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engi nes Qfo AobyRe often referred to as "diesel engines” IpgtyAfv20703re nore
general |y described as conpression ignition internal conbustion engines.

BACKGROUND ART 10 Whil e such engines use "diesel" as a fuel, such fuel can
be usefully supplenented by other fuels in certain circunstances. This

Y o e MPROVENENT S HEIGITIRP POPCRMPRESBIRI RN IO ERRIINES ond o an 15

arrangene ust ng” suppl enentary fuel s 1n engines ype.
Characteristics of this type of engine include a main fuel injection system
means t¢g gapigunt of main fuel being injected into the engine in
response to oad demands on the engine, and an air supply. This type of
engi ne works best 20 with an approxi mately constant pressure cycle which

pr ovi glesThisligVatioretaatebad enginesust Ltypecoftidrefened &b by “Hiesebomginest f uel
consunption. However this ideal is_ not readily achieved, One factor in this
i s that butwhigbrarednarengenerally deseripgdas gampressiomigniten intemal equi res a f uel
with a high cetane rating but in order to then achieve a |long slow burn

r equi resc‘g’“PHa'o'ﬁFFﬂm&Si ow cetane rating. To achieve 25 reliable ignition
with a subsequent |ong slow burn then essentially requires two different
fuels. This is where fuel supplenentation can be very advantageous where a
mai n f ueBACK@GROWWNDWRM a hi gh cetane rating and the subsequent

suppl ementary fuel is a fuel which is high octane and | ow cetane rating.
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While such 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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2 1t is currently known to provide sonme fuel supplenentation by add%@g‘;wzﬂ%
suppl enentary fuel into an air supply where a "diesel” or conpression

i gniti onwoengenesi s turbo charged. 5 However, one of the ®CHIAGaooress t hat
currently exists is the difficulty of ensuring that there is an appropriate
ratio of supplenmentary fuel and air tr?rough changing | oad conditions,

DI SCLOSURE OF THE | NVENTION 10 In accordance with this invention, | have

found t hats dunmerelyi knovet to picyidd semstfuekshppiemgatationi mvaddimg provi di ng t hat
an air supply for a conpression ignition wge engi ne be drawn through an
i

ar r angerfsipplamentary fupl dntaaniaisisupplyrwhers 4 [Aigsell ghcpmpsessiendgntien core with

such air_and the ting the | ow pressure core 15 of any such vortex

f or med ﬁQ%n%'SsWBB(ﬁgRg?gcesq]ppl enentary fuel so that the supplenmentary 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 arrangenent | have
sur psi siHgvgveti, scewditked diffisulties Huht aoureegdly tehxiats és theodiffendtyiafienisuriagi o of air
and a suppl enentary fuel is mai,ntf\i n‘g& Pr%/ t he charr?é:terbsti s of the natural
vor tex tthablgre éhan gPREORHiRE retimar surplsmeniary fuel and agdpouahehanging:

i nstanc | re traditional techniques used to effect control of
proportﬁ8ﬁgltcp{‘§m°§§' In this way then, it is found that the ratio of

suppl ementary fuel to main fuel supply can remain nore constant through
changing | oad | evel s even though the engine speed and the air being drawn
i nto theDSQiQSURE Of ¢5lH INVEENTHAN engine speed will not vary
substantially through such changing | oad | evels. SUBSTI TUTE SHEET (RULE 26)
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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 iow 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 proportionality.

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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30 NOV2005 PCT/ AU02/00708 This has a significant advantage that thr oug@J an
operating cycle of an engine with changing |oads that the ratio wil30 B& 2005

kept suc{ygfmboggse-ignition that m ght otherw se be causedriyu@momscess of
suppl ementary fuel will be reduced. It also has the advantage that a high
octane fuel can be used as the 5 suppl&nentary or auxiliary fuel. The
advantage of this is that once ignition has been effected through the

conpressirge HHséEfggﬁfRéaﬂtaa@éntage%éﬂ mwgrbaﬁ;ag@aatmgg cl@6t aRerigites Wi | |

extend a burning riod contributing toa no ext ended constant pressure

t hrough Wit changingdoags treat the ratio wilkbé dept sueinmthat pee-igniion that noight be said to
reside in a nethod of supplying a supplenmentary fuel squpM to a

conpr essPHervigeihe eausad by aRIexcens 9t suBRlemantary, fuelwilihe Cedes the step of

vor tox. cRelichha iR dadhsbdf v Bpdiats RRITANHLuPEE S MLl °1S" The engi ne
by i 4 r ogyspiBehePtE! R ERIGIRIY fldl€Thé BiCamtageVbRkieSS tidt aricedgmtibhiiags 15

centre of any natural vortex adapted to be created by the vortex creator. A
char act ebeen effectedsthodugintiiencampression ofttheymainfuel, tieg slowesddirniogdhighi ned by

o ouc: Baee orulieanca BusEa ac DU B p BTGP SRR SHRSAN Y f ho
sanme ai rﬁ#&@u?@tlﬁsg@%ﬁ@bmrﬁﬁgwcl Thi s however neans that there will be
nges 1 n ai P

relativefy " mnor C [ow rates in response to | oad out put

changes. My discovery has been that by use of the natural vortex the anount
of supplenentary fuel being in preference, the supply of fuel in fluid form
i s plovi dednaform thes theinvention candieasaid to residain agoethegt oftsupplying of f uel

bei ng supplied into the | o ressure region of .25 the vortex will be in
oropor 1 Shopmantary e surill F & SiisteRFBn it ifgmal Sol i Snoindy ot el
const ant i ; i i "o "
Crai el LB REBRESLE A 2 %y S SIPR IR, gt caisiuoals

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

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 fiuid 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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4 30 NOV 2005 PCT/ AU02/ 00708 I n preference, the fuel being a fl ui% ﬁ a gas
al though liquid fuels can be used in other instances where t hed & NOE 100
prelim wedy2/e@per i sati on by use of a second natural vortB&KT/AUSHPS8 5 There
is advantage in providing a supplenmentary fuel as a gas in that this then
provi des a higher octane fuel which is"then m xed wwth a | ower octane fuel

so that there is a longer burn rate. However, there can be other reasons to
have a difprefiecence, the fuelbaing afiicisw gae althoughdiquishivlelsnean beyseddn i s

hydr ogen., Thi s, can pr.ovi for extrenely clean ar environnental |y good

out put CHeT BStaneps MHeeBets et PG A EY ARt baley Bifeeo! B aneved (s

accept atHa?ur TUSH@)?W&%&!@Qe of the invention in providing reliable main fuel
to suppl emar?t ary fuel ratios in varying |load conditions is even nore useful
wi th such a gas where high supplenent to main fuel ratios are desirable. 15

I n experinments conducted so far, it is found that the bal ance of fuels
shoubd Dehere e advantagetia providinga supplementany fyat ay ajgasiinitbat thigthace, a

R I e T R T

exanpl etﬂg,fee% #io b@?‘ﬁhrr??ﬁe.or nore of the follow ng; nanely, additional
power avall abl e fn om an exi sting engine, |ower exhaust tenperatures that

ot herwi se woul d be expected, less fuel and oil contam nation, snoother
runni ng and costs savings. 25 The creation of a natural vortex is possible
usi ng agpeweyerathere candbe gtherfeasens tapaye adifersat el dor inplangs he®nhdui t

al i gned a 2 ai L 1o b r f 0 a spiral
o 8 18 sEPel O SRUET I Aot B e B A R RelE 2 P
pr essur ervirdhmdrita®H§66d mg;sats whileSthefe hayasesomet los® irfefAgBREY WHibh SHEET
(RULE 26) RO AU 30 200 .

however is acceptable. The advantage of the invention 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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WO 02/ 099265 5 PCT/ AU02/ 00708 Prior exanples of gas suppl enentatiorg mﬁWZOOS
been traditionally of what is called "a gas fum gation type" where at a

sel ect edwlpposudst he "diesel " engine, gas is introduced Ppaotraucheoiost ake
mani fold in order to increase the power. An exanple of this is available
currently on the Internet at the URL b& ng www. bul | ydog.com or 5 there is a
system known as "torque master systemi for trucks sold under the registered

trade mapkor &¢al Ldt@ﬁb.su@@neatmhnmmibnm traditionallyest, whatsismalledent at i on
rate of 30% suppl enentary fuel by weight as conpared to a total fuel being
suppl i ed“eh@gas fuseigatior dypeavisre & selectedlead pndbeadigsatangine, @asds |init in
t hat hi gher suppl tation has.resulted, in pre-janition gffects. which nmake
thi's i nciibRgHCeR e dbe iake' matitold fEOTdRY te lnereass i Roweh /A sXAmPIT b 't o

t he enbogj; ‘ '?’E‘r&’“ i 0 t Qv igted has

been foufrﬂglglrtnsg5 Vbagég(%gg erysvléﬁt| ﬁ%uﬁ?ﬁﬁ%?@%@ﬁ%ﬂr}?ﬂ? on efbpggégg%roﬁﬁérdg has al so
been 3 nptheve ieakystenekgowa =& torguemayster shsteaxfertrticksespldruaider ¢ise | ower ed i n
several trials by sone 40C. in a further formthen the invention can be said
to resi deeglsieeedréa%mafk COIHRIPREAR. f uel supply to a conpression ignition
i nternal conbustion engine which includes 20 having an air supply to the

engine first caused to pass through a natural vortex creator, and effecting

a suppl yyUpidep Sish p%@mahhﬁjue@atsm@gmﬁémﬁ urét@tdfcsb%is@aﬁleﬁm gent ary

fuel into a | ow pfessure area W thin central area of any hatural " vortex

bei ng cr &ad by vimighthas compered teeatiotal fuh beimgmsugipliedrias héen acseptédibly suppl y
is of a high cetane rating and the  supplenentary fuel is of high octane

h
rati Hy. Ihe ipAastey @s@Pracical nes Byt iripat Bigher suBRiementalinn asireguited

e of ey gRRRN diots WHETEHERe1 e dRee¥ BEENE 2" AL V0 02 605265

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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6 PCT/ AU0O2/ U0 8SMgY 200. In preference the supplenentary fuel is first
supplied as a liquid which is introduced into a | ow pressure ar e%g}g\ams
second nebuweaéortex creator with a | ow pressure center PCOAIINM is
arranged to effect a natural vortex with air being drawn through it by the
engi ne which then in turn fed as a vapbur into the low5 pressure area of a
vortex created by the first said natural vortex creator as the

suppl emdntpreferénes thd supplémentany fhe imfirstesupplied taisonliquid videickés d t o reside in
a conpression ignition internal comnbustion engirqr]eV including in i ES air

suppl y dniadused injeaclew RIeeskiE arga 9f asecondonatliral vostexseeatoy with 3laWet  of

the vort r i Al L Ll i I annecting a
sour ce. direstp estielens PR haknBka ¥ siteEL S RAIRL ook AR 4 bERGC"S

outl et odralteths@idgh & DYdHE lergiewhicatheRdn tirnifed dscawapessimtetreRer of a
vortex. 15 In a furthér formthe invention can be said to reside in a
conpises spressurgnansiacof a vortex awdated bigdke fical saithnakiralvgries ergator dscthet one

pi ston within a cquichJer, a main fuel injector to effect injection of fuel
into eactHRRIAPERIATYdURly| i nder, 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 outlet 20 of a natural vortex creator

W th an |4 firtHedtfomh thdvertibAdan Y saibiao eesitisen accarapédsion igaiiaact i ng a
source of supf)l enentary fuel with the vortex creator with its outlet

comuni ciaterngl edmhustioroenginessciudingdntitsraiosupply amatueal vortextaseator wvith f ur t her
formthe invention can be sajd to. reside in a caonpressi.on,igpition 25

| nt hal 2 CORAE EPBREGNg a7 ORHE etk oufex ardafer SP AR BigRet PP e 30881 i naer

2 main o : o ; ¢ - Y e

cyli nderéf’lérsrégtlrlligjct6 gﬁ@%tﬁgg%? Bgﬁ%th%fn%uﬁ %ﬂngﬂ?ﬁ{’ H%Q‘g}ﬂ mai n ;ue?rre%m ng Ihﬁj ected
i nt o t hetoclydvendr outlet ofrtaeEaid eohduit bamgeunicatingpeith gplomepreissuteheemegiofie, a

conduit connecting an outlet of a natural vortex creator with an air inlet
of the c§VPHEXr of the engine, a conduit SUBSTI TUTE SHEET (RULE 26) RO AU

15 In a further 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
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30 NOV 2005 WD 02/099265 PCT/ AU02/ 00708 7 connecting a source of .
suppl enentary fuel in gaseous formwith the vortex creator with |§§ Wtzﬂ@t

conmuni C@U@ggwﬁgh a low pressure center of the vortex cpegisioofR3NSs
connecting a source of the supplenentary fuel as a liquid to a |ow pressure

area of a second natural vortex creatdt which is arranged to effect a 5
natural vortex with air being drawn through it by the cylinder, a conduit

connect i : I ﬁ%}g OW pressure
ar ea of%@%lﬁg% ﬁs"{'gletrc)i Oﬁggﬁ)ﬁlg voar‘ &Hrc“ﬁ torhgggﬁﬁ%ﬂ%@rgg}?% OF THE
DRAW NGréétof Iveith ity eotiétasorinlhidatingevitrea law geesgure denterrofde vortesd wi t h
reference to an enbodi nent, and accordi ngly( this is described with the

assi st angeatsr, Means m@@neqmq a souscerpiinesupplemantasy &l asca liayidio a low
illustrating the wa vortex creator cou in.an airflow
stream tﬁ’ﬁeégﬁrﬁ qrgaﬁ 9d§ee(é°&d n@%qlp(grte,glc&%@etgr ?’r\'@ Q%&?'{)gecfﬁ{ ﬁv\ﬁé} ®f a vortex
CTeALOr it WribRvith A BeingdrabethrauiiPl BRABRYMndCY iv; 20 Figure 3
is a part cut away perspective Vview o vortex creator Including a gas

i nput ; F¢cgureetu4g ias eutlediof theusecomd/ natiura \mMmTeatorWOeewlow presswiey a@a cr eat or
showing in this 25 case curved vanes which direct air into a natural vortex
formati owthﬁﬁkﬂStFS%ﬂétLSa\ ONeX¢e@adOrsect i onal vi ew showi ng di nensi ons of the
parts providing for the vortex creation. SUBSTI TUTE SHEET (RULE 26) RO/ AU
WD 02/ 099265 PCT/ AU02/ 00708 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON

BRIEF DESCRIPTION OF THE DRAWINGS
10

The invention will be better understood when described with reference to an
embodiment, and acco}dingly 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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Referring in detail to the drawings, and in particular to figure 1, there is
a natural vortex creator 1 which is positioned in line froman air inlet

filter | @s a 5 passageway 3 directing air into theMokEesgEator 1
whi ch tﬁ‘gmgffﬁ%bez?“ is connected by passage 4 through to manifold 5 of a

"diesel" engine 6. A low pressure gas §LPG supply which hol ds ge&ﬂi L H gﬁﬁgd
formis shown at 8 and this is connected via conduit 9 through solenoid ™"
operated valve 10 to a liquid to 10 gas converter at 11. The liquid to gas
converter then su EI i es gas through conduit 12 at a relatively constant
pressur eBESTtM@DEF OR CARRYINGtQUE THE INVENTIQN center of any natural
vortex that is formed within the vortex creator 1. The vortex creator
itself is shown in greater detail in tigure ? t hrough to 5, .and consi sts of

a lol ura‘ﬂewiféﬁir\/@ﬁéfi@mdwmgssﬂm articglagip digu é-.&her:eds Briaivel a
im 1 i ifr. i i ' o . di i 14
Phat ' T harirex stagldr T wBlooR8 nbelsboRcl in I b i &7 HHECTHaY A WA G&THL O "aac

def i ned Mss\éﬁ@%y%#ﬁe@ﬁw ir #fto tH@ivéheﬂrc‘t?%éﬂ@r quH@thé@WWcémléldso as

to provide the arr that passes through iIsinto a central area w

t her eaf tigy phsddgem &mdubh to anayhifoldist ofi an“dieselaengmie &.ortex with its
centripetal effect being tapped. 20 Such a vortex which is variously
referred to as a centripetal or natural vortex is to be conpared with an

an a1 ¢ or mArBlodlrb BrsErED I RN S iU Db neiit e M Sy
di sti nctin@is doPnwerRid Vikopelud Gtheough blePioRs bpeated earesSTO® a fiaideet eri stics

of both may be exhibited in a formation. For this reason it is perhaps for
t he Bakegas cavarterdt 1det The liquiditergas ecanventer then supphas gascthupege there is a

bor o e A atR S sl Ao R TR Bl 18 st R g BT weThss e
PCT/ AUO2£ P8t Q@Qaﬁ{i’%ﬁvddﬁé@ﬁa& Aorme wRIThahsRoHex di8ator M AR bR 2l

vortex has %een
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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some instances it is better to say that the vortex is having its géntiil§kt al
conponent being used and we have used the term "natural vortex with a | ow

pressur aye@nhghaes t 0 di stinguish the characteristic requi redr/Avodeosort ex

m ght be distinguished by reference to a centripetal or natural vortex
providing a low pressure at its centré There are known devices to provide a
centripetal vortex but we have described 10 once instance only of this

whi ch has éﬁ@%érﬂiﬁ?ﬂ mréfb%wme 990 teri{ EEtripets voREk Mastedmised mvent i on and

this enbodinent in particular however, air is drawn through such a vortex
creat or smamstancesuit s Iaettm\m;sagﬁbatﬁ\et\mrtﬁe( isdaying itcentnipetadnt re of such a

5 50 as éﬁ%&«"&‘r&ﬁér&éﬁaSSEHatv?%h8$$b§8e%;%ni%%g“@# QBRI 4 oW Lonnect °
with the | t at mght be fornmed b t he
air pasﬁrﬁgg\fr% c&%ﬁtﬁﬁfﬁﬁ%ﬁﬁ&tﬂg (?{v?éé&g ('3'2?616 ang t hent hr ough ay

downgt ream passage into the ""diesel" or corrpr ession ignition internal
conmbustion engine. 20 Using this arrangenent to effect a control of the
degr ee oFhervonteng mightbe distinguishad dyureféreace haa cedipetat grenatural voriexi de
significant reI i b| i t%%;n respec of such ratio, especially over a

r easonalrevi H}Qg@ %‘f’ RIBSRYre R M 1eE z?nd this has had the advantage of being

able to maintain perfornance in a over a range of power 25 demands. Hitherto
this has been attenpted to be achieved by electrical devices which are

conpl ex Pingtertry Kndwh devicesi® prividdaldenripbitalfvartdxt bitsve Flaee alesenigedent usi ng
SUBSTI TUTE SHEET (RULE 26) RO AU WD 02/ 099265 10 3 0 NOV 2005
PCT/ 18U0 20mee7ipstance only of this which has been found to provide good effect:

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.

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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sinply a natural vortex is not dependent on electrical conponents or a |arge
nunber of noving parts and is therefore significantly nore reliabl éﬁAﬁ\’ 2005
exanpl e wbhoambarak results is now set out which generally PETAUNHIESt ent of
5 constancy of results thus far obtained. It is of value to say that the
reason the arrangenent works so well il the trials conducted so far is not
understood. It is suspected that the dynam c nature of pressure |evels

wi thin asiegiy ainatiral voex éxnotadependent aa dlecttiealseorhposents oreslpegel to rapidly
changing pressure levels at an outlet end with a very rapid change in its

| ow pr esRumberof Moyingrpasts and is tasrelpse signifieantly mereyrediable. where it is going
to require significant further investigation to prove any theory. The
exanpl e is now given as follows; 15 EXAMPLE 1 The internal comnbustion engine
s a Per khiskahfhid 3Paciiiay kiR @%Wg@\rtﬁna«mh g@herawrsndwuféteﬁeﬁ@of pm The
engi ne has a di'splacenment of 3.86 |litres and conpression ratio of 16:

The isnt agenstandyhef resglts ehirsafar mdeaineddit is etivaloe toshydeatlbeaeasoretheneat ed
gasifier for LPG and includes a natural vortex creator in line with the air

inl et w Kangement watksos well dadhetrials cpadycad ey fah hnetendeseiogds itiser so

cont ro adghecid e e, Bl dahc holte Bt BledsiRe RER WA Chifub@idl voltd ! Pood' T
the fol | g suecH a@icﬁcd\ﬂe,cfhls td k@s‘ﬂo@mé rapwily §I@éﬁglﬁg?ﬂ§§swé Iévs hﬁbho of fuel

power input derived fromdiesel as conpared to total fuel input power of
t he conboutiat endevish Borery mapidacheuhgeondts, lowrpreesirer atitinlet ieimds Hewewveid,s 0. 35,

30kWi s 37 and for 40kWis. 0.44. SUBSTIT H RUL RO AU
30NGR008IAB DO WHEES 5&9&2&927%@%‘8'3@9&'%@'@ EFﬁFa"?f E@%F}ﬁb@ R'B%Cby mass
of suppﬁgﬁ fuel varied little over the range of power outputs, where
for 20k e fuel was approximately 63% LPG by

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 a water heated gasifief 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 results 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.
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mass, 61 % LPG by mass at 30kWand 54% LPG by mass at 50kW The advant g&zs
of being able to operate with such hi gh percentage suppl enentation F0 4k 005
obvi ous @ obB§sIEs Of cost savings. Conparison figures for pceaehedone are
given fromwhich it can be seen that there are significant reductions in
carbon di oxi de and nitrous oxide |evels in-the exhaust when suppl ementing.
Furthernore, there is only a very marginal drop in 10 overall thernal

ef fi ci engimilafly! ihe perashtadedlPGOyPRass of suppleetanédfualvasbdfiie over the di esel
al one for a glyven F|?ower out gut. LOADK i rre/gpgkw of mass of kW
€

of Ef fi Ocirfnges:épawar Qutrits Dveers! foP@ORM Ha tue wwm@m%@mtﬁlWot
507791, 0859 H1Ye 6P @8V InasHaLIRNAI 514k @y Bss At 2k 190033, 51001, 00
Jred ki g ey dpealiei <8 ML eRRAg® S a ho

307. 478. ZréUbwoslihI8riigd @f 3odtlhvidi@si85022. 70 407. 889. 555341. 03334. 023. 3202
SUBSTI TUTE SHEET (RULE 26) RO AU
Comparison figures for diesel alone are given from which it can be seen that
there are significant reductions 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 kWof Efficie Diesel Energy
Oml Diesel LPG LPG ncy ratio
kW s 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 0.254 700 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 CcO2 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 22.7 0
40 7.88 9.5 553 41.0 33 34.0 23.3 202
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WO 02/ 099265 12 30 NOV2005 PCT/ AU02/ 00708 Fromthese tests, it hast@
established so far that the constant ratio over varying Ioads cahl

subst antwald2yoeenst ant by the relatively sinple mechani smdeAog/@escr i bed
whi ch has significant advantage through a range of supplenentary fuels and
ot her conpression ignition internal cdbustion engines. 5 10 It is found
that this arrangenent is applicable both to direct and indirect injection

types of Frghh a5e teSRYitRE bé’é}desfaUh?zhédi 86 faPPait ﬂ@é)bsnét@nt etRséler engi nes

whi ch do not have turbo boost. such, it is therefore even nore useful.
SUBSTI TU/tyiBigHEads mbeﬂ@ptmbatamnmmsvmbgahe Relativelysi@pBept enber 2003 3

20 wa/egg'%gﬁ 1;@'%’{%%%&%%%&@ r\%&ﬁgagﬁ' 3 up‘g?r\'é qqg’ aa}%dfeﬁtlhra‘léj&glﬁé§%gﬁ\%f ng an
cr eator - SpRiEREef AR and dibr oS MIRETHILR i, el BofhilBlish SnalRE' )

i ntrgduci ng supplenentary fuel into a |ow pressure area wwthin a central
area of any natural vortex being created 10 by the vortex creator. 2. A

met hod oft |$(sngmriyhatgtms auengemept ys applicabiampoeibstor djreqt @mdtmdmecﬂnnj@cham

mbust t furt
char act cbPERd [dlosAaengined: AN UGS Qo BRSO HRseneBaINgs MR and ¢ he
15 suppl geEMR Nrbd'BbostS A shERhit RChaRstofebléY more useful.

10
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3. A nethod of supplying a fuel supply to a conpression_igni tlc% f\H r _
combustion engine as in either one of the preceding cl ;ly‘?ﬁ%“(mezr ghfem ‘5%03

suppl ementary fuel is being provided at a substantially constan%giﬁgﬁnge 20
to the low pressure area within a central area of a natural vortlex:™4"%™A

met hod of supplying a fuel supply to a conpression ignition internal
conbustion engine as in any one of the ?ﬁeceding clains further
characterised in that the supplenentary‘fuel is first supplied as a liquid
25 whi ch iéLhnhgoduced into a | ow pressure area of a second natural vortex
creator which 1S arranged to effect a natural vortex with air being drawn
through it by the engine which then in turn as a vapour is fed into the | ow
pressure area of a vortex created by the first said natural vortex creator
as theé suppl efenethod df seipplybty ANEelSEp phHEET conpression dgatinminteons WO

s i1 suppl yo A RUBRTENgBeCEhich SRGAER hana sl SCBRRNBLDF R5OE Bt et o
itsair tpreprdeecc . i I
our o6 of suppl Aot S §reMbigh piefiraP o oEoRRbR B kR 4 SR M0 °

outlet of the sapplesentarytfull toaieenga byhtraduting sauplpnestanyduekintea of a
vortex. 6. A conpression ignition internal conbustion engine [ncluding at

| east one pi slovhpriasshHreaega withinoe eentsalnariea of @ty natpead vertex being etaate

i nj ect'(i)n of fHe| int& eact} respective cylinder, neans to effect a change
in quahfity of P VPUeX CiRBki ng 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
condui t co@neci mgthrodsofusupplyihg a fuel supply to a compression ignition internal

combustion engine as in the immediately preceding claim further
characterised in that a main fuel supply is of a high cetane rating and the
15 supplementary fuel is of high octane rating.

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

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

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

25 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
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.

30
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suppl enmentary fuel with the vortex creator with its outl et cormugiﬂcm\,img)
wth a |low pressure center of the vortex creator. 15 7. A conpression

i gni ti oRyHRsBsRed conbusti on engi ne including at | east oneCcTAU®ROOTOR t hin a
cylinder, a main fuel injector to effect injection of fuel into each
respective cylinder, neans to effect ¥ change in quantity of nain fuel
being injected into the cylinder in response to change in |oad applied to 20

the engigne, %?%ﬁ%ési@@@ﬁiﬁﬂ éﬁ?iﬁé iRciubpg iAfitstaiNabpplpla waUksvoHeRat or with
an air inlet of the cylinder of The engine, a conduit’ connecting a source of
suppl ement ar ycréater, a nogdisit cosnécating an outletaf the vodex oreatoowithi amairt s out | et
communi cating with a ressure center, of the vortex ?r eat or,

| ow . ans
connecti ng a Blighptthesngine, 3 GapdeitEARRRGHING & soytceOh suppigmestary fugl o5
ressure area,. r i i anged to
B foct a nat Vi RGN CreRbnldag KPhatdabIMERLE e SllglopnBlkSMI0H, L0, &
condgi t connesgmmgnidatiaywiet a Ww phessies eedtaralf @ vdrtesQrt ex creator to a | ow

pressure area of the first said natural vortex creator. SUBSTI TUTE SHEET
(RULE 26) RO AU
6. 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

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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