiRde& 16 BhaSsthePide ignition
standards are becomi ng increasingly stringent,

NQEARPE bt Alide eanpd 6f ftsle wall bsmaia lsu@naammwca&as bf DI RCGSI
whi ch al so cause fuel 25 efficiency losses. It is

t begindsas el dyvihataheess Thoughede obthisrmgranetep fuele for 3 HEIGE

of exhaust 14 WD 2007/123832 PCT/ US20071008825

p §RgINes Gy boratedjimihg sree inflainicab geoprting th diesape (Gsphest and

i o S e

i G L R R
e Qﬂiﬂi‘i@y AHAGERLL 8 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)/2, versus derived cetane number,

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

efficiency losses. It is therefore advantageous to reduce engine-out emissions of exhaust
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range, while high-aromatic gasoline emts small
anounts of snoke at nedium and heavy |oads. Diesel
fuel was found to emt significant amobunts of snoke at

wogb7hesasts and at near stoichionetric oper atGTMgs2007/008825

conditions. In addition, an increase in the aronmatic
content of diesel fuel was shown to i ncrease snoke
em ssions at medi um and heavy | oads. These 10
observations are illustrated in Figure 9 (1200 rpm

and Figure 10 (1800 r for several of th asol.i nes
avericyl fewhm@f(eéhﬁr 7o Ecz?ﬂ?eﬁe favaeet nsale e vyg ‘3 IR E0RY-dper

3,..r.es tively. The snoke data in Figures 9 and 10
a‘?fgclﬁ‘f‘%?{ltgﬁ‘ 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, 4 prévishsAAndiONES el JotfBinead 1O BI HCET ehighfdas dirfiotistrated
aromati cs diesel, high aromatics gasoline, 15 and | ow
athfuTed laé@nafa gadolineemitasatdliyuelspnoldevef he Wholeroginelentrating
each series of data are listed in the table shown in
Riaggs; whild highhremgtigpashlingrmitssmpld smeupisyof gmoky #medivgm and heavy
cont ent. Averatge snoke data was cal cul

) ated f.qr, each
Jlendsoieag! fq) Bps ToRad L Aol EHACERETOR R 8t BHOkE AipbloadsAnd at

in which the average snpke nu r is.tabul ated .

| Fogt o et PHRRRTCoRiReS. BRfop, o sl A'RLhrbise conton

' S o0 csRabns ARLIIHANY nbRYUhds. Th
(%@%eﬁé%%%g%ﬂtgﬁmﬁor spged?s %Sf 12010 rpm aér?g 18?)0 o
I ¥ rvhiibnd bR@Wikated 85K8gie 8 ¢1308 rprd) axR Fipack 10f(1 S0othpfdr séi@ral of
particul ate em ssions fromD  HCCl engines is :
pthe pasdnks\whd diesel B@lsilised i thatabks of Figne 2 Shespagtveld The

with diesel fuel or gasoline of controlled aromatics

contkedata in Rigpige9 end 10 8¢ pigttedsasrording 9 figl tyRergissql gegasoline) and
has 25 been deternined that th romatjc cont.en
SRR afes RO R GO B acﬁP@?l@?fa% g Bied cpgregas. 40,
2007/ 832 PCVUS2007/.008821, than W 9 .
Pa e By eraRegarar b Sy ooy Bar RSl freaice,

o e s 3 o 58
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

kPa), for speeds of 1200 rpm and 1800 rpm.

In view of these resulis, 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

been determined that the aromatic content should be lower than 60 wt.%, preferably lower
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5 Al though various enbodi nents of the disclosure have
been shown and descri bed, they are not neant to be
limting. Those of sldll in the art may recognize
werzaisssnodi fications to these enbodi nent s, PGRUEA07/008825
nodi fications are neant to be covered by the spirit

of the appended clains. 16 Clains: 1. A nethod for
selecting a fuel formulation fromanongst a plurality

of fuel formulations, for optimzing the operation of

< et B PGS o PRRE [T IPaCS HRE et ot SEPROPR boitne
9 ?a%%'l Fu%f tlIelija% Jn%r {;%Llﬂtsﬁ ]@{%M'tﬁ%ﬁ L%; faH@ﬂ)referably less than 20

rons T esting; etern1n|ng a derived cetane

nqﬂb@r (DCN) |n accordance wi th ASTM nmet hod D6890 as

a uni versal neasure of autoignitability for each of

said plurality of fuel fornulations for use in said

HCCl engine, to permt said fuel fornulations, to be

eval uanbough virfves smheliperns of the disdlospg hevd bpep Fhovaland gesgfibed,
fuel formulations to determ ne the autoignition

- pihsparanobmeytt to kedipiting |Tat>$e\f>é 8198 in e prt mpR EGGREYZEFEIATEN;

and tchlng the fu n|t of the t ted one
ofedifegiogy Lﬁ%rﬁﬁetﬂvbs? ey A B S e By R GovoRet by the
ession. r CR) of sald HCCl engine, to
de&gﬁﬁﬁﬁenFﬁ“P? %ornulatlon enabl ing said engine
to operate at the hi ghest | oad and over the broadest
| oad range, at a given CR 2. The nethod of claim1,
further including controlling particulate em ssions
fromsaid HCC engine by naking the aromatic content
of diesel boiling range fuels less than 60 wt. % 3.
The method of claim1, further including controlling
particul ate em ssions fromsaid HCCI engi ne by naking
the aromatic content of diesel boiling range fuels
| ess than 40 wt. % 4. The nethod of claim1, further
including controlling particulate em ssions from said
HCCI engi ne by nmaking the aromatic content of diese
boiling range fuels less than 20 wt. %
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5. The method of claim]further including controlling

particul ate em ssions fromsaid HCCI engi ne by nmaking

the aromatic content of gasoline boiling range fuels

|l ess than 40 wt. % 6. The nethod of claim11, further

including controlling particulate em ssions from said

HCCl engi ne by naking the aromatic content of gasoline
|I|ng range fuels less than 20 wt. % 7. The net hod

Sclaim 1, wherein in said deternining step the

plurality of fuel fornulations have DCN nunbers

L.rang f Al
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saldHChehgine3 . gofhit shid. fuel fremutetdng do igfevalhagdmnhe sﬁrue; $chler

i ncl udin h e . it.v. HC .

engi tre]sglélg %?15 é'r enftugl u'ljal?a#1 ) d@thr%sl}élelr %L: L?Ftﬁllg?@ §ro%e:frtles of
ealeuelatlvq‘tgrhmkeapqcmwé)Chﬂ@tl@ m ning for each said engine

t he
ol O AP s bt st s

in
wxﬂéémcv@reéﬂfw@aﬁlqﬁ&éwﬁﬁﬂﬂ% @n%lteefﬁ dt:tsmwmtl%%f“? Q %’fenablmg
saRRBHANOb operhtélathethighbst Iodd ardfovél@kd bréxagst Radratidel 40 apfven CR.
optional fuel formulation DCN, thereby facilitating
| ater selection by DCN of a fuel fornulation for
2.0pti Tﬂez:halg)daﬁeraaﬁ i1pfurtbdr iﬁbh[dingH@ﬁfolmtggiart'eulhta\pmﬁsgioas from said

C

ti.cu %F
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H‘?ﬁ[‘é %18e r?/gméiklglng t}éetaéorl)nag c%t 51 1@ r@ﬁ%@ llr]e astl%sgns gd wt. %.
bet ween
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 1further 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.
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t he derived cetane nunbers and (R+tM /2 octane. 14. The
nmet hod of claim 1, further including the step of.
establishing a relationship between derived cetane
nunbers and cetane. 15. The nethod of claim 1, wherein
sai d diesel fuel fornulations are selected froma
group consisting of fornul ations having a DCN range
from23.4 to 45, equivalent to a cetane nunber range
from19.4 to 45.9, an aromatic content ranging from

9.13. 9Phetreti®B .04 8kpimad) cvhewintshid diesad il forrndatmos havd én ardihagic content

foo wherei n said gasoline fuel

rar%nrgnuﬂ% &90/35036'3% selected froma group consisting of

fornmul ati ons having a DCN range from 27.2 to 32.4,

1028“' MRInfod chlﬁﬂ 1, R LRa éﬁ%lfﬁ@ Grel @Hﬂﬁaﬁ%ﬁ&m@glbé\] Hﬁge from

.7, an aromatics content of 12.7%to 35.
27g4pd%4in content range from 60.3%to 79. 3% and
conbi nations thereof. 18 17. The nethod of claim1,

further i ncl :..saj d diesel ations being.

Hgel elegpethordy rﬁlaé’g JPolperep s S£50 Ei h‘Flf %HP%}OH? Faé’ﬁ@ arontatic
cofrant irihging OGN 7ENgRS.6%0m 23. 4 to 45 equi valent to a

cetane nunber range from19.4 to 45.9, an aromatic

content ranging from13.9%to 65.4% and conbinations
12t herdefnethasof drm d, fgdisoinciding thebtefsof:mul at i ons bei ng

Se' GGl-Se &legnlg ygngq&p%k %erf&gt cRf edcRrH! Bldi MRSlity of fuel

havi ng a rom27.2 to 32.4, equivalent to an
forrmletiprspoct ane range from 62.5 to 80.7, an aromatics

Contcﬁﬁﬁmﬁiﬁg 12 490 S 3B Wee fael H&ﬁﬁfaﬂd)mDCNﬂhﬁ pkovidad@e highest
m60.3 to 79.3, Wﬁnd conbi nati ons thereof. 18. The

loaﬁﬁt’?{&? bé‘fad?ff lopdypaee: Werein the HOl engine i ncl udes
di r egtlulatiny 8e teb08 of &HH defermiding @’dp foanatenethe CRioffi gach of sawll plurality

of ii%&?ungzges S [hﬁ tfa(ingl ﬁelq’l I t M‘a % gﬂ}%ﬁﬁ&lnﬁ later fselecnon by

DGy eraathql tfgrm@lﬁticmlferl Optlmmnglomrat@nsf b?I Hoﬂémgwe davingtagpadicular CR.
nunber (DCN) determ ned in accordance with ASTM

nmet hod D6890, wherein said plurality of fuel
13. The method of claim 1, further including the step of: éstablishing 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 1, 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.
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formul ati ons include both diesel fuel fornulations and
gasoline fuel fornulations; testing said plurality of
fuel fornmulations to deternmine the ignitability of

each; and running each of said plurality of HCC

engi nes on each one of the tested said plurality of
fuel fornmulations to determine or match for each

engi ne of a given conpression ratio (CR) the fuel
formul ati on that maxi m zes the | oad capability and
17. oOadTHean@@dtdTelaRol, @fher TRtdiNE! sadcHieé] fedl dormulkBons being kedicted

| udi bul at th f
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1 i i ..
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of fermzhatiehsthavinghe DEN rerrge§ei>md27|sﬂ tardditi eqpivalentdaah(RoMigagienemnee

£rdd63 5 108091 PEFomaki&SBEEL oY B 35 tof BlevQ RbirRiaE catent e from 60.3 to
operation thereof, thereby facilitating the future

195 rdcpmbiRations tereqfel fornul ation to run a gi ven DI HOCI
engi ne. 22. The nethod of claim 19, further i ncl udi ng

troll t te en f
tiangi T8 P RaRITG ' R BRED LR HEep ot el

boi | i ng range fuels | ess than 60 wt. °o 23. The

rret hz&) d olr %elzlg]tl a f\IeP %g’cloh ri}cg’ L%irrg]lw&éloén fn&gcomprising

partr ¢l a e €em SSTons rom sai engi
thqvdps py t he aromati c content of gasoline boiling range

f uel iBentifRp DRSS é"f)lural:l-k? & figd for&'ﬂﬁu&ﬁ@tby Qddeﬁtzedcée&hghumber

wherein in said fying ste pluralit

<Dfihlé (deterprifief P deoBsiaRCe A DI mﬁ?r?sé?@g? a%@f%safdr P}rﬁa’(yﬁy 10§ fuel
forkfhtiond IncluliB Bot%kﬁ@ﬁeﬂﬁm&haﬁbﬂﬁaﬁ@gas&ﬁiﬁ el fbrrﬁlﬂzltiﬂnsd i esel

fuel fornul ations e 45..0,

r es gEERg 7K @‘fral%‘?f tj"?‘ﬁé"%al?‘ﬁo&a t%“?{égr‘&r t?h %lta e‘%flé”?"ﬁ’ i d

di esreﬂmrfgwe&h dfauitplusdlityosf QG eagivas oacahmné of thorstedaid plurality
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erein sa| gaso I ne ormu have a
fuql Emgyelationtigptmazimizes the lpad Qppablhty 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.
%.
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28. The nethod of claim 27, wherein said gasoline fuel
formul ati ons have an aromatic content ranging from
12. 7% to 35.6% 29. The nmethod of claim 19, wherein

the HCCI engine includes direct injection. 30. The

met hod of claim 20, further including the step of

i dentifying each one of said plurality of fuel

formul ati ons by an (RtM /2 octane nunber. 31. The

nmet hod of claim 20, further including the step of
24 dentid YefAgd BRI N®, Gfhefeli th sqid Udeatifying wdp fhaeplurality of fuel
fornmul ati o b cet ane. nu 32. The net hod of
fOEPLH"I‘th‘%f,VG flgéytnﬁ@%r? TR LR Y 5I‘Foﬁe step of establishing a
rel ati onship between the derived cetane nunbers and
24 RH\Q"A me%o%%?glal 3?9 w%(&gm R4 Eggﬂ ﬁxfel i%hﬂlaﬁ%gs]havg é’b&ﬂ%nge from
|ncIuangth tm esta Ing a relationship
23yetove eregentivalind cet ane nunbers and cetane. 34. The

met hod of claim 19, wherein said diesel fuel

fornul ati ons are sel ected froma %rou i c%nsi Sti ng_of
26 or niitearathod of plaitn 23gWherairndid dissglefus! Fgme f%%?na ' 2p gromdtic content
aﬁ@ﬁgﬁ@{ endo, toksavg et ane nunber range from19.4 to

.9, an aromatic content ranging from13.9%to

65. 4/ x, and conbi nations thereof. 20 35. The nethod
27of cTial mrtHd, of whh ab,nwisadid sgd gabliredud] demufationnibet 4 BRY! range
f §7§{s|3§9rt ed froma group consisting of fornul ations
‘H’é a8 DCN range from27.2 to 32.4, equivalent to an
(R+I\/p/2 octane range from®62.5 to 80.7, an aromatics

ont.gnt . f dlgf ?a{f’ntﬁ % %052 118 fleD for@ QB RE thaveadndBomatic
28?rom 50" 300 c 3% hd Sarrbéﬁ%{altl or?s 0thereof 36. The

con@@tnwm«gffm@llaﬂrﬁtszé5 6‘i“"urt her including: said diesel
fuel fornmul ations being sel ected from a group

consi stin for | ati.ons PSZN rom
2993, 4Tktec5“eﬁ‘g’ {sﬁ"ﬂfn\} 1 distein 5e gge}c/%’tg ﬁéncrlf u%igFCt%eﬁII%n from
19.4 to 45.9, an aromatic content ranging from 13. 9%

30t 0 ?5}640/&1’1 %2% cla(i:rgqtg Hl?thér u&x&elgggﬂ(ep of"rlﬁienﬁ@/kr% das el Faid

fuel Tormilations roma group
rlaality p&fb¢l figgmulations 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%, and combinations

thereof.
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of formulations having a DCN range from 27.2 to 32.4,
equivalent to an (RtM/2 octane range from62.5 to
80.7, an aromatics content of 12.7%to 35.6% a
paraffin content range from®60.3% to 79.3/x, and
conbi nati ons thereof. 21

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%, and combinations thereof.
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