WO 03/ 056165 PCT/ AUO3/ 00005 FUEL SUPPLY SYSTEM FOR AN | NTERNAL COVBUSTI ON
ENG NE Field of the Invention [0001] The present invention relates to a
fuel suppie spséiesn f or an internal conbustion engi ne. Baekgrawadows t he

I nventi on [0002] The present Applicant has previously invented a fuel
supply system described in International Application No. PCT/ AU95/00239.
This systemincludes a vaporisation chanber in which is provided a foam
mantl e for suspending fuel in a flow of air froma venturi inlet for
vaporising the fuel. The vapori FFEL SEPPLY SYSEEMWOR t he air in a mxing
chanber and then conveyed t QNINTERMNS. COMBYUSTION ENGINEEr nal conbusti on
engi ne. Fuel is supplied to a |lower portion of the mantle via a fuel punp
with any excess fuel returned via a scavengi ng systemto a fuel supply.
Enbodi ment s ofieldwaf the Inyentidnuel supply system have provi ded marked i ncreases
in fuel efficiency where the fuel consunption in a six cylinder vehicle
not or has reduced fromaround 13 litres per 100 kns to approxinmately 2.6
litres per 10@ob1rp. [ @08 3resSheihivendom fefatdshioS aSiel eipEls skas Gor tlACinternal
Applicant has made various nodifications leading to a further fuel supply
syst em whi ch @peliustienergingi fferent principles, is nechanically sinpler,
and potentially provides greater fuel efficiency. Summary of the Invention
[ 0004] Throughout this specification and clainms the term"thermal cracking"
in relation Backistt®indiof theSladedtionmean vapori sation, volatilisation, or
deconposition of high nolecular weight hydrocarbons to | ower nol ecul ar

wei ght hydrocarbons, or any conbination thereof. WO 03/056165

PCT/ AU03/ 0000[%002]

The present Applicant has previously invented a fuel supply system described
in International Application No. PCT/AU95/00239. This system includes a vaporisation
chamber in which is provided a foam mantle for suspending fuel in a flow of air from a
venturi inlet for vaporisirig the fuel. The vaporised fuel is mixed with the air in a
mixing chamber and then conveyed to an intake manifold of an internal combustion
engine. Fuel is supplied to a lower portion of the mantle via a fuel pump with any
excess fuel returned via a scavenging system to a fuel supply. Embodiments of the prior
fuel supply system have provided marked increases in fuel efficiency where the fuel
consumption in a six cylinder vehicle motor has reduced from around 13 litres per 100

kms to approximately 2.6 litres per 100 kms.
[0003] Starting with this system as a base, the Applicant has made various
modifications leading to a further fuel supply system which operates on different

principles, is mechanically simpler, and potentially provides greater fuel efficiency.

Summary of the Invention

[0004] Throughout this specification and claims the term “thermal cracking” in
relation to fuel is used to mean vaporisation, volatilisation, or decomposition of high
molecular weight hydrocarbons to lower molecular weight hydrocarbons, or any

combination thereof.



-2 [0005] According to the present invention there is provided a fuel
supply systemfor an internal conbustion (1C) engine, said system

i ncl udi ngweto3os@asi : a housi ng defining a thermal cracki ngPpPchaxtvsngooand
provided with an air inlet opening upstream of said chanber and an outl et
openi ng downstream of said chanber; fuel ipnjection neans for injecting a
fuel mst into said chanber; and, means fof-heati ng air flow ng through
said inlet opening into said chanber to produce heated air having a

t enper at ure i[0005le rAaegeliy tolthe pres2fidayentloartkdyy is provided,a fal shpbliesystedn for
thermally cracked in said chanber by collision with nolecules of said
heated air t AFgtesnal combpshom (O gugricespid swsternmeluding @deast'r ni xture, which
is supplied to a fuel intake nmanifold of said IC engine via said outlet
opening. [0006] According to the invention there is also provided a fuel
suppl y syst em housirgndefinimgoa tirmelerbelsng clmanslrey, avel proeided witdy it ait @dsitapeaing

chamber havin irst .an econd osite end |l s and sj de [ 1
e g bet Stz o 304 o AE e Aad B A eropEmng e e b 3e Rl SmRE  or red i n
said first wall and an outlet opening formed in said second wall; a fuel

injector for injecting a fuel m st into said chanber; an air heater for
heating air tfmeginjeetiplemmbr ofiedtisg wdbel MisDiGta wid@G@bey avdndui t f or
directing said heated air into said chanber through said air inlet; said
fuel mst mxing with said heated air in said chanber to cause thernal

cracking of $gidd forBéatRmBhif B6Wing thAREABAdYinlet 86tk fndekaiandahiBat ®hradice
m xture, said mxture being drawn fromsaid outlet for conbustion'in a

combust i on chasstrdraidiaving aftempersture in the sampeotildd e§iGe. WO 03/ 056165
PCT/ AU03/ 00005 -3 [0007] Preferably said inlet opening is of a dianeter
| ess than a dianeter of said

whereby, in use, said fuel is thermally cracked in said chamber by collision with
molecules of said heated air to form a thermally cracked fuel and heated air mixture,

which is supplied to a fuel intake manifold of said IC engine via said outlet opening.

[0006] According to the invention there is also provided a fuel supply system for an

internal combustion engine including at least:

a chamber having first and second opposite end walls and a side wall extending between
said opposite end walls, with an inlet opening formed in said first wall and an outlet
opening formed in said second wall;

a fuel injector for injecting a fuel mist into said chamber;

an air heater for heating air to a temperature of between 110°C to 260°C;

a conduit for directing said heated air into said chamber through said air inlet;

said fuel mist mixing with said heated air in said chamber to cause thermal cracking of
said fuel and form a thermally cracked fuel and heated air mixture, said mixture being

drawn from said outlet for combustion in a combustion chamber of said internal

combustion engine.



chanber whereby pressure of said heated air is reduced upon flow ng through
said inlet opening into said chanber. [0008] Preferably said outlet

openi ng iwWO®B/0ss16s aneter | ess than said inlet opening. [@C@NUBO@OEr abl y
said chanber is of a dianeter at least two and a half tinmes the dianeter
of said outlet opening. [0010] Preferably §aid i nl et opening and outl et
opening are separated by a distance of af-least 20cm [0011] Preferably
said inlet opening is of a dianmeter of approximately 60mm [0012]
Preferably said outlet opening has a dianeter of approximtely 42mm [0013]

Preferably sai el .injector.sprays fuel, into,said chanber fromsaid first
wal . [ 0%14]%&?@? erﬁ%l[f]‘%fg@%{isa“’fs Eﬁ%y‘m‘?f“g‘étlélr"?i%éﬁaﬁ’é& Clﬁﬁ%g{ﬁﬁﬁ a REeH :O? il
are arranged @agibbr whedeBy bwsﬁire QP8R RPated 3% IPfedBELS Lﬁ'ffoﬁtﬂd(zyiﬁgﬁﬁoﬁéﬂ &fid inlet

opening is forned with an downstream portion of progressively increasing
di anet er. [ OCABhinRrintosahthambai.d system further includes a controller
coupled with said fuel injection nmeans to control the injection of said
fuel mst into said chanber. [0017] Preferably said system further includes

an air tenper@besie BehgHlyksd olaﬂ@t\/cjpéhiﬁ? is &f £ dibfktes lcg§Blan sBids@btoe@nig, ol | er
indicative of the tenperature of air flowng into said chanber 't hrough

said inlet opening, and wherein said controller is programmed to vary the

Verporature. WeDs oEEFs e TobishEEu08 ¥ dbaet B 1larald’s MR ey
further incl utiaseRnobsaydeles epamfig.di sposed in an exhaust manifold of said

| C engine and providing a second signal to said controller indicative of
t he oxygen content of exhaust gases produced by conbustion of said cracked

Iﬁg' in sai d b ANIPAGeraRYLathflcebPertfl Shf Atk Bhdrifig b BPAMEABYEkil@ndtASY

at least 20cm.

[0011] Preferably said inlet opening is of a diameter of approximately 60mm.

[0012] Preferably said outlet opening has a diameter of approximately 42mm.

[0013] Preferably said fuel injector sprays fuel into said chamber from said first wall.

[0014] Preferably said fuel injector includes one or more orifices are arranged about

said inlet opening.

[0015] Preferably said inlet opening is formed with an downstream portion of

progressively increasing diameter.

[0016]  Preferably said system further includes a controller coupled with said fuel

injection means to control the injection of said fuel mist into said chamber.

[0017] Preferably said system further includes an air temperature sensor for providing
a first signal to said controller indicative of the temperature of air flowing into said
chamber through said inlet opening, and wherein said controller is programmed to vary

the volume of fuel in said fuel mist inversely with variations in said air temperature.



volune of fuel in said fuel m st inversely with variations in said oxygen
content. [0019] Preferably said systemfurther includes a valve provided in
sai d out |wD oansbiehdapt ed for coupling to an accel erator c®QrrAaio3/06008
vehicle in which said IC engine is nounted, said valve having a m ni num
open position providing maximumrestrictionp to flow of said cracked fuel
to said fuel intake manifold, and a maxi mimh open position providing
mnimumrestriction to flow of said cracked fuel to said fuel intake

mani fold, and a valve position sensor providing a third signal to said

controller in tiv ree f .ope of said val ve,, and,wherein
o coner ol MHREEL" Y Breril? seifl SIGER KR SO o R fbsd SPiorSigord b 4o
proportion toe)&hﬁﬁst%&hﬁﬁd gt s@ﬁ?m%ﬁgln@fana%rgvﬂ ?V@ sec{oﬁ@?sﬁgnal)'i@fsﬁﬂacmnﬁoﬁ&‘ d
system further includes a cold start fuel "injec for spraying a fuel

m st into a ciodigaiive obule edygan scalt@ntomﬂ ¢)é1ausjrgasm praglucesh ey atoindnisidin fisdid
internal conbusti engi n 0021] ferably said,.,controller is further
oper at vel v cOHEquE oRaREIC SER and GRS DB g Safmedtei Y5 e

vol une of fueyolimeblud Uebaidtifel mfiderRYy ﬁﬁh@aﬁ&idﬁs&ﬂ #id oxygdth@6ehteht. on t he
basis of said air tenperature such that said controller disables said cold
start fuel injector when said air tenperature is above a threshold .
Lemperatur e a78P] FALE00 N SAK, B Thdesl '8 fRIALT S bt
cani ster havi seco Opposi { e axi al Wherel n Eai doarr

i nt ake and saadipfddefor copsiigi @mnnmaﬁrmmﬂn;tol of & vehidlesiai whith €hidMiCSéngine is
respectively fromsaid first axial end;, and wherein said outlet is

provi ded at sBPEnEdBkvAYe %ﬁwwmnpm?p%wéﬂwrpgmﬂ@ng FeAXIHYBESHALNEr e
i s provided t oTelp) p an.
i nt er nal conbaﬂg‘tglogﬁqgﬁ&lane dfsu%fl rfagc? ﬁ%% I n% E{?#ﬁgldt h{é@é\gﬁ%%l% glgqj%eé l%llﬂdﬁ
PCT/ AU03/ 0000grovidig mﬁmpmm)festrmtlomr tafloy of saill ardeked fuel to said fuel attal@pamifigdat

one end and an outlet openin an
and a valve pos1t10n sgnsor providing a third signal to said controller indicative of the

degree of openness of said valve, and wherein said controller is programmed to vary the

volume of fuel in said mist in proportion to the degree of openness of said valve.

[0020] Preferably said system further includes a cold start fuel injector for spraying a
fuel mist into a conduit coupled to said outlet on initial operation of said internal

combustion engine.

[0021] Preferably said controller is further operatively coupled to said cold start fuel
injector for controlling the volume of fuel in the fuel mist spray by said cold start
injector on the basis of said air temperature such that said controller disables said cold

start fuel injector when said air temperature is above a threshold temperature.

[0022] Preferably said housing is in the form of a cylindrical canister having first and
second opposite axial ends wherein said air intake and said fuel injection means supply
air and said fuel mist respectively from said first axial end; and wherein said outlet is

provided at said second axial end.

[0023] According to the invention there is provided a method of conditioning liquid

fuel prior to combustion in an internal combustion engine, said method including the



opposite end; injecting a mst of liquid fuel into said chanber;
introducing heated air at a tenperature of between 110C to 260C into said
chanber wpDa3®&i165 i nl et openi ng; whereby, said fuel m xes PairtAvosad@s heat ed
air tothermally crack said liquid fuel and forma thermally cracked fuel
and heated air mxture; and drawi ng said nixture fromsaid outlet for
conbustion in said internal conbustion eggfne. Brief Description of the
Drawi ngs [ 0024] An enbodi ment of the present invention will now be
described instipsaif! with reference to the acconpanying draw ngs in which:
Figure 1 is a schematic representation of a first enbodi nent of a fuel
supply systemin accordance with the present invention; and, Figure 2 is a
schemati c r egrowHaiHga4 icBAnBér autﬁ%Oﬁﬂiet%g@ MR NdneOéndt A1 Bﬂeiuﬂwgpérﬁn %y%hem
Detail ed Description of the Preferred |nents [0025] Referring

Figure 1, a fapppsitagmdty system 10 for an |nternal conmbusti on engine (not
shown) |ncludes a housing 12 defining a chanber 14 and provided with an
air inlet. opening 16 upstream of the chanber 14 and an outl et opening 18
domnstrean1Vﬁhﬁaﬁg§£ﬁﬁﬁo?ﬁ@@ﬁ&ﬁ&hﬂ@Q@ﬁumw@baf t he chanber 14. Fuel injector
means in the formof a fuel injector 20 is provided in the systemto spray
a fuel mst into the chanber 14. The system 10 further includes a heater
22 for heati 0 4

opening 16 A GiR G0 5P TR o Herk QL IPE ETAIRb ol BB

- 260C. The fﬁskmdaﬂaaxedmgnto t he chanber 14 via the fuel |njector 20 |s
thermally cracked by collision

whereby, said fuel mixes with said heated air to thermally crack said liquid fuel and

form a thermally cracked fuel and heated air mixture;

and drawing said mixture from said outlet for combustion in said internal combustion

engine.

Brief Description of the Drawings

[0024] An embodiment of the present invention will now be described in detail with

reference to the accompanying drawings in which:

Figure 1 is a schematic representation of a first embodiment of a fuel supply system in

accordance with the present invention; and,

Figure 2 is a schematic representation of a second embodiment of the fuel supply

system.

Detailed Description of the Preferred Embodiments

[0025] Referring to Figure 1, a fuel supply system 10 for an internal combustion
engine (not shown) includes a housing 12 defining a chamber 14 and provided with an

air inlet opening 16 upstream of the chamber 14 and an outlet opening 18 downstream



wi th nol ecul es of the heated air to forma thernmally cracked fuel and
heated air mxture which is supplied to a fuel intake manifold (not shown)
of the emgpDrg/0%i1e5t he outl et 18 for conbustion in conbustPCamwbamosrs (not
shown) of the engine. [0026] There is naturally a tenperature gradient
between the inlet 16 and the outlet 18 wjih air tenperature being | ower at
the outlet 18 due to the mixing of fuel (Which is initially at a | ower
tenperature) with the air and the absorption of heat in thermally cracking
t he fuel. SubsttheChamhbey 14| |Fuel injdeéorfroesins siptheyfornioftaduelhisjectoa R ds plovided in

thermally cracked by the ti | t sses ;out through the ouytlet 18. 027]
A control | er th9 sy erE%?JﬁPléH %ﬁﬁ#’iﬁﬁg‘%@éﬁ chaﬂ}%gﬁﬁé‘r Li%ﬁ Styﬁ)el@om b‘(g{hef H’@hld%s a
injection of hehiaeohysl hdial alrfowih$QiaCh\@nash 134ntol the bRHnSber 9934i4linlétpening
controller 24 receives inputs from an air tenperature sensor 26 di Sposed

in the conduil6 tb7producenhaated air hasinga persparatore neths gangexd i0S pd4eY-.i Ahea fuel

conduit 19 in_co nicati on wth the,outlet. 18, sand..an e .

di sposed in aﬁpfﬂé{%ﬁﬁ{h‘[é)ﬁ%ﬁﬁﬁ?@%%f&&@%?ﬁ ¢ Tge %%& 9 H’S%j%%’ élafaelsd(ra@; Buisidh
tenperat ure sg@fisioletBlcRloP VicRated o tgTaim b thertiellg ericked fuel andheattdiabehintere Of
the air tenperature of the heated air passing through the inlet opening 16
into the chawhieh issppline teaiegl dntpls mpnifeld (pelothoxmiel theoengineyvia ke %ﬂeaaé of
fuel in the fuel | S . 1.0 ' ely with changes
i n sensed ai rf%fg%gequsﬁoﬂﬁlg.E&ééﬁ%’ggx%Q.ﬁlﬁéergltng)?r%lg({%q)u%?éﬁ%ﬁ%és es, the con%J r ol
24 acts to decrease the volune of fuel sprayed into the chanber 14. [0029]

Simlarly, the controller receives a signal fromthe oxygen sensor 3
i ndicative of0026¢le Hhera it nasarally ¢ danpsrature gradigpRebvecsd %énq%tfquli’g tg‘i‘l@‘i“?f’é 184

whi ch the fuel. t [ [ E@s:th
e\%v Higé% ﬂ% 16%ef Hethe ol il g%)ﬂ el (@i @Sist he
vol unme of fue ltg)é?ratge ;[/ur;élrl:)g njseg{ or 62% ?tnff%rd%%g& cha e?g%g i nv(er sel 1;
wi t h changes initialljeat sehwend tepereture) owitletite air ahévbé absorpor08f BB 16 5hermally
PCT/ AU03/ 00005 - 7- .

crackir?g tlfe%el?@u%&%ﬁtieﬁﬁrsﬁls of the fuel sprayed into the chamber 14 is thermally

cracked by the time it passes out through the outlet 18.

[0027] A controller 24 is coupled with the fuel injector 20 to control the injection of
the fuel mist into the chamber 14. In this regard, the controller 24 receives inputs from
an air temperature sensor 26 disposed in the conduit 17, a throttle valve position sensor
- 28 disposed in a conduit 19 in communication with the outlet 18, and an oxygen sensor

30 disposed in an exhaust manifold 32 of the engine.

[0028] The air temperature sensor 26 provides a signal to the controller 24 indicative
of the air temperature of the heated air passing through the inlet opening 16 into the
chamber 14. The controller 24 is programmed to vary the volume of fuel in the fuel
mist sprayed by the injector, 20 inversely with changes in sensed air temperature. Thus
as the temperature increases, the control 24 acts to decrease the volume of fuel sprayed

into the chamber 14.

[0029] Similarly, the controller receives a signal from the oxygen sensor 30 indicative
of the amount of oxygen in the exhaust gases of the engine to which the fuel system 10
supplies fuel. The controller 24 again varies the volume of fuel sprayed by the injector

20 into the chamber 14 inversely with changes in the sensed oxygen content or level in



[ 0030] The thermally cracked fuel and heated air m xture passes fromthe
outlet 18 through conduit 19 as a vapour to a fuel intake manifold of the
engi ne. Dvopossdemi thin the conduit 19 is a throttle (butrCerAuoghpoosal ve 34.
This valve is linked to an accelerator control of the vehicle such as an
accel erator pedal via a link or cable 36. Yalve 34 has a m ninum open
position (as shown in Figure 1) where it provides maximumflow restriction
of the cracked fuel through the outlet 18 to the fuel intake manifold. This
position nay theedousat ggdesM th an idle condition of the engine. Valve 34 al so

b ane provi di NSO A bereed: edte Toslnd SR ol B amaRoI (e o et e
through the oyidueh coRddiP19 Bea vigsst «d ai"fu,fé}(ﬁltaﬂ%r}hﬁrﬁ’fo@d of fh€ eM@in¥ eDRPDEdd Within

sensor 28 senses the position of the valve 34 to provide a signal to the
control | er 24hewrdidit 19és athrotile (Geterfy) vilvopénrides vafe ishbnkedl to en3atcelepiter

"o ected by ol pf B SEReB s Hp I ErT Heg e a LR e b e L6 TiBidess
of the valve @thimiilSpen WGk Bs ¥ROWE iBFibSrel 1) ivhsreMMit hroVided RRAIRASI Floen,

the controller 24 controls the injector 24 to spray a smaller volunme of
fuel into theestighteof the emhckedvihelthranghthe utlet3l osthe dheldgtake nisaiifelfl. i Ahishe

maxi num open position. ,[] 0031] .The heatger 22.is typical i he, ,f a
heat sink in f‘ﬁﬁ"r"ﬂ?a?“ax t%%’?le\%i ﬁh taﬁeldﬁe%?éﬂgotn ?gﬁllcf%lgh‘}éw?aﬁ[ﬁ}lai% Snlh(r%% &ke
16 is arrangegatithueh @}Séﬁ\ﬁaéiticf)ﬁ UMDV it Ues il ROHGBBantiAE hadlonsl Pland DrotidBi3?2]
It will be appreciated that during initial start-up there will be a del ay

in the heatiminiopm restrigtipn do Hanflowios thaymaly srasked fuel thrpeghyfhetaydet by & theg
to effect thegnpl i St i s '
of the. ong! neBL ik RS e i ddtflon sLfoP28 sBlset fhe oS RPIE AT ALLEN

whi ch is couphedidea sigial aothe vortrolRr L4 indiqakiay bfithealegiea of opdrsiessdifitie vdlye Bt o
the air passing through the outlet 18 on its way t

the fuel .intaki
mani f ol d. Col dbgcaptoliij2éds progmanmed to vy thededurbe of @Eﬂ’cenr@g%ﬁl npipinjected by
controller 24;and.id, gp% réfcktidl td @essgsghr&g}e@rof%%eeﬁm of A& LAMPS atpg Of

the air passing throu the-alr 1nta
when the valve 34 is in its minimum open position, the controller 24 controls the

injector 24 to spray a smaller volume of fuel into the chamber 14 than when the valve

34 is sensed as being in the maximum open position.

[0031] The heater 22 is typically in the form of a heat sink in thermal contact with the
exhaust manifold 32. The air intake 16 is arranged to draw heat from over or through

the heat sink 22.

[0032] It will be appreciated that during initial start-up there will be a delay in the
heating of the air drawn into the chamber 14 through the inlet 16 to effect thermal
cracking of the fuel. To assist in the smooth operation of the engine during this period a
cold start-up injector 38 is provided which is coupled to the conduit 19 for spraying a
fuel mist directly into the air passing through the outlet 18 on its way to the fuel intake
manifold. Cold start injector 38 is also under the control of the controller 24 and is shut
off by the controller 24 when the temperature of the air passing through the air intake 16
as sensed by the sensor 26 which has a threshold level, for example 110°C.

[0033] Further, if the engine to which the system 10 is fitted has been running for a



as sensed by the sensor 26 which has a threshold |evel, for exanple 110C

[ 0033] Further, if the engine to which the system 10 is fitted has been
runni ng fwo 0a/05603/ 056165 PCT/ AUO3/ 00005 -8 period of tipeE/AlU0g/0edoeN
turned OFF and restarted shortly thereafter so that residual heat remains
within the engine, the air tenperature mﬁt?in the intake 16 may at the
start-up already be at the threshold [ evéeP or at |east muy take less tine
than during a cold start condition to reach the threshold |evel.

Accordi ngly tpeeiodaifdirse,ds thehrtjieet GFE38ndvestartbed sharfg tadreaftel oo tlmat sémduad heat

period of time. [0034]. The thernml cracking of.the fuel. wifhin e chanber
a1 o bel | ev e HRVES <hiGn g it taneratiny viighe SHei 14 vl diniag up
process deconpasipGe P ehel hRlshblalIOvdIRE F 1h@SmayP fakk QU rtin‘]@‘dﬁﬁ_lduﬁhﬁ\&edo@&'%‘uart( b)
vaporisation and (c) volatilisation. In a series of tests, it as been

found that usenditicantoersaddtheethteshdldtlened iAneerdingin theasoldestart ij¢atqrr Y evilrites
in fuel consu ti??rf ofha 6 C .Iingﬁr engi ne froma standard fuel
consunpt.i.on of PAFCH I ES oﬁ%rrpeégiilo 5 60 miles per gallon. [0035] During
the operation of the system 10 the chanber 14 is under a negative pressure
relative to the pressure within the conduit 19. This is caused by the

increase in @03#et dihedhermaberaplang of theduelewithipthe elambes 1diinhlicaed &7 invelye
inl et openin 6 i rthe i t at | . ive
bressur o w ¢ ik qrabreloR (A esat A BTy pihlss dCor e MO AR i SIERR
chanmber . [ 003§ loWeemolatalar Mgigh, (bh@afotBhticianda(cy oohatlisitioanmedsdes olfieests, it
addition of an _appropriate catal yst. {0037% The chamber 12 is in the form
of a cyl i ndrikasibeen founddhatage phen sepbpdiment ghthis wxewion has dessiotimpeneements i@ 42

and 44 respecfuii)x i.cal :si ' .
t her ebet ween. g&éﬁlgﬁ% iaf %SI #@?ﬁ%ﬁ%gbr%sig&gﬁt#gﬁg air:l\l:as( %@gﬁﬁ,@g%% 8 t ilg miles
provi ded wi t hpdripallomtoetO mfesnpergallén. whi ch nmay be considered as a venturi,

for directing

[0035] During the operation of the system 10 the chamber 14 is under a negative
pressure relative to the pressure within the conduit 19. This is caused by the increase in
diameter of the chamber 14 relative to the diameter of the inlet opening 16. It is further
believed that the creation of the negative pressure within the chamber 14 assists in the

cracking occurring in the chamber.

[0036] The cracking of the fuel may also be enhanced by the addition of an
appropriate catalyst.

[0037] The chamber 12 is in the form of a cylindrical canister 40 having first and
second opposite end walls 42 and 44 respectively, and a cylindrical side wall 46
extending therebetween. The end wall 42 forms a base of the canister 40 and is
provided with the inlet opening 16, which may be considered as a venturi, for directing
the heated air into the chamber 14. The end wall 42 is also formed with a channel 48
and a plurality of risers 50. which form part of the fuel injector 20 for spraying a fuel
mist into the chamber 14. Each of the risers 50 opens as an orifice onto a surface of the
wall 42 inside of the chamber 14 and are arranged about the inlet opening 16. The
diameter of the orifices of the risers 50 may be formed of a diameter sufficient to cause

the fuel to emanate therefrom as a mist. Alternately, spray nozzles (not shown) may be



the heated air into the chanber 14. The end wall 42 is also fornmed with a
channel 48 and a plurality of risers 50. which formpart of the fuel

i nj ect or WO Bos61sPprayi ng a fuel mst into the chanber 14PCE&dN306005he
risers 50 opens as an orifice onto a surface of the wall 42 inside of the
chanber 14 and are arranged about the inlef opening 16. The dianmeter of
the orifices of the risers 50 may be forned of a dianeter sufficient to
cause the fuel to emanate therefromas a mst. Alternately, spray nozzles
(not shown) neoppled With Gi3prosided st RETNDLOBE 006950 to prayisiepl faee mist Af e fpglovi ded

t th d of ' 0t i d f i i st.. of fuel .
outl et opent nV38 e BEGt ol UF v edpmiluh f eihdrdion i g SARE Gy o
opening 16. Abs@ind 1 AlRMBleliafétet BEthe RAMABE: Wlisi frefBFablyestabdsy twb ah@adalft wo

and a half tines the dianeter of the out|let opening 18. As an exanple, the
i nl et openi ngtimes theydiameter ofithdicattet epeningt 1& hAs ppnskaaplsuthedplst epenipg 116 238y of

appr oxi mat el y, 60 .Wtht out.l et enj 1 V] ' i

or der of 42nn]?avﬁr?ag]dmett‘%{h8€%8e \?\}ggﬁq u{fﬁ% 8%%}15&42&adﬁg%f§? %W@éﬁ g* L
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10 differs from that depicted in Figure 1 by the inclusion of a foam mantle 52, a ball

valve 54 and a perforated screen 56 each of which is a similar structure and operation to
that described in Applicant’s earlier International Application No. PCT/AU95/00239,

the contents of which are incorporated herein by way of reference.

[0040] Particularly, the foam mantle 52 is in the shape of an annulus and sits on the
end 42 of the canister 40 extending to about one half the axial length of the cylinder 40.
A portion of the fuel mist injected into the chamber 14 may be retained within the
mantle 52. The ball valve 54 is slidably mounted on a post 58 extending axially through
the cylinder 40. Ball valve 54 is arranged to control the volume of air admitted into the
chamber 14 through the inlet opening 16 in accordance with air pressure within the
chamber 14 which in turn is influenced by the vacuum applied by the engine via the fuel
intake manifold and outlet 18. A spring 60 biases the valve 54 to a position where it
minimises the size of the inlet opening 16 and thus the amount of heated air entering the
chamber 14. With the creation of a vacuum or at least a relative negative pressure
within the chamber 14, the valve 54 is drawn upwardly along the post 58 against the
bias of spring 60. The outward flaring of the inlet opening 16 provides a seat for the
valve whicﬁ also directs air toward the mantle 52. This assists in cracking fuel

suspended within the mantle 42.



A portion of the fuel mst injected into the chanber 14 may be retained
within the mantle 52. The ball valve 54 is slidably nounted on a post 58
ext endi ngwexoBabdiys t hr ough the cylinder 40. Ball val ve 54PC3/Ansacnged to
control the volume of air admtted into the chanber 14 through the inlet
opening 16 in accordance with air pressure,within the chanber 14 which in
turn is influenced by the vacuum applied by the engine via the fuel intake
mani fold and outlet 18. A spring 60 biases the valve 54 to a position where
it mininmses the size of the inlet opening 16 and thus the anmount of

heated air e i.ng t.he chapber.14. With t.he creatjaon of (o] ¢
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suspended wi thin.the.mantle 4 WD .03 PCT/ AU03/ 00005 -10 [0041] The
screen 56 V\hirﬁ?{te’é?(lt@?f a?”sésg? 1&1%P§/cr§%183égf’%é%n%htle 52 provi des a base

agai nst which the spring 60 operates and also acts to break up any | arge
drops of fuel within the chanber 14, The mesh 56 rrgy be coat eigpéll\“h or .
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Figure 1, the system 10 may be provided with an axially extending conduit in fluid
communication with the fuel injector 20 to spray fuel mist at one or more locations
along its length into the chamber 14. In addition, an auxiliary air inlet valve 62 may be
provided in the conduit 19 to provide auxiliary air to the mixture flowing from the outlet
18. This may be beneficial for large capacity engines such as large V6 or V8 engines
particularly at high engine speeds. The valve 62 can be operated on the basis of engine

vacuum or alternately by the controller 24 to provide varying amounts of auxiliary air

depending on engine speed or load.

[0043] All such modifications and variations together with others that would be
obvious to a person of ordinary skill in the art are deemed to be within the scope of the
present invention the nature of which is to be determined by the above description and

the appended claims.



comuni cation with the fuel injector 20 to spray fuel m st at one or nore
| ocations along its length into the chanber 14. In addition, an auxiliary
air inletwoaB®ss162 may be provided in the conduit 19 to pCaAwWe/oenxi|iary
air tothe mxture flowwing fromthe outlet 18. This may be beneficial for
| arge capacity engines such as |arge V6 or 1\/8 engines particularly at high
engi ne speeds. The valve 62 can be operat éb on the basis of engine vacuum
or alternately by the controller 24 to provide varying anounts of auxiliary
air dependi nd’heClaims Defisipgdhie baventian ar¢ @0Kdllowd:| such nodi ficati ons and
variations together with others that would be obvious to a person of
ordinary skill in the art are deened to be within the scope of the present
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and the appended clainms. WO 03/056165 PCT/ AUO3/ 0 00% -11 The d ains
Defining the leastention are as Follows: 1. A fuel systemfor an internal
conbustion (1C engine, said systemincluding at |east: a housing defining
a thermal cracking chanber, and provided with an air .inlet opening :
upstream of saihdusih@dbeingActhédad didcRing AhSMbaY afld pRSidedamiiobn aiiiflet BpeHIET ;
fuel injection neans for injecting a fuel mst into said chanber; and,
means for heatbsitgai of spidoihamger andamgritisbenening dopvnspean afsaithekpngherd chanber
to produce heated air having a tenperature in the range of 110 - 260C
whereby, in use, said fuel is thermally cracked in said chanber by
col i sion w t fuel imjéstion|reene fordajectidpeafu@timast intd eaitl @hamber} frey, mal | y cracked
fuel and heated air mxture, which is supplied to a fuel intake manifold
of said IC engine via said outlet opening. 2. A fuel systemfor an internal
conbusti on engj.ne. | i : : r A fd el
opposite end gxdla hsfdgﬁlgggﬁélgié?ﬂéﬁ?%&%@nﬁﬁ?ﬁ&p&g\éﬁqgto saldth r %P e
heated air having a temperature in the range of 110° - 260°C;

whereby, in use, said fuel is thermally cracked in said chamber by collision with
molecules of said heated air to form a thermally cracked fuel and heated air mixture,
which is supplied to a fuel intake manifold of said IC engine via said outlet opening.

2. A fuel system for an internal combustion engine including at least:

a chamber having first and second opposite end walls and a side wall extending between
said opposite end walls, with an inlet opening formed in said first wall and an outlet
opening formed in said second wall;

a fuel injector for injecting a fuel mist into said chamber;

an air heater for heating air to a temperature of between 110°C to 260°C;

a conduit for directing said heated air into said chamber through said air inlet;

said fuel mist mixing with said heated air in said chamber to cause thermal cracking of

said fuel and form a thermally cracked fuel and heated air mixture, said mixture being

drawn from said outlet for combustion in a combustion chamber of said internal



said opposite end walls, with an inlet opening formed in said first wall
and an outlet opening forned in said second wall; a fuel injector for

i nj ecti ngwe oBsdiesri st i nto said chanber; an air heater foPChediosngoair to a
tenperature of between 110C to 260C, a conduit for directing said heated
air into said chanber through said air inlef; said fuel mst mxing with
said heated air in said chanber to cause Thermal cracking of said fuel and
forma thermally cracked fuel and heated air m xture, said mxture being
drawn from safembugticatengine. conbustion in a conbustion chamber of said
internal WO 03/056165 PCT/ AUO3/ 00005 -12- conbustion engine. 3. The system
according to clains | or 2 further including a controller coupled wth
said fuel injgctioThewgasmt Rcedig @ claihes 1 Nrel Girtier hclSdhg of stkrolles boupgdd
said chanber. 4. The system according to claim3 further including an air
t enper at ur e s®ilotaid dpel Byeslipaimepns i eapirobithm anjeetipns af gaidofiet hiteinto said

i ndi cative of Cﬁa%egerrperature of air flowng into said chanber through
said inlet opening, and wherein said controller is programmed to vary the
volume of fuel in said fuel mst inversely with variations in said air

t enper at ur e. g Th% system according to claim4 further including an oxygen
sensor di spos#d i nThgEYHSAAcearding ip Cliug Sofurthey imcludingfii 3k eaerawE s eaos §on
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outlet and a edukor coupling to an accelerator control of a vehicle in
which said IC engine iIs

5. The system according to claim 4 further including an oxygen sensor disposed in
an exhaust manifold of said IC engine and providing a second signal to said controller
indicative of the oxygen content of exhaust gases produced by combustion of said
cracked fuel in said IC engine, and wherein said controller is programmed to vary the

volume of fuel in said fuel mist inversely with variations in said oxygen content.

6. The system according to claim 5 further including a valve provided in said outlet
and adapted for coupling to an accelerator control of a vehicle in which said IC engine is
mounted, said valve having a minimum open position providing maximum restriction to
flow of said cracked fuel to said fuel intake manifold, and 2 maximum open position
providing minimum restriction to flow of said cracked fuel to said fuel intake manifold,
and a valve position sensor providing a third signal to said controller indicative of the
degree of openness of said valve, and wherein said controller is programmed to vary the

volume of fuel in said mist in proportion to the degree of openness of said valve,
7. The system according to claim 6 further including a cold start fuel injector for
spraying a fuel mist into a conduit coupled to said outlet on initial operation of said

internal combustion engine.

8. The system according to claim 7 further including said controller further



nmount ed, said val ve having a m ni num open position providing maxi num
restriction to flow of said cracked fuel to said fuel intake manifold, and
a maxi munvomansqesi ti on providing mnimumrestriction toPCrawoshowsi d
cracked fuel to said fuel intake manifold, and a valve position sensor
providing a third signal to said control I_elr indicative of the degree of
openness of said valve, and wherein said céntrol |l er is programred to vary

the volunme of fuel in said mst in proportion to the detgree of (%penness of
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The system acgmkdil0diabled adidncold stadthfae] injeckdtdivheh s@d chit emietdtirerisfabovbiar -
WO 03/ 056165 PCT/ AU03/ 00005 -13 operatively coupled to said cold start
fuel i nj ect orthfeshold &smpesatiieng t he vol unme of fuel in the fuel nist spray by
said cold start injector on the basis of said air tenperature such that
said controller disables said cold start fuel .injector when said air. .
tenperature i8¢ aboVie éystenhacsldihgltol mypme aff wladms 9-8 Whereimysaideinied opaning] isgoftao
any one of clains 1-8 wherein said jnlet opening i.s of a dianeter | ess,
than a di amet dpmgler desp dh%h&r%@?et%@lr chprates jvizerey Eréﬁsdl“ehggtsgg hepted;adr is

reduced upon Ieh%d%oﬁ%%@%@%@gﬁ%@%ﬂ%% gegagnmeg chanber. 10. The

system according to any reih sald outlet opening is of a
di aneter less than said inlet opening. 11. The system according to any of
clainms 1-10 Wnereijﬂ said chanb&r i.s of 2 fii.amitf_r at | east .two and .halff
tines the di ahter 1ot SYSimy ageRtiing 1 38hohglaims 1-ormbely sad oLl PRFAHS 1§ §dhy
of claims 1-1§ {.I%isé’ltﬁﬁ.isgdiirﬂét%%eﬁﬁ ning and outlet opening are separated
by a distance of at |east 20cm 13. The system according to any of clains
1-12 wherein said inlet opening has a

11.  The system according to any of claims 1-10 wherein said chamber is of a diameter

at least two and half times the diameter of said outlet opening.

12.  The system according to any of claims 1-11 wherein said inlet opening and outlet

opening are separated by a distance of at least 20cm.

13.  The system according to any of claims 1-12 wherein said inlet opening has a

diameter of approximately 60mm.

14.  The system according to any of claims 1-13 wherein said outlet opening has a

diameter of approximately 42mm.

15.  The system according to any of claims 1-14 wherein said fuel injector includes one

or more orifices arranged about said inlet opening.

16.  The system according to any of claims 1-15 wherein said inlet opening is formed

with a downstream portion of progressively increasing diameter.

17.  The system according to any of claims 2-16 wherein said fuel injector sprays fuel

into said chamber from said first wall.



di aneter of approximately 60mm 14. The system according to any of clains
1-13 wherein said outlet opening has a dianeter of approximately 42mm 15.
The syst ewpagosridi ng to any of clainms 1-14 wherein said f RE/AupLOOSr
includes one or nore orifices arranged about said inlet opening. 16. The
system according to any of clainms 1-15 whejgin said inlet opening is forned
with a downstream portion of progressively iIncreasing dianeter. 17. The

system according to any. of clains, 2-16 wherein said fuel injector sprays
fuel into sat¥ chénte§thed o eondifionings diqwid fuel iyt semessiPOT AN I3

-14 18. A net . g eYe] Ui I ihar to conbustion in an
internal co ustli%glﬁ&gn |%58H?g®ydn%§h%8é?%§f%épﬁg the steps of: providing
a chanber with an inlet opening at one end and an outlet opening at an
opposite end; inj.ecting.a m.st of liquid fuel intq said chanber; )
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chanber via &gj;d i nl et opening; whereby, said fuel mxes with said heated
air to thermally crack said liquid fuel .and forma thernmally cracked fuel
and heated air mxture; and drawing said m xture fromsaid outlet for

combustion i ninjse%ltigg b rr]rtliSGtro%lquﬁ%a lfgtto 'said cha?mnge!,r;n €.

introducing heated air at a temperature of between 110°C to 260°C into said chamber via

said inlet opening;

whereby, said fuel mixes with said heated air to thermally crack said liquid fuel and form a

thermally cracked fuel and heated air mixture;

and drawing said mixture from said outlet for combustion in said internal combustion

engine.



