WD 02/ 099265 PCT/ AU02/ 00708 1 | MPROVEMENTS RELATI NG TO COVPRESSI ON

| GNI TION ENG NES TECHNI CAL FIELD 5 This invention relates to engines of a
type of t eworoefoer2zs®d to as "di esel engines" but which arepaoraogeomsal |y
descri bed as conpression ignition internal conbustion engi nes. BACKGROUND
ART 10 Wil e such engines use "diesell as a fuel, such fuel can be
usefully supplenented by other fuels in certain circunstances. This

i nvent i onMRRAQVEMENTS REEATHENG I COMBRESSION KENETIONEMNGINES and to an
15 arrangenent for using supplenentary fuels in engines of this type.
Characteristics of this type of engine include a main fuel injection
system nEREINIEALIHERBe an anpunt of main fuel being injected into the
engine in response to |oad demands on the engine, and an air supply. This

type qf ine rks st, 20 with an _approxi mat el y.congtant, pressyre cycle
uht oh Spr Udbvelitha Fediieenaiags P nARLoTRT (et g 8RS e NP peci 11 ¢

fuel consyiRiHION ard BIRY Genbrill§ dedBabed as cBRIpreSAeh iohitsilintyadr One factor

inthis is that in order to achieve a reliable and "1 nstant 1gnition

requi r es confilggtioni erfgimeshi gh cetane rating but in order to then achieve a

| ong slow burn requires a fuel with a | ow cetane rating. To achi eve 25
reliable ignition with a subsequent |ong slow burn then essentially

requires BN@KG&@)UW\%ﬂh‘ﬁ uels. This is where fuel supplenentation can be
very advant ageous ere a min fuel is a fuel wth a high cetane rating

and tllee subsequent supplenentary fuel is a fuel which is high octane and
| ow cetane rating. SUBSTI TUTE SHEET gRULE 26) RO AU WD 02/ 099265
PCT/ AU02/\bitgsuch engines use “diesel” as a fuel, such fuel can be usefully

supplemented by other fuels in certain circumstances.

This invention relates to a fuel supplementation process and method and to an

15 arrangement for using supplementary fuels in engines of this type.

Characteristics of this type of engine include a main fuel injection system, means
to change an amount of main fuel being injected into the engine in response to
load demands on the engine, and an air supply. This type of engine works best

20  with an approximately constant pressure cycle which provides a relatively flat
torque curve and generally low specific fuel consumption. However this ideal is
not readily achieved. One factor in this is that in order to achieve a reliable and
instant ignition requires a fuel with a high cetane rating but in order to then
achieve a long slow burn requires a fuel with a low cetane rating. To achieve

25 reliable ignition with a subsequent long slow burn then essentially requires two
different fuels. This is where fuel supplementation can be very advantageous
where a main fuel is a fuel with a high cetane rating and the subsequent

supplementary fuel is a fuel which is high octane and low cetane rating.
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21t is currently known to provide sone fuel supplenentation by adding
suppl enentary fuel into an air supply where a "diesel"” or conpression

i gni ti on wergiopees s turbo charged. 5 However, one of the dcfifAwalodioss that
currently exists is the difficulty of ensuring that there is an
appropriate ratio of supplenentary fuel and air t hrough changing | oad
conditions. DI SCLOSURE OF THE I NVENTION 10 In accordance with this

i nvent i onlt id cureardlyfloomdh toharovideesame fuel suppleimpntéiiaraby addihgant age achi eved
by providing, that, an_air supply for a conpressign ignition type engine be
1 awn t hr SRAPTRNEFY SR IHB.AT &if PURRlY NGRS Racined]. QIGOMBRrespion Igrtiory
pressure LES, &chh such air and then connecting the | ow pressure
core 15 d%ﬁgﬁ§sgﬁk Sorﬁﬁﬁ formed with a supply of supplenentary fuel so

that the supplenentary fuel will be drawn in to the | ow pressure core of
the vortex and thereby be supplied through an air intake of the engine.

Such an JPPWRYWERE of thedificuitios that Aerenth exisisds the difficully of@pPsHERGe t hat a
>0 beaof L ! g I . AV I
char act orTefinetéls & AboRickiaft) ot St ARORIFGHAN et Bho ol (TRUIREGRY "

This is ilpagedhdighsti on for instance with nore traditional techniques used
to effect control of proportionality. 25 In this way then, it is found
that the ratio of supplenmentary fuel to main fuel supply can remain nore

const ant | I s even though the engine speed and the
air bei n&ﬁ(ﬁ.ﬁ@pﬁ%@ﬁﬁgd@%ﬁﬂ result of that engine speed will not
vary jgubstantially through such changing | oad | evels. SUBSTI TUTE SHEET

(RULE 26) RO AU
In accordance with this invention, | have found that there is very significant

advantage achieved by providing that an air supply for a compression ignition
type engine be drawn through an arrangement effecting a natural vortex with a
low pressure center core with such air and then connecting the low pressure core
15  of any such vortex formed with a supply of supplementary fuel so that the
supplementary fuel will be drawn in to the low pressure core of the vortex and

thereby be supplied through an air intake of the engine.

Such an arrangement | have surprisingly discovered has an advantage that a
20  beneficial ratio of air and a supplementary fuel is maintained by the

characteristics of the natural vortex through changing load conditions.

This is in contradiction for instance with more traditional techniques used to effect
control of proportionélity.

25
In this way then, it is found that the ratio of supplementary fuel to main fuel
supply can remain more constant through changing load levels even though the
engine speed and the air being drawn into the engine as a result of that engine

speed will not vary substantially through such changing load levels.
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WO 02/ 099265 PCT/ AU02/ 00708 3 This has a significant advantage that

t hrough an operating cycle of an engine wth changing | oads that the ratio
wi |l be kwptozseehs t hat pre-ignition that mght otherw sePog/Aaaaeens by an
excess of supplementary fuel will be reduced. It also has the advantage
that a high octane fuel can be used as3the 5 suppl ementary or auxiliary
fuel. The advantage of this is that once ignition has been effected

t hr ough tTids hasar sigsificanteddviantagesihat threugh ahepeirativeg cyuole of ag ehgigie  oct ane
fuel will extend a burni eriod contributing to a nore extended constant
pressur e Wit SU@’F\Q'E‘E&%&"H%E%%’%PM'RPQ Kept sHeT that preignition that pHglhnt i on can

be sai d tgaLAHLIBel dhudelBy MFeRless AR ¥HRNGhaS BRI RITRSE Alduckye! supply to
conus whi ¢

a conpression ignition Interna on engi’ne, I'ncludes the step

of havi ngt alsodias thepiviintagetthat & higmecthne Stielcanstselused pasise t hrough a
natural vortex creator, and effecting a supply of supplenentary fuel to
t he eAgi rdARlemaktasyacawgliany deele Fogtasivantags ofithisds that@apcerigrition Bagr ea

within a c i .t he
Vortex oreERTecE ol uhFboiBlessRit SHinE R Ee} & gl R IndHidH hei
speed consdtame AR Wil edtend QVIRMATg Péridtl CORFiBamR) B a ARSEXEéehddd duhatdntbei ng
achi eved by an increase or decrease in fuel being injected into the engine
wi t h subdireasurglthyoudghdhe bweniagcyclew 20 bei ng mai ntai ned. This however neans
that there will be relatively minor changes in air flowrates in response
to | oad out put changes. My discovery has been that by use of the natural

vortey thy Frh tﬁén,&Ha%\&é@gﬁ%ﬁ Eé‘@%idt%@ir@ﬁd{e% aﬁﬁ@tfh%%?%ﬁBPIgE@ gupply of

fuel In fluid formis provi at a substantially constant ure so
t hat t he supplamentary fuel sbeplydo suqophpredsiontignitibr irntermab cesbustor eggiae, of 25
t he vortex ' lon to such Iow&ressure and this in turn wll

wW Ll be in propor
resul t i AVBCh mlﬁﬁt@wsﬁﬁ%Fawpgram'bsmlm & 8NGINF el GRYSed pPR8RYl to a
downst r eafo reg Rhtural&fiieXcreator, and effecting a supply of supplementary fuel to
the engine by introducing supplementary fuel into a low pressure area within a

15 centre of any natural vortex adapted to be created by the vortex creator.

A characteristic of such engines is that they have their speed constrained by a
governor with increase or decrease in power being achieved by an increase or
decrease in fuel being injected into the engine with substantially the same airflow

20  being maintained. This however means that there will be relatively minor changes
in air flow rates in response to load output changes. My discovery has been that
by use of the natural vortex the amount of supplementary fuel being in
preference, the supply of fuel in fluid form is provided at a substantially constant
pressure so that the amount of fuel being supplied into the low pressure region of

25  the vortex will be in proportion to such low pressure and this in turn will result in a
relatively constant ratio of fuel to air being supplied to a downstream “diesel”
engine.
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SUBSTI TUTE SHEET (RULE 26) RO AU WD 02/ 099265 PCT/ AU02/ 00708 4 In
preference, the fuel being a fluid is a gas although liquid fuels can be
used in WOhewnIznst ances where there is a prelimnary vap®CrsdioR/oemopy use
of a second natural vortex creator. 5 There is advantage in providing a
suppl ementary fuel as a gas in that thi*s then provi des a hi gher octane

fuel which is then mixed with a Iower octane fuel so that there is a
| onger bunrpretarenceidhefieal being:a duishin abgamalfeoughdiauich uals caabe usediinf er ent

fuel f L.nst wh th I t fuyel is hyd ._Thi
orovi de. o eLARIRER e iolsS AR ERYr AR uek BLASoRMd o thor o
may be soiutdserter cidibei ency which however is acceptable. The advant age

of the invention in providing reliable main fuel to supplenentary fuel
ratios in varying |load conditions is even nore useful wth such a gas

wher e _hi supplenent to main_ fuel ratios are,desirable, 15 I n experinents
conduct egﬂé%eﬁgﬁavﬁ"ﬁag@ IR BIRVICIPG & SsuRRlerpaniany: & Psfau%q‘%'nst%l@mhdﬁ I?‘such
t hat the : ] X ' i : f ' ' 1 as
Compar oq {EVRes H e Fottang Wit IRy et idnerbd dio R katar, 5°;
LPG 20 Thereadvalonggebuofratdi s arrangenent in a preferred exanple offer at

| east one or nore of the follow ng; nanely, additional power avail able
froman existing engine, |ower exhaust tenperatures that otherw se would

oe 1P Uflck el o oSO8 SRR RN 05t

savi ngs. e creatron o X

appr apr i ahelsypplansatianeioesistydregat. Thiesam prsiidefdrix@restelpcleafddi t al i gned
so as to cause the air to be drawn through these to forma spiral path. A

nat ural \RIMrerMentallygegebewputscwhilethese maybe semedess in efficientywdictpr essur e
than its o0t SlerR@hESeptdBieSThe aila$gE e iefition in providing reliable main
fuel to supplementary fuel ratios in varying load conditions is even more useful
with such a gas where high supplement to main fuel ratios are desirable.
15
In experiments conducted so far, it is found that the balance of fuels should be
such that the total mixture is slightly lean for instance, a ratio of 20:1 as

compared to perhaps a stoichiometric mixture of 16:1which is the ratio for LPG.

20 The advantages of this arrangement in a preferred example offer at least one or
more of the following; namely, additional power available from an existing engine,
lower exhaust temperatures that otherwise would be expected, less fuel and oil

contamination, smoother running and costs savings.

25  The creation of a natural vortex is possible using appropriately shaped vanes or
apertures passing through a conduit aligned so as to cause the air to be drawn
through these to form a spiral path. A natural vortex is one where a center of the

vortex is at a lower pressure than its outer parts. This is in contrast to a
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SUBSTI TUTE SHEET (RULE 26) RO AU WO 02/ 099265 PCT/ AU02/ 00708 5 Pri or

exanpl es of gas suppl enentation have been traditionally of what is called
"a gas fuwDgawdnnstype" where at a selected | oad on the "acCesdio2/oemnsgi ne,
gas is introduced into the intake manifold in order to increase the power.
An exanple of this is available curreﬁtly on the Internet at the URL being
www. bul | ydog.com or 5 there is a system known as "torque master systent

for trucklidyexgmplee of gas suprlgmentatian haveeeemtraditionalsrRel whatrs calledier such

previ ous Jfechni qu pplenentation, rate of 30%,suppl enentary . fuel by
hetoht as ey yBEERLBIT oba SeERs o8 Sn e HBS8P s8le, Sebiea by 1o
t he i ndushf i infekle H lih Btderitd i W Ip, Lon has
resul ted ir%dlg(feec{il ing?lfi*{éit Ig%ﬁ(ef f g@@d%ﬂc{]erég&d?téﬁ?i‘t | ncrvéiﬂsjeﬂtﬁg%@gg% gﬁl e.
Wt h the tbisris @vailable entrieotly andhé inteslediat thre UBLt bheing mvodibnitydog.com. or

the total fuel provided has been found to be

| L tq 75% of | ,
S ooni Bl o iPteB SYstemmewn g itorua Bacier Susem Fabiaoeold Bgen then

| nprovengg isFé';l'egri@déemSF ?Aﬁﬁglwﬁ' exhaust tenperatures lowered in

several trfFa y some 40C. urther formthen the invention can be
said to reside in a nethod of supplying a fuel supply to a conpression
ignition internal conbustion_engine which includes 20 having an air supply
to the eréfdgr UChqrevigus ieFhniaysiss @ supplamentationralef 393 serplementary, and

effectin I to the,. i.ne by intrpducing
suppl erreﬁ%'gir@nglgﬁt ?‘%t"@”ﬁ’%’%&ﬁgﬁ{s@i‘gh?@ ngﬂ%gsg)ﬁ%‘r%ﬁceﬁ&éﬁb%f any
nat urigl  tHe@industiyeds@ pedctishPGhgdt lihieinAhE Bigher SapMemeAtation MisSe8uREge the
main fuel supply is of a high cetane rating and the supplenmentary fuel is
of hi gh d@Pserégnitian afects whichemakeribis in¢reaseppheeentabley fuel is being

provi ded at a substantially constant pressure to the |ow pressure area
within a central area of a natural vortex.

With the current invention and in relation to the embodiment, supplementation up
to 75% of the total fuel provided has been found to be possible without the pre-
15 ignition effect. There has also been improvement in engine efficiency with

exhaust temperatures lowered in several trials by some 40°C.

In a further form then the invention can be said to reside in a method of supplying
a fuel supply to a compression ignition internal combustion engine which includes
20  having an air supply to the engine first caused to pass through a natural vortex
creator, and effecting a supply of supplementary fuel to the engine by introducing
supplementary fuel into a low pressure area within a central area of any natural

vortex being created by the vortex creator.

25  In preference the main fuel supply is of a high cetane rating and the

supplementary fuel is of high octane rating.

In preference the supplementary fuel is being provided at a substantially constant

pressure to the low pressure area within a central area of a natural vortex.
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SUBSTI TUTE SHEET (RULE 26) RO AU WD 02/ 099265 PCT/ AU02/ 00708 6 In
preference the supplenentary fuel is first supplied as a liquid which is

i nt roducewoiopng2es | ow pressure area of a second natural vecTrexoeoeasor with
a low pressure center core which is arranged to effect a natural vortex
with air being drawn through it by thé8 engi ne which then in turn fed as a
vapour into the low 5 pressure area of a vortex created by the first said
nat ur al viorpreferenesathsr supplermentasy fusil ésinst augpliededs a liquia whichfier form t he
invention can be said to reside in a ,conpression ignjtion . internal

combust | JATEHYFSR A IOMPKESTS area Q1 7 Sehippd patiralitiies Coster altha BN or wi tn
10 a condyieksGrrnaafén dtte ahioid ﬁar?éedl*&eeﬁ’é&ta‘ﬁ%tﬁfa@@faﬂéxWith*hi iAg" I nlet
of the engine, a conduit connecting a source of supplenentary fuef with the
vort ex crdraworthsaugisit by thénanginarwhiah thesn ioftutrhfedsas d vapoduinto thenfiowni cat i ng
with a |low pressure genter of a vor In a further formthe invention

; 19,
can be sa‘?rﬁsﬁéfer%@?dg a ypriex Gaatedy QS)"EXfF@trﬁ%'qj daturahyiegreaingsdheon engi ne

i ncl udin piston within a cylinder, a main fuel injector to
ef f ect i%@%@%ﬁ%{yﬂ%el'l i nto each respective cylinder, neans to effect a

change in quantity of main fuel being injected into the cylinder in
response to change in |oad applied to the engine, a conduit connecting an
out | et 20ngF fustheafarrathevipyertioncearnbe said torreaidedn @ ¢ampressiontigritien| i nder of

t he engi C L. . conpnecting. ayr of s l.epentary fuel wiih the
vor t ex cr ey tblston GRARE IR B &F sfig W RSB K sttiipe e er “of
the viort excen@at €nndcfing antuitie of fHef vBridiecreBie? Withoan BinlBEoSh®righd, esi de
in a conpression ignition 25 internal conbustion engine including at | east
one pi st chConduit eorpesiing mdzgurce ofraupplemegatary dyeovithy theovasteixezreatonjsecs on of
fuel intq i]ach res means .t o. ct, a change 'nt&u&ntity

of et - QBT o o e Sl L SSR T bing WitR & 10% $raS58E doh

a vortex.

15 In afurther form the invention can be said to reside in a compression ignition
internal combustion engine including at least one piston within a cylinder, a main
fuel injector to effect injection of fuel into each respective cylinder, means to
effect a change in quantity of main fuel being injected into the cylinder in
response to change in load applied to the engine, a conduit connecting an outlet

20  of a natural vortex creator with an air inlet of the cylinder of the engine, a conduit
connecting a source of supplementary fuel with the vortex creator with its outlet

communicating with a low pressure center of the vortex creator.

In a further form the invention can be said to reside in a compression ignition

25  internal combustion engine including at least one piston within a cylinder, a main
fuel injector to effect injection of fuel into each respective cylinder, means to
effect a change in quantity of main fuel being injected into the cylinder in
response to change in load applied to the engine, a conduit connecting an outlet

of a natural vortex creator with an air inlet of the cylinder of the engine, a conduit

SUBSTITUTE SHEET (RULE 26) RO/AU



response to change in load applied to the engine, a conduit connecting an
outlet of a natural vortex creator with an air inlet of the cylinder of

t he engi nwp ovogsdiui t SUBSTI TUTE SHEET (RULE 26) RO AU WOPQ2/A19986/8

PCT/ AU02/ 00708 7 connecting a source of supplenentary fuel in gaseous form
with the vortex creator with its outlét comuni cating wwth a | ow pressure
center of the vortex creator, neans connecting a source of the

suppl enercangcfing h sasree of syppiementary tuel ipgassaussfoamenditiotheavarteoond nat ur al

vortex creator which is arranged to effect a 5 natural vortex with air
bei ng  dr AHRAIR I outies gommunicatinaith aJowcaasRUre CEEIERINE YORRX out | et of

natural \beRr iheand BohRGBEr ek b he RUbCARH G R MutiR e b ent Ton
will be htsaureunds ot haedond eatutabesrtdesteatdriwhieth w@rmag?éd)tcaéﬁecﬁ@om ment,

and accordingly this is described with the assistance drawi ngs where:
15 Fi §ur dnaturad vartex witheai keipg goawn ithnough ity the eyiadeiy? ¢andmili ch a vort ex

i gure. 2 arE8R B o ettt fbigeoy M BANOCURaG R IO B BIERG, (e
suppl energfane first Shicndrnlal vorBx Créitbe 3 1s a part cut away perspective view

of a vortex creator including a gas input; Figure 4 is a part cut away of
a different view of the vortex creator showing in this 25 case curved

vanes whi i e Nt L. vartex formation; and Figure 5 is a
cr osslose iI ap%&}Cﬂ}P;['g& QG%ﬁﬁ@m&& the parts providing for
The invention will be better understood when described with reference to an
embodiment, and accordingly this is described with the assistance of drawings

where:

15  Figure 1 is a schematic layout illustrating the way in which a vortex creator is

coupled in an airflow stream through to a “diesel” engine;

Figure 2 is a part cut away of a vortex creator with an inlet tube for the
supplementary fuel supply;

20
Figure 3 is a part cut away perspective view of a vortex creator including a gas

input;

Figure 4 is a part cut away of a different view of the vortex creator showing in this

25 case curved vanes which direct air into a natural vortex formation; and

Figure 5 is a cross sectional view showing dimensions of the parts providing for

the vortex creation.
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the vortex creation. SUBSTI TUTE SHEET (RULE 26) RO AU WD 02/ 099265

PCT/ AU02/ 00708 8 BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Referring in

det ai | t owOhe/og2ewi ngs, and in particular to figure 1, thece/Awm®2/a0m08t ural
vortex creator 1 which is positioned in line froman air inlet filter 2

whi ch has a 5 passageway 3 directing aPr into the vortex creator 1 which
thereafter is connected by passage 4 through to manifold 5 of a "diesel"”
engine 6. A low pressure gas (LPG supply which holds gas in liquid formis

shown at g=afqrobl ﬁOhsCﬁ?g?‘gﬁl@@U’ﬂ ?HEOIWEN'E@)N hr ough sol enoi d oper at ed

valve 10 to a lrquid to as converter at The liquid to gas
converter then supplies gas through conduit 12 at a relatively constant

pressur e Réfekdiaf intdutgil iostheedtaiviigs, ant AVpBFREH1S fighf Sthefd st Matiphr al
vortex that is Tormed within the vortex creator 1. The vortex creator

i tsel f i svostexvaieator drvehickeis pesitioned in linegivore an aihirdeltdfiter @ Bhichidseonsi st s of
| l ity of h ' h t 13 whigch i t i d

pr el i t ndieyoagewhy e tid el ol e e air fdutita Fierrate B atnBrieth 14 so

t hat theb@waésagem td mhﬁifGIBas‘Gﬁé%iébél“@ngihe%‘? typically which is each

defi ned vaneS such as at 16 which are In arcuate form and chosen so as
to provide the air that passes through this into a central area w |

th ft foll db ht W t hi t | vortex with it
cent r 1 peta|OVEPIESENIS G G BURRIY MEIE s SRS BSUGHPER 's Shown b Beng
f d i [ - ' i th
Al 1 or nat &7 SyS o0l U Rty Bl Shiengld GPorafad P I SRt "scen

an aliber gasecorivbeet agehemaelliguid tol gasodorivarter thdnosuipplies Yasahegigher . 25 Such
di stinctions however may be academc in practise where sone

char act erGO8AHE d 2t ayelativieby canstaniresewe sorthat tnés isded dMo arlow pressureeason i t
'S center of any natural vortex that is formed within the vortex creator 1. The vortex

creator itself is shown in greater detail in figure 2 through to 5, and consists of a
plurality of vanes such as is shown at 13 which assist to provide a preliminary

15  circular path to air being introduced in the direction 14 so that the air then passes
into channels shown at 15 typically which is each defined by vanes such as at 16
which are in arcuate form and chosen so as to provide the air that passes
through this into a central area will thereafter follow and be caught within a
natural vortex with its centripetal effect being tapped.

20
Such a vortex which is variously referred to as a centripetal or natural vortex is to
be compared with an alternate type vortex which might be called a centrifugal

vortex but such an alternate effect generally will not have a low pressure center.

25  Such distinctions however may be academic in practise where some
characteristics of both may be exhibited in a formation. For this reason it is
perhaps for the sake of accuracy better to refer to the natural vortex where there

is a low pressure center at its core and where this is being used for the purposes
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perhaps for the sake of accuracy better to refer to the natural vortex
where there is a |low pressure center at its core and where this is being
used for wbaezpenrpbses SUBSTI TUTE SHEET (RULE 26) RO AU WOPQZ/A199868

PCT/ AU02/ 00708 9 of this invention. Therefore while the termcentri petal
vortex has been used in sone instanced it is better to say that the vortex
Is having its centripetal conponent being used and we have used the term
"nat ur al ofdhisdnvefition. Ahewiorepwhites thectecrardentripetal \birtend mapubedn ubed in

h teristi i r.ed. Th t i ght be di.sti i shed b f
fo a cenidiRsttiEsiEEhetior o saeliat hE VPAPKE BAYiRIBLEE el [t contre.
There ar A BYirfEFsdPamd R rﬂa%,ea? ) %Hlegrhah%ty |t¢ahe?%nw@ Ieve

descri be once I nstance only of een tound to provide

good ef f guressurdcentel’ t@distingdisls thergkatactaristiodeqlired. enbodi nent i n particul ar
however, air is drawn through such a vortex creator so as to cause a | ow
pressére to be caused at the centre of such a vortex, and conduit 12 has

its openi ' D SPeGi fi i n fiqu o he | ocated at
the 1ol arl e misH R A8y RRRA GF e bt Eshindd 8 pafid SopBicc ur o
posi tion mbvidhgy & W presshied atitPbénthe forned by the air passing through the
channel between the vanes 16 and thent hrough a downstream passage into the

""diesel" or conpression ignition internal conbustion engine. 20 Using

this arr ffect cont.rol of .th eqree of mxing of aif with
gaseous 1iHETER0E kbifufidebitesite BPEVAS astmeghHECHR wEhAUE Bestuted, fes pect
of sygh drkiifAstaRE® BRlydf thisAVIFIEN HakRTATBRNE té PRERICHoHS WREcdeMands and
this has had the advantage of being able to naintalh performance in a over

a range of power
According to this invention and this embodiment in particular however, air is

drawn through such a vortex creator so as to cause a low pressure to be caused
at the centre of such a vortex, and conduit 12 has its opening as is shown

15 specifically in figure 5 so as to be located at the relative centre 17 so that it will
connect with the lowest pressure position of the vortex that might be formed by
the air passing through the channel between the vanes 16 and thenthrough a
downstream passage into the ““diesel” or compression ignition internal
combustion engine.

20
Using this arrangement to effect a control of the degree of mixing of air with
gaseous fuel has shown itself to provide significant reliability in respect of such
ratio, especially over a reasonable range of power demands and this has had the
advantage of being able to maintain performance in a over a range of power

25 demands.

Hitherto this has been attempted to be achieved by electrical devices which are

complex and may have serious reliability difficulties. The arrangement using
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25 demands. Hitherto this has been attenpted to be achieved by el ectrical
devi ces which are conplex and may have serious reliability difficulties.
The arramgerme9926s5i ng SUBSTI TUTE SHEET (RULE 26) RO AU WBCOA1099@HS

PCT/ AU02/ 00708 10 sinply a natural vortex is not dependent on el ectrical
conponents or a large nunber of novi n]d’parts and is therefore
significantly nore reliable. An exanple of actual results is now set out
whi ch ger&im@ly § natuwsal vdrtexds tneh depéndéntcmnsieanical cdmpesernts or aHage ar

obtained. It of value to the r. aso t he ngement wor ks so
wel | | in twii’?r %fI'EOWBﬂmé’H‘@é té‘%’te ¢re sr'nQﬂ' &r"EPE?oF? ab% ; suspect ed

that the dynam c nature of pressure levels within a centrlpetal vortex are
such as to cause this to respond to rapidly changi ng pressure |l evels at an
out| et enth exaimpte crfeaqtualerp'sdlts:isangresémdlttwhlbb\gepeﬂlywmmamei dxentrdfet end.
However, 10 this is to require significant further

i nvesPi gAANSHNY Cﬂr’ %%?Sagw f@ﬂ?étleiﬁlsﬂted;'ﬁés @f(g%ﬁﬁéo S3Y Mol te veasastheol | ows;
15 EXANPLaEr%n t%cﬁkggb W&FPU[%(S@QS%Bﬂbgﬁeb%oa\‘apﬁrrlfdt% Eﬁ?@gﬁ? Ig lving a

52ngenera runnin € engrne has a ment of

3.86 Iltr@speotédathatm@myemmuornatmm p@ésslﬁe levelswithint 2keniripetdl@ogegi ne has
been nodified to include 20 a water heated gasifier for LPG and includes a

nat ural \AIEtSeigh@sdatcguse ihipitpsespang totrapidiy ¢hangm preaskre leyelsdatmn r ol eum

w1 " therp Bt BB B 24 B AR e BsaliB B el he ot e
nat urigl \tAisti§a cdseavivére itk g H‘ﬁ’gfcﬁfél{ re s?@rﬂﬂc%ﬁ*ﬂmﬁhéﬁﬁvééhg#a'ﬂ@nft@ bkGM N9
table which illustrates the consistency in the ratio of power i nput

derived fanyrth@pesel as conpared to

The example is now given as follows;
15 EXAMPLE 1

The internal combustion engine is a Perkins T4-236 driving a 52kW generator set
running at 3000 rpm. The engine has a displacement of 3.86 litres and a
compression ratio of 16:1. The intake to the engine has been modified to include

20 awater heated gasifier for LPG and includes a natural vortex creator in line with
the air inlet with liquid petroleum gas which is fed through the LPG gasifier so
that the outlet from this will then be connected directly to a low pressure centre
core of the natural vortex creator.

25 The resuits are summarised in the following table which illustrates the
consistency in the ratio of fuel power input derived from diesel as compared to
total fuel input power of the combined fuels for increased loads, where for 20kW
this ratio is 0.35, 30kW is 0.37 and for 40kW is 0.44.

SUBSTITUTE SHEET (RULE 26) RO/AU



total fuel input power of the conbined fuels for increased | oads, where for
20kW this ratio is 0.35, 30kWis 0.37 and for 40kWis 0.44. SUBSTI TUTE
SHEET ( RUkB 0283928 AU WO 02/ 099265 PCT/ AUO2/ 00708 11 Si mipICardupz/oeioe

per cent age LPG by nmass of supplenented fuel varied |ittle over the range
of power outputs, where for 20kWthe ftel was approxi mately 63% LPG by
mass, 61 % LPG by mass at 30kWand 54% LPG by mass at 50kW The advant ages
of bei ng APlarlyothemareertage PG by imassyef guppiemenigd fualyarieddittaoierthes are

gi ven 1r SAnGR ERofer B Wit Tor, SPRW e G e p Eiiatat SF € Boms 1
car bon dirmasel AL by ssar SRV alsuob heichey rRxsigeTe Upp! erent i ng.

Furthernore, there is only a very narginal in 10 overal I thernal
ef fi ci endgdventages qfikeing ablerto opepatei with sugiphighwereentage stippleatentaisrh di esel

al one_for_a given rqgfwer o]ut%g;t. LOAD tinme/ 20 kWof mass of kWof Efficie
Di eseP Erﬂ-ffegfg’v'oﬁﬁ' P! ¢OSESEPAIRcy ratio kWs kWkg kW % Mass

Di esel / Tot reduc % al 20 109 64.7 0 0 30.9 100 1.00 20 214 33.0 0.284 61.4
21.2 49.1 0.35 30 77 91.6 0 0 32.7 100 1.00 30 168 42.0 0.254 70.0 26.8
54. 2 0. 3TCompassorifiiguresGo0didselalddd ade Gen4@ni Mhidbit 4af bEsbenlthat 31. 4 52. 8
0.44 Loetﬁercéoazre%%niﬁlc%n'\tlcr)egﬁamt Opacity AFR HC reduc reduc y red

ctions in carbon dioxide and nitrous oxide levels in the
exhaust when supplementing. Furthermore, there is only a very marginal drop in
10  overall thermal efficiency of the plant when comparing supplementation of fuel

with diesel alone for a given power output.

LOAD time/20 kWof massof kW of Efficie Diesel Energy
Oml Diesel LPG LPG ncy ratio
kW ] kw kg kW % Mass  Diesel/Tot
reduc % al
20 109 64.7 0 0 309 100 1.00
20 214 33.0 0.284 614 21.2 49.1 0.35
30 77 91.6 0 0 327 100 1.00
30 168 42.0 0.254 70.0 26.8 54.2 0.37
40 59 119.6 0 0 335 100 1.00
40 125 56.4 0.192 711 314 52.8 0.44

LOAD CO2 CO2 NO NO Opacit Opacity AFR HC
reduc reduc y red
kW % % ppm % %
20 6.23 366 16 34.2 0
20 5.8 6.9 221 39.6 4 75.0 30.5
30 8.18 645 34 26.6 0
30 7.47 8.7 400 38.0 14 58.8 26.3
40 8.71 938 50 227 0
40 7.88 9.5 553 41.0 33 34.0 23.3 202
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KW% % m % % 20 6.23 366 16 34.2 0 20 5.8 6.9 221 39.6 4 75.0 30.5 30
8.18 645 34 26.6 0 30 7.47 8.7 400 38.0 14 58.8 26.3 40 8.71 938 50 22.7
0O 40 7.8809269863 41.0 33 34.0 23.3 202 SUBSTI TUTE SHEETPCRUAIE2286)08 RO AU
WO 02/ 099265 PCT/ AU02/ 00708 12 Fromthese tests, it has been established
so far that the constant ratio over VvErying |oads can be kept
substantially constant by the relatively sinple mechani sm being described
whi ch hasFengthiesedests, dtaaheagaestdblistgt sa fantinge thd corsstapl ratiomiver y fuel s and

ot her conpression ignition internal conbustion engines. 5 It is found that
this arrafR§ERENPAISCHBE KerbSebsiantally cogstant by dha Telatyelk StMPIRj ecti on  types
of "diesel I : LA J I ol " Hengl ich do
ot have 1eeBaBEinG REscibddPwichheB ¥l e Sy AnidtleRhRuarts fakiie™”

SUBSTI TUKuppiiidntaRlJe!28)d BReMoMPra24ion RafiorPGTéARDEABEST N ddgin€d.Al VB:
1. A nethod of supplying a fuel supply to a conpression ignition internal
combu$ti on engi ne which includes having an air supply to the engine first

o “suppl ahBrBaR) thalafirhdstistt abBletl: PoRbip LA FIER LSkt P ri o
a types of “diesel” engines, and it is also applicable to “diesel” engines which do

not have turbo boost. As such, it is therefore even more useful.

10
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| ow pressure area within a central area of any centripetal vortex being
created by the vortex creator. 10 2. A nethod of supplying a fuel supply to
a conpreswpoodgnrition i nternal conbustion engine as in Pog/Auwediost el y
preceding claimfurther characterised in that the main fuel supply is of a
hi gh cetane rating and the supplementldry fuel is of high octane rating. 15
3. A nethod of supplying a fuel supply to a conpression ignition internal
conbust i dBLAMMBNe as in either one of the preceding clains wherein the
suppl ementary fuel is being provided at a substantially constant pressure
to the low pressure area within a central area of a natural vortex. 20 4. A

met hod of4 sup : dgﬁﬁ; nal
conbust i on engé‘ }r?\eéig%@f)tl%rﬁﬁlgﬁ re‘ &#Zplgr ece r%?l [&ﬁltf'urtrﬁ ol
charact eri sed gombustiontengirsuwhlobnirciudey hawielg arsari' supplyﬂumé eaglnesﬁrst l'i quid

which is introduced into a | ow pressure area of a second natural vortex
creat 8 which qayssﬁ ﬂgngéﬁthreuglﬁ ﬁéatU@l Maftex sreajen @84 efiechHnaarsupsinef dr awn

25 through 1t DhboldifeMae] ) WHEbrdifol i dtiRy P b @RBHIary Ryl © e

| ow pressure vor ex cre ural 'vortex

creator as thmugjw@élﬁmé@whfmalcenﬁél@‘éhﬁﬂﬁﬁ ySdhbipetdUWdrnexDeimy’ AU WO
02/ 099265 PCT/ AU02/ 00708 14 5. A conpression ignition engine including in

its air suppl Wfaaﬁdtbwt@ﬁ\&mﬁ(é}xeat@feator a conduit connecting an outl et of
the vortex creator with an air inlet of the engine, a conduit connecting a
source of supplenentary fuel wth the vortex creator so as to have an

outl gfp ofgthe ﬁﬂiéﬂh@@ﬁﬂéﬂﬁplﬁngmnwﬁély fWaWohbrass$iemwidghifss iménagnt er of a
vortex. 6. A conpression ignition internal conbustion engine including at
| east one combustion engine as in the immediately preceding claim further

characterised in that the main fuel supply is of a high cetane rating and the

supplementary fuel is of high octane rating.

15 3. A method of supplying a fuel supply to a compression ignition internal
combustion engine as in either one of the preceding claims wherein the
supplementary fuel is being provided at a substantially constant pressure

to the low pressure area within a central area of a natural vortex.

20 4. A method of supplying a fuel supply to a compression ignition internal
combustion engine as in any one of the preceding claims further
characterised in that the supplementary fuel is first supplied as a liquid
which is introduced into a low pressure area of a second natural vortex
creator which is arranged to effect a natural vortex with air being drawn

25 through it by the engine which then in turn as a vapour is fed into the low
pressure area of a vortex created by the first said natural vortex creator as

the supplementary fuel.
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piston within a cylinder, a main fuel injector to effect injection of fuel
into each respective cylinder, nmeans to effect a change in quantity of

mai n fuelwO®2boe4268) i njected into the cylinder in responsePCo/Adlvang®si n | oad
applied to the engine, a conduit connecting an outlet of a natural vortex
creator with an air inlet of the cylilder of the engine, a conduit
connecting a source of supplenentary fuel with the vortex creator with its
out | et cdimuni/A&abinpgessien ignéidnoengine ixluding éeniteairsupplyea naturawortegat or . 15

7. A conpression ignition jnternal combusti engi ne i ncluding at | east one
oi ston wi t hi n GEI9PiHERMIUILCORTETTNGAN Guijes el fe YoTie ¢reaion Wi Ain of f uel

into each re ' o [ﬂﬁ%bs'] : | Lty of
mai n fuel beﬁﬁ%ﬁn‘nﬁﬁ%c edéﬁ(?’%ego? e cy rfe%g@éfafs.?urrg%%ﬂ%@?@%gﬁiggﬁeéli n | oad
applied to 20 witrethengirtex, creatoosduad todwveedrt butietaot tiveishigtcariduit nat ur al
vortex creator with ~an air inlet of the cylinder of the engine, a conduit
connefting a AMBHENIGAtING With & lpMhPraspureeanteholyAY¥edes formwith the vortex
creator with its outlet conmmunicating with a |ow pressure center of the
vortex creator, means connecting a source of the supplenmentary fuel as a

liquid te.a | qucamprsssssivighitiintintedhalcorestionigiiceincRiing 4t leasedms Whi ch
is arranged to, effect a natural vortex with air being drawn through it by

the cylinder, Ristosayithin 8 ayingerc aimainduelbnjectar tefeffepkingationdf flsglumtal vor t ex

creator to a | ow ressure area of the fiyst said natural,.vortex creator.
SUBSTI TUTE SHIfl:th(r%EE%C ng)cy c;[Umeanseto e#ec%ac?\ange in quantity of main fue

10 being injected into the cylinder in response to change in load applied to
the engine, a conduit connecting an outlet of a natural vortex creator with
an air inlet of the cylinder of the engine, a conduit connecting a source of
supplementary fuel with the vortex creator with its outlet communicating
with a low pressure center of the vortex creator.

15

7. A compression ignition internal combustion engine including at least one
piston within a cylinder, a main fuel injector to effect injection of fuel into
each respective cylinder, means to effect a change in quantity of main fuel
being injected into the cylinder in response to change in load applied to

20 the engine, a conduit connecting an outlet of a natural vortex creator with
an air inlet of the cylinder of the engine, a conduit connecting a source of
supplementary fuel in gaseous form with the vortex creator with its outlet
communicating with a low pressure center of the vortex creator, means
connecting a source of the supplementary fuel as a liquid to a low

25 pressure area of a second natural vortex creator which is arranged to
effect a natural vortex with air being drawn through it by the cylinder, a
conduit connecting an outlet of the second natural vortex creator to a low

pressure area of the first said natural vortex creator.
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