-1 29 June 2006 FUEL SUPPLY SYSTEM FOR AN | NTERNAL COVBUSTI ON ENG NE Fi el d
of the Invention [0001] The present invention relates to a fuel supply
system for- an internal conbustion engine. Background of the |Invention
[0002] The present Applicant has previously invented a P8dUnagdffi y system
described in International ApplicationtNo. PCT/AU95/00239. This system

I ncl udes a vaporisation chanber in which is provided a foam mantle for
suspending fuel in a flow of aFUEL/SURPRLY S¥STEM FOR et for vaporising the

fuel . The vaporised fuel | ANINEURNALICOMBUBTION'ERGINEXi ng chanber and
t hen conveyed to an intake manifold of an internal conmbustion engi-ne.

Fuel is supphigﬂ Eg E | ower portion of the mantle via a fuel punp with any
excess fuel scavengi ng systemto a fuel supply. Enbodi nents
of the prior fuel supply system have provi ded nmarked increases in fuel
efficiency where the_fuel consunption in a six cylinder vehicle notor has
reduced fromWP8lind- The Ipresertsinyertiono@latésnts - & ofuelp pupplyi psterh \foR .o intdrnats - per
100 kns. [OO%b‘%&%{H With this systemas a base, the Applicant has
made various nodifications |leading to a further fuel supply system which
operates on different principles, is nmechanically sinpler, and

potentially vl de .fuel efficiency. Summary of the Invention
[ 0004] Througuﬁfélu ﬁ?g&gﬁ‘%ﬁ?ééat ion and clainms the term"thernal

cracking” in relation to fuel is used to mean vaporisati on,
hydr ocar bons to

vol atilisati or decon i tion of high  nolecul af wei ght I

| ower ol ec uI;a Q?zlwe' %Pre_%g ?‘BBfé%bﬁ?é,Pr%}gwaH venkscha sk supBlysygemalescribed June

2006 -2 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,



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

| east: a housing defining a thermal cracking chanber, and provided with an
air inlet opening upstreamof said chanber and an out I?ec’tJU('S'Se%QP g
downstream of said chanber; fuel injection neans for injecting a fuel m st
into said chanber; and, neans for heatinrB-air flowng through said inlet
opening into said chanber to produce heated air having a tenperature in

the range o%obb Acebidfng 10HEY SBdent in’&eﬁ%ﬁ)ﬁﬂw“‘r@is%rf)ﬁ@%diﬁmi E\gfpm)‘siénffo@(:ked
er e

in said chanber by collision wth nolecules of said heat air to forma
thermal | y craeiotemsl gembugtign Q&7 eegine said gystemy insludingiif lepsti s 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 i nt er nal a bowsingsdefiningemtyierenl icracking chagnber, dnd psavided wittambar itetvipegingi r st

and second o I A I i . ndj etween said
opposi-t e end%%?‘%‘&sl?f%&?ﬁﬁmg{r?cfﬁ%re@Oggéﬁﬁgﬁéé“nﬁ%ﬁoggﬁc F \rgg"l‘ wal | and an
outlet opening fornmed in said second wall; a fuel injector for injecting
a fuel mst info.said chanber. an air. heater for heating air to a

t enper at ur e %’FLBE’P Heas o ISC%@?,#PdMH@W#‘Wg% tting said heated

air into said chanber through said air inlet; said fuel mst mxing with
-sald heated air in sai.d ch er to cause . .therma] cracki n%mgf sai d_ f uel
and form a tReatdr] §eapg ak digvinge spid ARlgtiopeping dpte seid chamaber o pradugs e

bei g dr aWhdafeliiTaiilg QuérRiatiuelin 4RFHIS ok OI0°L D6@CEOMbUSE i on chamber of
said internal conbustion engine. 29 June 2006 -3 [0007] Preferably said

inlet opening is of a dianeter |less than a dianeter of said chanber

wher eby  pr esgh&yy0fin Sk dseahd ds %e'[r%%%vs]rc Plrctﬁefﬂl ?”Eh%f?ég’i%{:{alﬂ%ﬂg@iﬁ?ai d

inlet opening Info sai d chanber. erably sai et opening is
of a di amet anolegwes ofhsard beated dintociorm methenmplly 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.



[ 0009] Preferably said chanber is of a dianeter at |least two and a half
times the dianeter of said outlet opening. [0010] Preferably said inlet
openi ng and outl et opening are separated by a distance of at |east 20cm
[0011] Preferably said inlet opening is of a dianeter &P J4ppR8% nately
60mm [0012] Preferably said outlet opening has a dianeter of

approxi mately 42mm [0013] Preferably sai® fuel injector sprays fuel into
said chanber fromsaid first wall. [0014] Preferably said fuel injector

i ncl udes one or nore orifices are arranged about said inlet opening.

[ 0015] Prefer said inlet. ning. s.fo d with an downstream portion
of progr essi[@ﬂd i?&&gggliyr@‘dg&;wg‘?"}g MoPh & fiapeter Q?Sétﬂ“}“ %5?36““5‘?5@2‘#}‘1
further incl chasbe wierby Qrdsture 6080 Rehtod difls piubed wh flowhiE®idugh sBRaMS: t O
control the injectjon oc{ said fuel mst into said chanmber. [O 17?lﬁ
Preferably SQP%"‘%%/@{%%‘ thamPer i ncl udes an air tenperature sensor for
providing a first signal to said controller indicative of the tenperature
of air flowing into said chanber through said inlet opening, and wherein
sai d cont r ol [B108] sPraferably seid @ules opening isoofa diaoeteniesothad sed inlet operiing.f uel

m st inversely with variations in said air tenperature. 29 June 2006 -4
[0018] Preferably said systemfurther includes an oxygen sensor disposed
in an exhaul008hni Prefataldy saidi chamberein gif nediameteatoeastitwg afd acedNtmss geal to

said control I Ngll i of .t he oxygen content of exhaust gases
produced by lé%rﬁwlgteg??%a?\@é egg?e&mgtr acked fuel in said IC engine, and

wherein said controller is progranmed to vary the volunme of fuel in said

fuel mst in I i th vari.ations in said oxygen content. [0019]
Preferably s@ﬁi&ﬁyéfegﬁ?ﬁﬁf?ﬂéﬁeﬁ PEPIDE 88d QUUEL PRADING B5Y Fepatptad byshdistanse ofet
and adapt edatfiedst Zormp! i Ng to an accel erator control of a vehicle in which
said IC engine is nounted, said val ve having a m ni mum open position
provi-ding maxi mumrestriction to flow of said cracked fuel to said fuel

intake mani fpog] apdfefatipididiher Qp&HIng8 9F 4 EiRRheter of approximately 60mm.
[0012] Preferably said outlet opening has a diameter of approximately 42mm.
[0013] Preferably said fuel injector sprays fisel into said chamber from said first wall.

[0014] Preferably said fuel injector includes one or more oriﬁr;:es 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.



providing mninumrestriction to flow of said cracked fuel to said fuel
I ntake mani fold, 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 programed to vary the vol u#J@e2Q98 in said
~mst in proportion to the degree of openness of said valve. [0020]
Preferably said systemfurther includes agcold start fuel injector for
spraying a fuel mst into a conduit coupled to said outlet on initial
operation of said internal conbustion engine. [0021] Preferably said
controller is further operatively coupled to said cold start fuel :
i nj ector for [B018]r ol Prefirabilipesaidosystem fifrtheniécludes bbb @xfgenl sebdt disjesey ibyn sai d

cold start injector an the basis of said ai] tenperature, such_ that said
control | er di?hﬁ‘fs ?%Hf}]dl %%faﬂf‘fét‘:&glpe Pﬂ%ﬂ’rq"?‘é”éﬁ’c?é Wﬂaéﬁg"ébmsaé‘il icontroller
t enper at ur e iigdiaftivécofathe Nd>GEED bohtéR roTedxRhust @asek PeRbed6p REBdRIONSEH Shid

housing is in the formof a_cylindrical canister having first and second

opposi.t.e _axi_eﬁra%ﬁ‘élgle%ﬁéﬁiéﬁ ﬂ;§8¥'&e’eﬂnﬁ Wf%k@%ﬁ@@PUlsfm%mmWFé& vay theans
supply - al I afluidrchublug saifinel ol A HRRELY \alvaiafos i bdla blygsh fggéjgi end; and

wherein said outlet is provided at sard second axi a
According to the invention there is provided a nethod of conditioning

liquid fuel r i ' | L1 an_engi n saji d
meshod i ner udPolt | EReEatR atd Bl aillet BERUAA, QUMM R0 Qiper 28 S
i nl et openi ngdaptedbfor conpllingtd anacoeitiatr cogtabiofig vehicknin vipgosdid &C @nagine is

injecting a I f _Lb gui | jnto said chanber; .i..ntroducing heated air

at a tenper a{%orﬁ'{é“o S%%?%gﬁiv%%”é"f%m%ﬁm B‘ES%‘°§‘£‘%“€‘H§H%P‘%?%“?&PHW nl et
openi ng; Wherflelw of said dratked fusl toessidduehingke tranifalde ndih nakinch @pemR pbaltied ack

said liquid fuel..and. forma t her I racke el angd, heated air,

mi xture; and PEFASPR inin WWE?%%%@%&T%F% g{ek Poﬁmdcg‘ﬁlﬁﬁ@id‘? Bnifelds aj d
~internal conaudhivalve 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.

[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 havﬁg 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



engine. Brief Description of the Drawi ngs [ 0024] An enbodi nent of the
present invention will now be described in detail with reference to the
acconpanying drawings in which: Figure 1 is a schematic representation of
a first embodiment of a fuel supply systemin accordar®luetd?0fhe present
invention; and, Figure 2 is a schematic representation of a second

enbodi nent of the fuel supply system Datailed Description of the
Preferred Enbodi ments [0025] Referring to Figure 1, a fuel supply system
10 for an internal conbustion engine (not shown) includes a housing 12
defining a cA8Ab®r 14 and provided with an air inlet opening 16 upstream
of the chanber 14 and an outl et opening 18 downstream 29 June 2006 -6 of
the chanber 14. Fuel injector neans in the formof a fuel injector 20 is
provi ded in Pméﬁﬁ/gtféﬁﬁnbﬁ Wik 4 iglet gpening af onenensl edean puiR apeting afipa
system 10 fuphl@fie bfic! udes a heater 22 for heating air flowing via a
conduit 17 into the chanber 14 via inlet opening 16 to produce heated air
_having a tenperature in the range of 110 - 260C. The fuel sprayed into

t he chanber 14 wi s alen] A S .thermal Iy cracked by collision
wi th nol ecul é%ecﬁg?%gﬁﬁgggég ﬂal.élll’%ﬁ§ %{1? %‘?mr#bgr’t hermal |y cracked fuel and
heated air mxture which is supplied to a fuel intake manifold (not

shown) of the, engi.ne, via, t.he outlet 18 r conpyst.i jn, conhustio
chamber s (no’tnu'gﬁlg?% h%ﬁeadt%ate% | '?fa%ﬁﬁé%w‘fﬁ’em éé"%ﬁpﬁﬁﬁq ss/a“ichamger

t enper at ur e diaasdaeilet dpehingen the inlet 16 and the outlet 18 wth air
tenperature being |lower at the outlet 18 due to the m xing of fuel (which
is initially at a lower tenperature) with the air and the absorption of

heat in therwhdérbdy, saidofkl mikek Wthf 448 hea@dbsit ﬁﬁﬂllm%a!ug AMdk @fd hqi8d g and

sprayed into_the chanher 14 is thermal]ly cracked by the tine it passes
out through fore adhg y ¢xackeddfgel and heated Ay mixtuse; 24 is coupled with the fuel
injector 20 to control the injection of

b

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



the fuel mst into the chanber 14. In this regard, the controller 24
receives inputs from an air tenperature sensor 26 disposed in the conduit
17, a throttle valve position sensor 28 disposed in a conduit 19 in
comuni cation with the outlet 18, and an oxygen sensof? J4® #®posed in an
exhaust manifold 32 of the engine. [0028]. The air tenperature sensor 26
provides a signal to the controller 24 indicative of the air tenperature
of the heated air passing through the inlet opening 16 into the chanber
14. The cont r¥f[drsghambes E‘gpF%P'&?ﬁ‘i‘?!dmtaﬂs {nthy ferpeo hinjestor 20 as propideddn f uel

m st sprayed Sj):s{bg, i ys) k eSchhbiM {40 —pm.asgg@ i '
t enper at ure. %us atsﬂpﬁgtgjel g%zg?]gyg{i ncrgéi‘s%é, th c%n{qﬁﬁ%zﬁglgﬁéssr%o
decrease the h@@ipm%fogﬂwatmelmrg%vayemia a qonduit Heinththerichambiet 14 V3O opening

Simlarly, t | lanal .fr.om t he ge r 30
i ndi cative g? tﬁ’g&%?r%h%{te%@?g%ﬁgéﬁ%@e eeél}(ﬂlaeus geg%tg@é 6?6??;&@?'?9%16 to
whi ch the f uespragedintorttitCchambgpl4 da thafiel injéetor Q0ris tekhally edcked dyncolltsiors

t he vol une of .fuel, spray v t.he i njector 0'info e ‘ghanber, 14
i nversely wi clﬁ?alﬁﬂ'ggs Q’tﬁ% ﬁ%tegéffég %ﬁ‘ Sr‘ffa@ketd %121 @é&@?‘egﬁu IXBEE Jne
2006 the exhaulséh igaapsied[t®@F0el idthles thdfolh{roy sttrwis o€ ehef snglne afdtha Ratiad gl r

m xture passes fromthe out]et, 18 through conduit 19, as a vapour to a
fuel intake G0 LR ‘éﬁ’i‘@?ﬁ@?“%ﬁ%&%ﬂw&#ﬁhﬁn&’ﬁe conduit 19 is a

throttle (butterfly) valve 34. This valve is linked to an accel erator
control of the vehicle such as an accelerator pedal via a link or cable

36. Val ve 34 [026] 5 Thepe/s 8 fempsEityre gradiepkbedesmrthe inlatilgandtheyoutiptcle | t
id ' of 1o Gt f iy | et
provi des maxingif lefierdnfs ]Ebgflng _Ib@é}. Rfthd BR1F18FE D tl%gﬁm%% %@Md{;% ' €

18 to the fuel intake mani Thi's osition may e idle
~ condition of initidlyetcst Hwer Verhpasatges) avithothtalr aad therbserptiooperhepiosi thenmallyn

which it |ieg.| t i ri I | di.00 481 Al oy

Fost i cti on FaCHRE R 08 Sbyially Ao B oo BLRHR P 14 | Bl o ¢
the fuel intmkkedigrthé tind it phbses vatlthreugiothe butten 18ensor 28 senses t he
position of the valve 34 to provide a signal to the controller 24

I ndi cative of the degree of openness of the valve 34.

[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



The controller 24 is programmed to vary the volune of fuel in the fuel
mst injected by the injector 20 in proportion to the sensed degree of
openness of the valve 34. Thus, when the valve 34 is inits ntnlnuntopen
position, the controller 24 controls the injector 24 28J8pp2008 smal |l er
vol ume of fuel into the chanber 14 fl= when the valve 34 is sensed as
being in the maxi num open position. [0031] The heater 22 is typically in
t he form of amhgmamsgn&;un t her mal contact W t h the exhaust mani fol d 32.

The air inta ran ed t f.romoyer or t heat
si nk I22 I[OO@?L &ﬁﬁ’r”gﬁd@‘f’a}e r&t &Fdd'ttr ?H?sts?sa téger?utkﬁqtghere
wi Il be a defigdugh rtoﬁ&uﬁt 199 Vapeurab a il irtdke nitindfold Jficderighie, Tishobar within

t hrough t he |nIet 16 to effect thermal = cracking of the fuel. To assist in

the smooth ofsercanduhldis & theottle ghustertly) valve 3¢ h.T%nsp‘@l‘reda ligked:tg| ap aseeleratasp

| nj ector 3 8cdn%ropsﬂ}sb @eﬁcnefeﬁms la aGR14P G Delif vtmnq@a%mte 359 VaRle 33RL8%1 N9 2
fuel mst directly into the air passmgﬁthrough the outlet 18 on-its-way-

to the fuel ininimkes omp@smiqn (ascfhgwa tin riigure| lécwbqreéeptoyubssmxmmumﬂom

control of tggm'go(?i{ E)ﬁl’.ﬂeecrrac%éd ang rl}txél%%nr Ouo%t?«{tflsqx tﬁé]ﬁle %Jézln?foldzd'

the tenperature e alr passi he air as sensed by
t he sensor Zfosittoncinapde eguatéd mmmeemﬂtﬁoﬁmf tb«anmhce Mﬂﬁr‘e(34 411008383 a

Further, if the engine to.which t.he.system 10 is. fitted s, been_r.unni ng
For o 25 JurbSE0er B TLRBIN Brovpiftis HeF 5¥ Aisbfeiafiie boGEael RipoF ol
shortly ther@afibheh etrithiai tortﬁs Kdwalf tlm‘mhlly éxaalfddrfﬁeivtbxfobgm tliehﬁntl@tﬂm tethet he

air tenperature, th|n t ke 16, na rea be at
t he t hreshol e]I‘ 312 I 3§ V?TB?F“P&W gé H{%Bl?? &g‘%@&f&
start condi ﬁrb@iﬂe hglghﬂa@t&wtda,ﬂu&mres ictivEyBthe dé&&ecﬁf%&ﬁiekk df"tl?e a3t art

injector 38 will be operated for_ a shorter period of tine. 0036‘] The
e

thermal cr acbpgomstoliendd sysperapumnd fo yarwthe yahumsyof fuelinths fhsl syigtdniesfed By ol ve
one or more @f i @eto zd‘ﬁﬂp&”g‘]’nﬁbﬂftd ﬁw%&@ﬁ 'dQQeﬁBPSﬁe’ﬁﬁes@%?Wenﬂl t gud uel

i nto nol ecul es ovver ecul ar wei ght vaporisation and (c)
vol ati | i sat i when thn valye B4 ds i fits trakgingum jopen m:astlma e fconfrrller R4tcontelsothe an

enbodi ment OlL_]eu& 24! t@ \4&% 'a%Hmﬁ&stllﬁmqe 61%1131%{0%9 e, ilﬂ 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



fuel consunption of a 6 cylinder engine froma standard fuel consunption
of 17 mles per gallon to 60 mles per gallon. [0035] During the
operation of the system 10 the chanber 14 is under a negative ressure
relative to the pressure within the conduit 19. This is?teiset By t he
increase in dianmeter of the chanber 14 relative to the dianeter of the
inlet opening 16. It is further believeddthat the creation of the
negative pressure within the chanber 14 assists in the cracking occurring

i n the chanbegeriofl@@&fde, Frtherctuanki OFF afd fektartddushortlyetierahftd sb eha€ RAaRGER:aPY
the addition of an ,&%Eropri,ate catal yst. [0037] .The chanber 12 is in the
formof a cylFRaIF ¥ icaginf, the ai femprzatyre vathin, thy inteke. 6, gayp ghthsi stast-up d

wal I's 42 and fikadesPRcthe MtsholdABEE] Ar Gd/lchdd thidyGalle BisHindVBlah dﬂﬁnog g%@%&:{‘g

t her ebetween. The end wal |, 42 fornms a base Of the canister 4

provi ded wi t [Fopgidion e srach thenthershald levgh; discordipelycthe 6old; strst injectes 38 widhbeir i |

for directing,eig HEARMAbriol dEBmENe chanber 14. The end wall 42 is also
formed with apghannel 48 cﬁ%doa pfhlljlral ity of risers 50. -which-form part of

the fuel injector 20 for spraying a fuel mst into the chanber 14. Each
of the riser opﬁgbsm ik | P fﬁﬁﬁ .t . | .42 .inside
of the chanb PE’%A an a?lznag?rr ang%gfglg%gtl%ﬁlénsﬁﬂélce égé‘r’ii‘s%hf%%t?ﬁ%"‘”“

di amet er of tdme oomofe efdg) afiort datalyticeacking@rovass dzeothposingdthofuebintt MoRbwEs
sufficient toscause .the fuel to emanate therefrom.as. a mst. Alterngtely,
spray nozz! et A Suohtsily Whigp® SO 280 voRBliT Rt oot B0V ded
a';] t he Fnd ofhas beenrfoﬁﬁmaﬁgebfﬁawémgédimem d&’&rgeiﬁ%ﬁﬁouqfas uéa&oaﬂpﬂov%mémfﬁﬁl .
The outl et opening 18 .my _be r with a diangt ess than that of the
et opent MG £MURRGH OF RS SaNE Cabins frop X aMaHD el PIBPRAIL HBRgS ot

| east two angefgdiRdhfto 60 milespdriaalish. anet er of the outlet opening 18. As an
exanpl e, the in%et opening 16 may have a dianeter, at the inside surface

of wall 42, of approximately 60mm with the outlet opening 18 having a

dianeter in (OEspr defuinl H2ORratbAIthe LARGE 10%he BRI 94 WBLASP adfesBiith 44

i e the axial t[I er?gt h of %he g%nber 40 shoul d be at |east 20cm aﬁ‘l%& I nl et
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



opening 16 is also forned wth a downstream section 47 of progressively

I ncreasing dianeter. In tests conducted on an enbodi nent of the present

i nvention, the pressure drop provided within the chanber 14 was

approxi mately 61b at an engi ne speed of 1000rpm [ 003999 #yngus62
illustrates a variation of the fuel supply system 10. The fuel system 10
differs fromthat depicted in Figure 1 the inclusion of a foammantl e
52, a ball valve 54 and a perforated screen 56 each of which is a simlar
structure an:ioaylecll with onpiodided hiathe /dﬁsﬁrﬂ}dgaﬁzérséﬂm tA@ﬁividéaJﬁdeSnistadf}tﬂmB\Aﬁcl. .

I nt ernationa i.catign No., PCT/ AU95 .. the contents o ich are
i ncor por at ed [EBL; rﬁ’ﬁ)?“ PHHING f?rgag E@mfgmftb]a g ??Fg?af‘}}}atf’ﬁ@e’f%]&?n
mantl e 52 is gpnihf €6.5 Ad4Re tHef didRetaotthd!shadiber 84 1sSpréBrablyeut 188CwAZandla R4

- cani ster 40 extending to about one half the axial l[ength of the cylinder

40. A porti dimesfthe diametgepf the outletperingd8 s antenemp inletiopening 19gnay

retained wthj ham : I I | | on a
post 58 exter%lp?n% amgﬁlb{ ﬁ??‘%‘é‘%%ﬁg ol(f:'ﬂ#lnﬁféroff}gb;%ggﬁtﬂgﬁowgﬁe
arranged to oufittrapeningd 8\lavingw dydmeter ingherorderdf 42mm. (The distdimatbetweed the

chanber 14 wiPRR 2 BRERL 1008 SRR BE AR AR O MR A el Bl e

via the fuel opernihgalté isralso ffadmbdawith audovastrek sebtiqpdT 0P pfifgrdsiinslp Snérbssingal ve

54 to a position where it I ni jri ses the,size of the inlet opening 16 and
Chus t he anoGHREE B e eoafbottdhpEAR FybodiBer ot Bibsep IgpiGR, SHRePErEe | on
of a vacuum dropaprobiIas twithid eieatﬂamemqla&dsv?pmay &lb it hileAgihd @pedaapber
14, the val Vﬁ 34 is drawn upwardly al ong the post 58 agai nst the bias of
spring 60. TREY®B®ward flaring of the inlet opening 16 provides a seat for
the wvalve which also directs air toward the mantle 52. This assists in
cracking fuel suspended within the mantle 42. 29 June 2006 -10 [00411 The
screen 56 whil¥39bxtFigure 2rilvstrates ¢ varaion afitee fughtupelysystemd®: des fyelipysiem

agai nst whic | t LEAK rge
arops. of " uell” arorp Bk BaPipRAG! B FRuB Ty s dgion ok RaRABa Soh bt
made from a ¥alvef4anda 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 whicli also directs air toward the mantle 52. This assists in cracking fuel
suspended within the mantle 42.



material which assists in the cracking of the fuel. [0042] Now that
enbodi nents of the present invention have been described in detail it
will be apparent to those skilled in the relevant arts that numerous

nodi fications and variations may be nade wi thout depard®i4§efd08f t he basic
I nventive concepts. For exanple, the hegter 22 is depicted as being a
heat sink in thermal conmunication with”“the exhaust manifold 32 of an
engi ne incorporating the system 10. However, in an alternate enbodi nent,
t he heater 22 may be a separate electric heater di sposed in or wound
about the | N@ER 1 ryd kel whiEh SdehBPrdalhng Qb itk Aharkie HifFoRaROg RNt
shown in e Sys e pr V|ded wth an axially

ext endi ng coaghinﬁ wihich the |s;t1ng6ﬂmpmatesaandmismdﬂotbreﬁlﬂm¢m Injee cireps oftfuelo

chanber 14, " PRbieRaRe ot R Sy B B bty of BB SR el

in the CondUh{atelﬁchﬁmwmmtmmquﬂmmeno the mixture rovm ng fromthe
- outlet- 18. This may be beneficial for targe capacity engi nes such as
| arge V6 or VS engines particularly at high engine speeds. The val ve 62

can be oper ayagiapn NoAAnRARILEdcnR T re ACHHROR hiVotRbN Aiseribed!ty deat it

controller provi de vary Akﬁ anmounts_ of auxiliary air ependi ngﬂ

engi ne speed‘i\t!Jll bp@aga:eqtdgzﬂy]se led e Fhenslevant GaS sk SUZSEPUS 29 cIaB?I%S

toget her th}agagiaﬁm y'\ﬂ Gt d ueoﬁl%@wﬁeaﬁenate ebiecp@r Yrski | |
in the art are deene w thin the sCope of :the present I nvention the

nature of whexdmpls, ﬁl@h@&erc?étle ﬂﬂm'iﬁedi a-bbem&e et sink in dhramplpnopumumication itk

ggf)legsl\gd ! aﬂ\‘ fi‘e’%gsstJ E{?Efm?c?or et m?ﬁr na l.dé;gﬂrff@gsttl gﬁ@eﬁ%ﬁ leﬂ;l%«?ér};ee*qgaﬁie =

systemi ncI udltagatatembbemmht, the heatisri 2%gymete ok rai separatet dhestmmheater alisposesl mhember
o, B O o0 e B . B0 ) RS o B A
injecting a Fygke ] e syited BRigly Haaprbeded with an ax1ally extending conduit in fliid
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.



- said fuel ms

means for heating air flowi ng through said inlet opening into said 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
collision with nolecules of said heated air to form a 48R cracked
fuel and heated air mxture, which is sugplied to a fuel intake manifold
of said IC engine via said outlet opening."2. A fuel systemfor an
internal combustion engine including at |east: a chanber having first and
second opposi1E AT A Edse & pn are 4s kolowsrdi ng bet ween sai d opposite
end walls, with an inlet opening fornmed in said first wall and an outl et
opening forned in said second wall; a fuel injector for injecting a fuel
m st into sail chakifesl;systemdor athimiirmal chmbustien(§G)gngine, sanl systeanineludingraee of
bet ween 110C to0,260C, a conduit for directing said heated air into said
chanber throJﬁﬁ“Said air inlet; said fuel mst mxing wth said heated air
in said chanber to cause thernal cracking of said fuel and forma
thermal |y cracked, fugl. and heated air mxture, said mxture being drawr -
from sai 3 outt BRingeOBME FPROH. FrOnE CRAAISD B PRI N D Wi oReanan
29 June 2006 yphedn®6Pdasd EHAMbEFWidRE oulet opbinSISHAtFeas 60481 dlnber; Cl ai ms 1 or
2 further including a controller coupled wth said fuel injection neans
to control the injection of said fuel mst into said chanber. 4. The
system accor di : i fi l'a i Ghiskd ; herl erature sensor
for providi ?Sglgnj}e?#ﬁﬁg%%arlmj%%&gé‘iﬂdacont ?@%F@:&hiﬂﬁ%ﬁr’cat ve of the
tenperature of air flowng into said chanber through said inlet opening,
and wherein ' 1 IS . Iy . O f fuel in

s 3 Yol B slohil BB URE 8 ot b Sl liBordy prodce 71
syst em accor dieagd aiy heviag etetnferatyrh én thie narige df hif° aR6@Cygen sensor di sposed in
an exhaust manifold of said I C engine and providing a second signhal to
said controller

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 ouflet 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



I ndi cati ve of the oxygen content of exhaust gases produced by conbustion
of said cracked fuel in said |IC engine, and wherein said controller is
progranmed to vary the volunme of fuel in said fuel nmist inversely with
variations in said oxygen content. 6. The system accor &hlnec08fai m 5
further including a valve provided in sajg%putlet and adapted for
coupling to an accelerator control of a véhicle in which said IC engine is
nount ed, said val ve having a m ni num open position providing maxi mum
restriction t@‘&%%mg“?ai d cracked fuel to said fuel intake manifold,
and a maxi mum open position providing mninumrestriction to flow of said
cracked fuel to said fuel intake manifold, and a valve position sensor
provi ding a t#ird Eheysusten: according tooelaims| 1 or 2j fadherdnélvdingfa dohtrolletampupled of

- openness of s : : N Sal troll.er ks .Qregranmed. to.vary
the volune o hﬁus\eéu%i ?‘%1 s"@?‘gmr‘#gtgﬁs ?"p‘%%’%%fﬁlo’?\’% tcégl{ ﬁ£ Sﬁ@gﬁ@e %BHJeﬁﬂ ss
of sai d val vechathbefThe system according to claim6 further including a cold

start fuel injector for sSpraying a fuel mst into a conduit coupled to
said outlet on initial operation of said internal conmbustion engine. 8.
The system actor diTig stystemlalizbdrdiﬁgft?lblghﬁs fluigehr diﬂixﬁ?@ﬂiﬁr&?ﬁ:{hﬁﬁé génsgmogper
29 June 2006 -13 .pperatively coupled to,said cold start fuel injector for
control ling tm“%ﬁ%&f@“&ﬁ@ﬁﬁ@“ﬂmmfﬂ%ﬁﬁ%f@h@smaemw of pirflowing inde ar t

i nj ector on tdaRl dagiber dlouphisidahlet SRATAGS HAUNKRreA 6Aid bhiifolBRls brogrABideaks €
di sables said cold start e}u i nj ector when said air tenperature is above
a threshold ¢ ofpme 05 qlhin $4idi Weh aigtoinyene)y ¢ with ipriawansofn gaidi sis 1- 8
wherei n sai d teRphtugRening is of a diameter |ess than a dianeter of said
chanmber whereby pressure of said heated air is reduced upon flow ng

t hrough said-inlet opening into said chanber. 10. The system according to
any of clai 1-9 ' | ' 1.8:.Qf ' L. ) ess.than
said inlet (r)rf)séni ngﬂe%i.ﬁh#ﬁg&lsrﬁg?gn#@%cgr | nﬂﬂglg&ggfngfy%bgg‘%&{{s‘i & erein
sai d chanber ansxbiushnanidold of said € epgins and providing aicond siges td sndd domralieer  of

sai d outl et qgcﬁ@eltﬂg'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 contro} of a vehicle in which said IC engine is
mounted, said valve baving a minimum open position providing maximum restriction to
flow of said cracked fuel to said fuel intake manifold, and a 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



12. The system according to any of clainms 1-11 wherein said inlet opening
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
di amet er of approxi mately 60mm 14. The system accordi iy 445€8¥P60f cl ai ns
1- 13 wherein said outlet opening has a m(iisamater of approxi mately 42mm
15. The system according to any of clains~1-14 wherein said fuel injector
includes one or nore orifices arranged about said inlet opening. 16. The
syst em accor dopsEptively senplest to spid icold startTeel ipieotasifer eoatrelling thetvolvperaf dusl irsthe

formed Wwth i . Y ' ' ' :

17. The syst e%e%yry n to%gfrﬁly%&%ﬂg{&n%ﬁg&%g 0\%%%?%? rﬁe'hggl&gﬂ ?ﬁgmﬁjgéét or
sprays fuel dontrolles alishbleh saidecold starh faeli ijetior vthemashid. aif $erdperatur2 G0 Gbeveda 18.

A met hod of ¢ ré%éotldgm ng. liquid fuel prior to conmbustion in an internal
conbusti on entg‘f : ¥ hod i ncl uding the steps of: providing a chanber
with an inlet opening at one end and an outl et opening at an opposite

end; injecti a m.st of liquid fuel intg sai- hanber; ;i.ntroduci ng heated
air at a ten%r at sﬁ#‘ﬁ@[“%&%ﬂg ?l%%og%@sﬂﬁg &%ﬁmwmﬂgég ofaj ¢

i nl et openi NGiarkétér REYthad Al dlarhéted ofMdakE shatibeh whareBy PREIES ofikdid heatbdal B! | Y
crack said liquid fuel _and forma, thermally cracked fuel and heated air

“mixture; and Tedused nepndiavingihiqugh gaid indst ppeping infgspid changher.c onbust i on i n sai d
i nternal conbustion engine. 29 June 2006 15 19. A fuel systemfor an

I nternal conbustion (1C) i :
10.  The system according to any of claims 1-9 wherein said outlet opening is of a

diameter less than said inlet opening.

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,



engi ne, said systemconprising: 5 a housing defining a thermal cracking
chanber, and provided with an air inlet opening upstreamof said chanber
and an out | et openi ng downstream of said chanber; a fuel injector for
injecting a fuel mist into said chanber; and, 10 an ai49 %2906t hat heat s
fresh air prior to flowing through said LQBEt opening into said chanber
to a tenperature in the range of 110C to 0C, said fuel being thermally
cracked in said chanber by collision with nolecules of said heated air to
forma 15 th&¥-nal ﬁyn@ﬂ’é’ék@ﬂ cpnslitioningd ligeidt fgl girior rtb x¢amtestionh ire i #nternal

supplied to acdMalsti dgq% gine via said outlet
~opening. 20. The syst ccor %tﬁ%g %L%ﬁgthgqsﬂfgsﬁpurther corrprl sing 20 a
controller coupled with said fuel injector to control the injection of
sai d fuel nls cha . yst ccording to claim20,
further conpr g?hg% a%m§ gﬁﬁ@ﬂﬂ%ﬁ?@”@ Fmsﬂﬁiﬁﬁng %ﬂ#mﬂﬁﬁo%¢gnal
to 25 said comdtol | er indicative of the tenperature of air flowing into

sai d chanber through said inlet-opening, and wherein said controller is
programmed to vary the volune of fuel in said fuel mst inversely with

variations i ninjebingh Rist of IRATIFEGAD Said Shnbér; The system according to claim
21, further conprising an oxygen sensor dlsposed in an exhaust manifold

of said 1C engine and providing a second signhal to said
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.



controller indicative of the oxygen content of exhaust 35 gases produced
by conbustion of said cracked fuel in said |C engine, and wherein said
controller is programmed to vary the volume of fuel in said fuel m st
inversely with variations in said oxygen content. 29 JZhéumEod¥616 23. The
system according to claim 22, further conprising a valve provided in said
outl et and adapted for coupling to an accelerator control of a vehicle in
which said IC 5 engine is nounted, said val ve having a m ni nrum open
position providing naX|nun1restr|ct|oh5to flow of said cracked fuel to
said fuel intake manifold, and a maxi rum open position providing m nimum
restriction to flow of said cracked fuel to said fuel intake manifold,

and 10 yal I &4 d
nd a Y8. V?Egﬁ%ieog?fseﬂbﬁpr #90Viadi Ngr@elbihid SLaBakeish Saifk)

controller in t he degree of openness of saird valve, and
wher ei n s&PEiR®Nt 7Y STYSLEHCOFPEAREASt 0 vary the vol ume of fuel in said
m st % proporalhnubmnghdefdagngeaoﬁﬁmpemﬂe&&a@miagidﬂmm&me~ End®4. The

system an%ngatQuﬁ'ha' Sa1f UIRk CoppAis) NGp sff:r%%}'nd St ardafdie!

i nj ector rayin into & conduit cou to said outl et
on |n|t|th6$E?5I?%ﬁ1%ﬁ °Q£%Q& Pﬁ?@?ﬂ%ld?%ﬁﬁﬁﬁﬁﬁmm? ﬁ@ﬂﬁeCh?@b?E The
system accor di agfuéDd thiedrd, fahetejartsiaigd a cludl ahisr irsccoperiat i vel y

coupl ed tghggﬂgrgqthstart f uel

10 an air heater that heats fresh air prior to flowing
through =aid inlet opening into said chamber to a

temperature in the range of 110°C to 260°C;
gaid fuel being thermally cracked in said chamber by
collision with molecules of said heated air to form a
15 thermally cracked fuel and heated air mixture, which is
supplied to a fuel intake manifold of said IC engine via

gsaid outlet opening.

20. The system according to claim 19, further comprising
20 a contrcller coupled with sgaid fuel injector to control
the injection of said fuel mist into said chamber.

21. The system according to claim 20, further comprising
an air temperature sensor for providing a first signal to

25 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 veolume
of fuel in said fuel mist inversely with wvariations in
said air temperature.

30
22. The system according to claim 21, further comprising
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

35 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.



I njector for controlling the volune of fuel in the fuel mst spray by
said cold start injector on the basis of 25 said air tenperature such that
said controller disables said cold start fuel injector when said air
tenperature is above a threshold tenperature. 26. The &4end®cording to
claim19, wherein said inlet 30 opening is of a dianeter |ess than a

di aneter of said chamber whereby pressure of said heated air is reduced
upon flow ng through said inlet opening into said chanmber. 35 27. The
system according to claim26, whereini8aid outlet opening is of a

di aneter less than said inlet opening. 29 June 2006 17 28. A fuel system
for an irMerndheceybosti encendine tcompinsiafy: farcherbecmhavsngafirst and
second oraoqsaltv% b WRlelsS 1naRd i@ %@@e\efahhdeéesgééagfggt \A@ﬁ 1§ﬁ§d opposite
end 5 walls, with an inlet forrre said fir and an

outl et opghiHy FCTHEF TS J‘F'):§é’ orrd alYe et |‘ﬁ‘]”e‘§1 o‘?ajf%r Fnjecting a
fuel A stengine sasd mcmmmluhr sandaivaleat haviog heatiimgmumeshpanr prior to

said 10 acrsq%hoﬁl pridAWiRG 'rﬁgﬁﬁﬁi dr&é\@m&r &Iwa'gméal & nkglg opening;

a conduit for di I‘EC I n sai.d heated air into chanber through said
g
air inl etcracked fue said fue intake mani and a maximum

open position providing minimum restriction to flow of
said cracked fuel to said fuel intake manifold, and a
10 valve position sensor providing a third signal to said
controller indicative of the degree of ocopenness of said
valve, and wherein said controller is programmed to vary
the volume of fuel in said mist 1in proportion to the

dearee of openness of said valve.

15
24. The system according to claim 23, further comprising
a cold start fuel injector for spraying a fuel mist into
a conduit coupled to said outlet on initial operation of
gaid internal combustion engine.

20

25. The system according. to claim 24, wherein said
controller is operatively coupled to said cold start fuel
injector for controlling the volume o©f fuel in the fuel
mist spray by said cold start injector on the basis of
25 said air temperature such that said controller disables
said cold start fuel injector when gaid air temperature

is above a threshold temperature.

26. The system according to claim 19, wherein said inlet

30 opening is of a diameter less than a diameter of said
chamber whereby pressure of said heated air is reduced
upon flowing through said inlet opening into said
chamber.

35 27. The saystem according to claim 26, wherein said
outlet opening is of a diameter less than said inlet

opening.



said inlet opening, chanber and outlet opening 15 relatively di nmensioned
to cause a reduction in pressure of said heated air when it flows into
said chanber; said fuel mst mxing with said heated air in said chanber
to cause thermal cracking of said fuel and forma therd%al4¢ 20P8cked f uel
and heated air mxture, said 20 m xture being drawn fromsaid outlet for
conbustion in a conbustion chanber of said internal conmbustion engine.
29. The systen1according to clai m 287 further conprising a controller

coupl ed h sai ' ectar to contral ection of said fue
m st i nt\cl)gatsal ?J‘ g‘éﬁ‘g %8rsya$rf e SCE0R I n%orfeLD A 289 FGr t her
conpr|3|n§mmansamg tenperature sensor for providing a first signal to

sai d control | & dnagdbeat huelﬂé thesd eqmeratdird @ppaish t30ehbiowhnysi nto said

chanber through said inl 0 and,_ wherein, ald con roller is
progr ammed' ogva?yé?r1wal ﬁgg égh?uﬂbetﬁefgl a7 12| ttFfve?’é‘%ly Wi th
vari abi onvalilg, geith agn uehpbrapanéngwozmedm@ sﬁg@tdenfmmahg to claim

30, furthe %Q”B&\:ié@gop@xﬂhrﬂj(mﬁ:ﬁ}le%eﬂﬁoﬁa@tis@@é&dﬂWhﬁn exhautst Imlslmfol d
sal contr er

of said |1C engine.an r a_second sig
"ni cat i ve of A HECdx)GaRCEsh SR 4P ERRNtE: = 9509hnB:5B0s™58 Fakds pr oduced
by conmbusthagwewsf said cracked fuel in said |C engine, and wherein said
control I er isaproghametd0 fyar Mesbfngokyaghotal&uqirﬂd} s dshygl m st
Inversel%reshhafgﬂkfé$8£§ Rﬂtgaéalgx¥§53m%%”%.rough said inlet
opening;
a condulit for directing said heated air into said
chamber through said air inlet;
said inlet opening, chamber and outlet opening
15 relatively dimensioned to cause a reduction in pressure
of said heated air when it flows into said chamber;
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
20 mixture being drawn from said outlet for combustion in a

combustion chamber of said internal combusticn engine.

29. The system according to claim 28, further comprising
a controller coupled with said fuel injector to control
25 the injection of said fuel mist into said chamber,

30. The system according to claim 29, further comprising
an air temperature sensor for providing a first signal to
said controller indicative of the temperature of air
30 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 wvariations in

said air temperature.

35 31. The system according to claim 30, further comprising
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



5 32. The system according to claim 31, further conprising a valve
provided in said outlet and adapted for coupling to an accelerator
control of a vehicle in which said IC engine is nounted, said valve
havi ng a nini mum open 10 position providing maxi mum re@9rduwei28R6to f1 ow of
said cracked fuel to said fuel intake manifold, and a maxi rum open
position providing mnimumrestriction to fIOM/of said cracked fuel to
said fuel intake manifold, and a 1&al ve position sensor providing a third
signal to said 15 controller i ndi cative of the degree of qgpenness of said

val ve, an@P s rRiivssidd byoserBHPELOR sObr BT AnTRRFRSS VRIS ThéEAE une of
fuel in saldengsie] Nnapdopheredtn baitiheondeglter ofisopengessmefi sai d val ve.

20 33. The, %ﬁé“@&f&ﬁéj'w AR Al By Al Nl COMEAg 1Acf0l d Start

fuel inj ect or spra |ng uel into a conduit coupled to said
out | et onvqlffﬁat'%’éﬂnsoﬁ@r &eit noﬁYge%a‘F%P‘%Eiﬂter nal conbustion engine. 25 34.
The system according to claim 33, wherein said controller further

operati v]%%/ucolq%l %S{ %I ?oggmgs{:grgl IHehl nflﬁlqcf%gt r T ergtlrngl ling the

vol.une o y sald art Tinjector on the

basis ofas@iveai FrQ‘éﬁﬁféﬁf a‘tfhrﬁls%cqﬂlttlrﬁﬁ desiecoiogr G%P&|1§Hbl es said
cold stargo f&!ﬁ‘| ab@damfﬁowm@dmtslaﬂd &f ra venperat inewhscabesedaIthr eshol d

emens, 1L gPLogUTLE 2SR 08540 Sk, MBS, S 1
presddre mfsaion HRRPEiag maxiBamCEgstriction to flow of Said
cracked fuel to said fuel intake manifold, and a 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
15 controller indicative of the degree of openness of said
valve, and wherein said contreoller is programmed to vary

the wvolume of fuel in said mist in proportion to the

degreé of openness of said valve.

20 33. The system according to claim 32, further comprising
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.

25 34. The system according to claim 33, wherein said
controller 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

30 disables said cold start fuel injector when said air

temperature is above a threshold temperature.

35. The system according to claim 28, wherein said inlet
opening is of a diameter less than a diameter of said
35 chamber whereby pressure of said heated air is reduced
upon flowing through said inlet opening into said

chamber.



upon flow ng through said inlet opening into said chanber. 29 June 2006
19 36. The system according to claim 35, wherein said outlet opening is
of a dianeter less than said inlet opening. 5 37. A nethod of
conditioning liquid fuel prior to conbustion in an i n28rdvae 28086busti on
engi ne, said nethod conprising: providing a chanber with an inlet opening
at one end and an outlet opening at an opposite end; 10 injecting a m st
of liquid fuel into said chanber;19introducing fresh heated air into said
chanber via said inlet opening; reducin ressure of sai.d heated air upon
entry int3¥- sdh§® cR¥FbER; i%ccr‘ﬁg‘;&ri'ﬂg & dgﬂgé‘i“ wih AT Hieat 88Gir to

t her mal | yutdreackosanihd i gsi doff uel dimindterrm deshertiminl yszidickedefuel and
heated aid,dfjpHure; and, drawing said mxture fromsaid outlet for

.

conbusti of in-said internal combustion engi ne. 20 38. The net hod
according to claim 37, wherein said fresh air is heated to a tenperature
of beswear.11@C ardhd60Cof conditioning liquid fuel prior to

combustion in an internal combustion engine, said method
comprising:

providing a chamber with an inlet opening at one end
and an outlet opening at an opposite end;

10 injecting a mist of liguid fuel into said chamber;

introducing fresh heated air into said chamber via
sald inlet opening;

reducing pressure of said heated air upon entry into
said chamber;

15 mixing said fuel with said heated air to thermally
crack said ligquid 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.

20
38. The method according to claim 37, wherein said fresh
air is heated to a temperature of between 110°C and 260°C.



