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A DUAL FUEL SYSTEM FI ELD QF | NVENTI ON The present
invention relates to diesel engines and fuel systens

WO orsis@eel engines. The present invention hasPCT/AU2007/001396
particular but not exclusive application for use with
trucks. BACKGROUND OF THE | NVENTI ON Trucks and in
particul ar long haul trucks use |arge volunes of
di esel fuel in transp@UAIFUGLSBNHSTEM t he price of
di esel increases, the cost of freighting goods also
increases. Wiile at |east part of the increase in
costs is passed on to the end consuner, narket forces

have caused the truclkimme ot iRVENTIORSOr b much of the
addi tional costs thereby reducing their profit margin.
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e TRe ok Mool b E U ARSI fcatinor use

withSttucksn t he tank which maintains the LPGin a liquid
state, LPGis usually used in a gaseous state at
pressures wel| below 140 psi which is the pressure
required to maintain LPGin a liquid state. LPG has

al so been used w j ' yst ens. In
USs2005205021 a %éRG dr_n H nt r oduce

s H0kBe A e BT 16 RY TR 3R e dumes < lpslbel i

trahgp%r{irf'g goods. As the price of diesel increases, the cost of freighting goods

also increases. While at least part of the increase in costs is passed on to the end
consumer, market forces have caused the truck operator to absorb much of the
additional costs thereby reducing their profit margin. Consequently alternative fuel
sources have been investigated.

LPG (Liquid Petroleum Gas) has been used as an alternative fuel source for
diesel engines. While LPG is stored under pressure (approximately 150 psi) in the
tank which maintains the LPG in a liquid state, LPG is usually used in a gaseous
state at pressures well below 140 psi which is the pressure required to maintain LPG
in a liquid state.

LPG has also been used with diesel in dual fuel systems. In US2005205021
a separate set of injectors introduce gaseous LPG into the combustion chamber,
whereas in US5408957, US4520766, JP1318755 and GB1252458, gaseous LPG is
mixed with air prior to introducing the air mixture to the combustion chamber.

The problem with using LPG as the sole fuel source for diesel engines is that
the engines need substantial modification to overcome the reduction in lubricity with

the use of LPG and the ability to provide the combustion of the LPG. Modification of
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mxed with air prior to introducing the air mxture to
t he conbustion chanber. The problemw th using LPG as

wao bwsssdey f uel source for diesel engines is thetT/AIR007/001396
engi nes need substantial nodification to overcone the
reduction in lubricity with the use of LPG and the
ability to provide the conbédstion of the LPG
Modi fication ofengines is a najor expense and voi ds

endings 14ad Frididri &?eﬁé@ﬁhd keidenige narraptied Remuhe engineanamifadturer.
PG and d| es dual fuel systems, diesel engines need

Evér@vdaﬁ Lsliahd @fbdePdadl! faaY dyRfend) tdiedy ehbinds Abed REbe Middified to
he conbusti on chanber. ECT OF THE INVENTION It is

allcﬁf‘th‘éq}lﬁ&&uc%n'bhEPGrlﬁt%efﬁé chMBESidnthahthepY ovi de an
ternative dual fuel systemthat overcones at | east
in part the abovenentioned probl ens. SUMVARY OF THE

Al ternat i ve appr 5;%8% B;L”QV!;;‘L;ES&”%“ -‘;ﬁ;hﬁ e ef fects of

|(c]|)LessureI on LPG ' ent OIso! ut i otn to

ChaL AR, ot A BB EEAEL AR AR AR cuat e
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engi ne including a fuel tank to store pressurized

Il iquefied gas; a proportioning valve neans operatively
connected to the_fuel to control the
flow of the Iiqu ' {198 chanber
operatively connected to the ortioni ng val ve and
P The preser¥t invention arose from taklng aﬁ alternative gpproa%

understanding the effects of pressure on LPG and developing a different solution to
dual fuel systems using pressurized LPG and without substantially modifying the
diesel engine.

In one aspect the present invention broadly resides in a dual fuel system for
use by an internal combustion diesel engine including

a fuel tank to store pressurized liquefied gas;

a proportioning valve means operatively connected to the fuel tank and
adapted to control the flow of the liquefied gas; and

a mixing chamber operatively connected to the proportioning valve and
adapted to mix a proportioned flow of the liquefied gas and a proportioned flow of
diesel to form a liquid fuel mixture, wherein the liquid fuel mixture remains under
pressure and is introduced into a combustion chamber of the diesel engine.

In another aspect the present invention broadly resides in a dual fuel system
assembly for installation with an internal combustion diesel engine including

a fuel tank to store pressurized liquefied gas;
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adapted to m x a proportioned flow of the |iquefied
gas and a proportioned flow of diesel to forma liquid
w0 o@B/0sG9%4 ure, wherein the liquid fuel m xturePCEAERIF/001396
under pressure and is introduced into a conbustion
chanber of the diesel engine. In another aspect the
present invention broadly résides in a dual fue
system assenbly for installation with an interna
cordpripoadnitigagtle mpansepératVeidcormeatabieto tharikel tank and
store pressurized |liquefied gas;a proportioning val ve
addfédto eittlortHeMRIW ofaRB NgGsirRial gast and he fuel tank and
adapted to control the flow of the |iquefied gas; and

a M sy ERBABS opRPARa 'dbﬁh&ct‘é@l@ﬁ@%@bﬂo@oh@nh‘@&alve and
proportioning valve and adapted to m x a proportioned

ad%#t@c‘l\’t rfnl)&;‘ rdpbﬁlb‘?ﬂ%b %@w&ﬁ?hél%eﬁe@ gapahl iaqiteportibedd Adw of

ese orma |qU|dfue m xtuare, wherein in use
dleggﬁ%"l’(ﬁfr?%ﬁa% F’é Sﬁ‘lé%ﬁ (I—:\r{sté fg%gdicsﬁgllnbly cenWrBvilie e

|.qlﬁej ﬂ{é?gf.h&%l 8% afo%e(&t.aﬁgﬁsmeéﬁ fqﬁgpI%eLy deivdes a flow

ve oper atrvely con an el ectronic

co it llegBSﬁlgglrnp gh%:ﬁr *q?alﬁ?ﬂ*cﬁﬂes%%v@'c@ﬁﬁfl GaRe! Y

ve'in respon
i.nf,or mat |

op%aﬁ\{q, Sﬁgrﬂmﬂpd psragfeéggg{n;foﬁpirogt?%agrgl CI'IP ?éc?r%”co In‘t:rol board
b 4G 6 i B v
AP et W1 e SLauly ol s e
11 iy he GaPaduR mpress HFRRIY 1orYeROm T Ed %&ﬁmbef

Thg gigglqlefﬁtglrigggf@rr%g&t é;glssu?ggé %y amglmgl peu(%rtmpg gr% %hecfgglt is stored
within a pressurized tank prior to use. Preferably the supply of pressurized diesel
fuel to the mixing chamber is regulated by a flow control valve that is operatively
controlled by an electronic control board. The electronic control board is preferably
controlled by the vehicle electronic control unit that receives and processes
information to provide a relevant signal to the electronic control board.

The liquefied gas is preferably filtered before the proportioning valve with an
inline filter.

Preferably the LPG tank, proportioning valve means and mixing chamber are
linked by a gas pipeline.

The pipeline between the LPG tank and proportioning valve preferably

includes at least one closeable valve. In a preferred embodiment there is a one-way

non-return valve and a closeable valve within the line between the LPG tank and the

proportioning valve means.
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recei ves and processes information to provide a

WO 200803699 si gnal to the el ectronic control boaPdI/ATH®7/001396
liquefied gas is preferably filtered before the
proportioning valve with an inline filter. Preferably
the LPG tank, proportioning4val ve neans and m Xi ng
chanber are |linked by a gas pipeline. The pipeline

bet meedudl igel bBSerhibi kna sk fitaznoridritodeingry el a diesel engine
preferably includes at |east one closeable valve. In a

vehible betitedlag AR aflbNmakket REre is a one-way non-return
val ve and a cl oseable valve within the |ine between

t herddiaueRol gad thalyHe IFPQPSopaRE)inAtLriPdasorAibTedsed natural

dual fuel asSenbly may be fitted prior to delivery of
gaf. di esel engine vehicle or fitted as an after market
it. The liquefied gas nay be LPG propane, natural

oo ATER A ek s Bl By 500
oute PR e Vbp BB T AYBRT | o br oadly resides in an-
L
ok BB 0 SR g a0 S 20
con&? w%% t?a%kttg sttoptae pIeisrsﬁﬁzetda}{aheﬁgéj gas;
a second tank to store pressurized diesel,
a first proportioning valve means operatively connected to the first tank and
adapted to control the flow of the liquefied gas;
a second proportioning valve means operatively connected to the second tank
and adapted to control the flow of the diesel;
a mixing chamber operatively connected to the first proportioning valve means
and second proportioning valve means, said mixing chamber is adapted to mix a
proportioned flow of the liquefied gas and a proportioned flow of diesel to form a
liquid fue! mixture, and
distribution means for distributing the liquid fuel mixture to each internal
combustion chamber, wherein an engine processor controls the proportioning of the
fuels by regulating the respective proportioning valve means in accordance with
demand.

The abovementioned preferred embodiments for the features of the dual fuel

system and dual fuel system assembly also apply for this aspect of the invention.
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adapted to control the flow of the liquefied gas; a
second proportioning val ve neans operatively connected
wa 008kss93econd tank and adapted to control therPET/au2mf/001396
the diesel; a mxing chanber operatively connected to
the first proportioning valve nmeans and second
proportioni ng val ve neans, -8aid m xi ng chanber is
adapted to m x a proportioned flow of the |iquefied
gasTha sbcang tarkqrblerdtayl rddetves prestiuezed dieselfvia am alihe glierdand
fuel mxture, and distribution means for distributing
pwﬁﬁﬁoh“ggbgeﬁughaﬁkxture to each internal conbustion
chanber, wherein an engi ne processor controls the

Pr o ddcBRH PeEbpdtidriey Jaied melds prgeradlyiingudédrea flow control
respective proportioning valve nmeans in accordance

val\¥\§o Er)&%rﬁﬁ\@ﬁé’ontmﬁd B QB INR @shtridl BORE! The RGN RTINS Ol

e features of the dual fuel system and dual fuel

boatd %‘%&5?3@&/5 i ols tﬁbsﬂgw%bmrw Jee hhkSpasRas bralesédtfinformation

I nventi o second tank preferably receives

frorﬁrtrgé §éﬁi{:lé%ﬁee(ﬁrjoﬁ§ﬁc{<o.n\’rlﬁﬁérﬁg etHc?n\; & Elekfbnig !%Gnﬁél'qhitfré@éﬂes

I ese proportioni ng val ve

ond B0 LA g0yl P el sl v

i vel an e oni ¢ control board.

;T |h (e]DV\r,% gﬁtﬁl{l g'rneiré 5%@5#%@@@%@ & setflé’t%&&ﬂgé frR scbléfation of

_ _ ohse 10 processe

e B PR bR BB Mg AP ik o e
ac R D e 0 e RO B Rl g
flovf/ ggrtmtror}?/gﬁ/gé (\e/isé tf*]g ?e&;%%ﬁ\lleeélggtirgnr?c %ntrol boards. The accelerometer
inputs are preferably processed by the electronic control unit.

The ratio of LPG to diesel may vary between 50: 50 and 90:10 respectively.
More preferably the ratio of LPG to diesel is approximately 70:30 respectively.
Preferably any ratio is suitable providing the engine components are not prematurely
worn because of lack of lubricity and the manufacturer’s warranties are not voided
and the calorific value of the fuel is sufficient to allow the engine to produce an
acceptable amount of power and torque.

The liquid fuel mixture is preferably pumped to a common rail operable under
high pressure so that the liquid fuel mixture remains in a liquid state. The phrase
common rail in the specification includes common rails and fuei rails. Preferably, the
common rail is connected to an injector for each combustion chamber and the fuel
mixture is distributed to each of the injectors for combustion in accordance with the

manufacturer’s specifications.

Preferably the fuel mixture is filtered prior to distribution in the common rail.
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the vehicle and whether the vehicle is traveling up or

down an incline. Input fromthe accel eroneter neans
wpe@Bes@ y operatively regul ates the di esel ap@I/AU2007/001396

liquefied gas flow control valves via the respective

el ectronic control boards. The accel eroneter inputs

are preferably processed byothe electronic contro

unit. The ratio of LPGto diesel nay vary between 50:

50 Bds®Onblint feepaodiredsd prefdvably coliedted ibd pverflewrtank and

of LPGto diesel is approximately 70:30 respectively.
retdthed &5 el iiixingchafibed for Sombubidn i the oumbustpnt dhantoegi More

conmponents are not prematurely worn because of | ack of

prefatBbly Chrlcesafudl Fd@urdas vétaaicdned a suslaemperaiues sensornot fuel
voi ded and the calorific value of the fuel is

pre38tirk i8R thehQo @hlcveriohevaNdanea predeuatiifiingvalve, Excess fuel
accept abl e anbunt of power and torque. The liquid fuel

is tﬂéﬁ%r‘é‘fﬁaglﬁ pRESSLhARIgh PHIEPESLIECarR MaftENed Ghder pR&SsaRd 1 a

under pressure so that the liquid fuel m xture

pre%ﬁuq@eﬂﬁarﬁt{‘flo?shﬁ%hgmsrte%r%dua—t% iRty tﬁé_‘f’rl\iSEiﬁg‘t'ﬂjBrangif.I in

€ specl cation I ncl es common ralls an

B
ond e I BT 5 Bl ] A B3 0 e

specifications. Preferably the fuel mxture is
S04+t ered prior to distribution in the common

rai |l . Excess unbyrnt fuel mxture.is .preferall .

Col 2ot ek Srnre i SN s BiATagtBE of yeng the

m xi ng chanper for conbustion in the conbustion . . .
abeyemBRIonSHEl HeLnSraBry aninbedl cpibrSHAarY Higine including

returned via a fuel tenperature sensor to f eL

pr eyepertioningflow of {igsfiedasgframy mfffawobwa%é%ﬁfs

pressure |imting val ve. Excess fuel
proportioning valve means;

proportioning flow of diesel from the second tank with the second

proportioning valve means;
mixing proportioned fuels to form a liquid fuel mixture in the mixing chamber;

distributing the liquid fuel mixture from the mixing chamber to each of the

combustion chambers.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the present invention can be more readily understood and put
into practical effect, reference will now be made to the accompanying drawings

wherein:

Figure 1 is a diagrammatic view of the preferred embodiment of the dual fuel

system for diesel engines;
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is then preferably passed through a fuel cooler and
mai nt ai ned under pressure in a pressurized tank for
WG iesespeent rei ntroduction into the m xing chaP@BAD2007/001396
Preferably there is a separate |ine fromthe diesel
tank to the supply punp and subsequently to the conmon
rail for the engine to use-diesel as the sole fue
source. In another aspect the invention broadly
r eliglee 4 is sadingtanodataf topsievgof the rmixingechasyer osiag Sivage Lock
fuel systemfor an internal conbustion diesel engine
proPBﬁibhﬁhg%Iv@B eRaintdliemaige td the eléctronipiedrited sgsiemf andn t he
irst tank with the first proportioning val ve neans;

Pr qRQuirkl @1 Agdiby@imrRdticlieg eliev rainthe hﬁm&@ccﬁmlntbankswg tSwage
t he Second proportioning val ve neans; m xing

LodW;ﬂB@cSrhbr‘ﬂH@ Qawg b§ ahQItbATRVE ihelisktions) camtrst $yysgerh N
he m xi ng” chanber; distributing the liquid fuel
mxture fromthe m xi ng chanber to each of the
conmbustion chanbers. BRI EF DESCRI PTI ON OF THE DRAW NGS

I n ofieia f B8 IDESERIPTIORTF TRECBREPERERD BMBBISIMENT
read put into practical effect,

e
' ef\ﬁ [t P&S%Wc}e ko ﬁ@W@J? tH@r‘é‘%S Eﬂo&ﬂ%cﬁ%?ﬂfép M0 for a diesel

I agrammati c vi ew of

enqtﬁnhegf élrtr%gﬁgg ﬁggggyf)nq o% d f?gmta[]gergféélstaft%ﬁ Cpuﬁ'{g?ét%fo%?enc

ure s a di

pressure |nto targx ‘F F aIHJO ﬁrsfl tﬂ%a V@gseel Irso&éwn from tank 11 along pipe 30

via an inline filter 12 by fuel feeder pump 13. Fuel feeder pump 13 operates at a
pressure of approximately 30 psi. The inline filter 12 is a glass filter that removes
contaminants. The diesel fuel is subsequently pumped by supply pump 15 to the
common rail 16 for entry into the combustion chamber via injectors 18. With the first
pathway, diesel is used as the sole fuel source for combustion within the combustion
chamber of the engine.

In a second pathway, diesel is drawn from tank 11 by secondary fuel feeder
pump 20 along pipe 31. The diesel from tank 11 is filtered by the inline filter 12 as it
is being drawn by the secondary fuel feeder pump 20. From the secondary fuel
feeder pump 20, diesel is passaged through a non-return valve 17 to a secondary
diesel pressure tank 21. The pressure within the secondary diesel pressure tank 21
is maintained at approximately 100 psi. The secondary diesel pressure tank 21 has
an approximately 43 litre capacity. The secondary diesel pressure tank 21 has a
pressure switch 22 which electrically controls the secondary fuel feeder pump 20
thereby maintaining the desired pressure. The secondary diesel pressure tank 21

also has a bleed valve to bleed any air within the line 31 and secondary diesel
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proportioning valves as an alternative to the
el ectronic control system and Figure 3 is a

wale@gnaiypat i ¢ side view of the m xi ng chanber BGI/AY2007/001396
Swage Lock proportioning valves as an alternative to
the el ectronic control system DETAILED DESCRI PTI ON QF
THE PREFERRED EMBODI MENT W-8h reference to Figure 1,
there is shown a dual fuel system 10 for a diese

pregBariengni 21. Thereks alsbizelirel 32 Isetiveen ttuitetifebdenpwms éB\andéhe
station punp at atnospheric pressure into tank 11. In

sedndafysdiestAbFewRMre ©@hR 28 lto eRatsle aesef paasatimghing Boab @nter the
pipe 30 via an inline filter 12 by fuel feeder punp

secopdaffésel %?éé%nreqﬁﬁp 21 3 TRBRY iBleAforidletdn MaRBT ifl liAé 32 that
approximately 30 psi. The inline filter 12 is a gl ass

r |
s e s el o 2 kot o

fedld i jhor entry into the conbustion chamber via
e% é%'ﬁgrs 18. Wth the first pathway, diesel is used

nb%gg?@eﬁ %&%fr&?\%g %ﬁé é?ggh‘éltdrgé’su‘(’é E—fHk?ﬁ |E?ﬁssa ed

ion C I'n a secon

a'oaaﬁtﬁeéa'té %L@%%@%%e%ﬁ& ?%%**%%%E%%i'f A5t a3
o SRR YA it ?qnf'gﬂaé%fpﬁs%z%éeﬁ el Ehge A
ologficabgboetd Pyt iaen AioBic LA Bl Bl iR e etea by
thﬁlé@%‘%ﬁ%@cﬁ@@ﬁpé %gn}ﬂ% e rcfrér?nﬁ{ggﬂtl\f@t%%%?rgcgses%s |r%orn¥atlon
approxi mately 100 psi.. The secaondary diesel gressure

reqaamkg revoliged gar '&‘HM%S?T thgepoipeson ?tqr@'%%&%% 5T The

secondary di esel pressure tank 2 1 has a
Pressurized diesel passes through the diesel flow control valve 24 and enters the

mixing chamber 28 at a pressure of approximately 100 psi.

LPG is introduced into tank 43 from a service station pump where the tank 43
is filled under the pressure of approximately 150 psi in liquid state. LPG is stored
under pressure at 150 psi in liquid state. Liquid LPG passes through pipe 34 via
shut off valve 44, in line filter 45, solenoid valve 48 and non-return valve 49 to an
LPG flow control valve 50. The LPG flow control valve 50 is electrically operated by
a LPG electronic controller 51 which is actuated by the electronic control unit 26.
Pressurized liquid LPG enters the mixing chamber 28 at approximately 100 psi.

Both the pressurized diesel and liquefied LPG enter the mixing chamber 28.
The mixing chamber 28 is shown in both Figures 2 and 3. As an alternative to the
electronic control flow valve system, 1/4 NPT Swage Lock Proportioning Valves 60

can be used and are preferably locked at a predetermined ratio setting.
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pressure switch 22 which electrically controls the

secondary fuel feeder punp 20 thereby maintaining the
waele@snad9Ipr essure. The secondary di esel pressurPer/AEi07/801396

1 also has a bleed valve to bleed any air within the

line 3 1 and secondary di esel pressure tank 2 1. There

is also a line 32 between the fuel feeder punp 13 and

the secondary diesel pressure tank 2 1 to enable

di eRrel mixigserginiier 28 nesdistardiatin sphericabwitle tengrapgrtidniegelves

pressure tank 2 1 . There is a non-return valve 27 in

60 hidoshbnedapatillg \Gritjonally essdsittreach tiesrs ¥hemuging clambet 28
pressure tank 2 1 passaging to the fuel feeder punp

haslah intSrR&ISMFd Begh it €5 elcilkatemiking o ewondil Yhairized fuel is
pressure tank 2 1 is passaged along line 33 to the

dlséF?dﬂ;é@vuS%ﬂEleéz asd eJJé@sfnhu%w fRiol RIeRFdELCRIVig irmsteE3.

ohg line 33 is controlled by a diesel flow control

val ¥ g gte%c'r dT%%oSJk R is@P8l HRkeVAHIVERR4PG 1BbREdr hald i% a

oper esel electronic controller 25 which in

ranf# 'of r;%tr?)s Foht AR Lidkel 5{1@ 98%9195@ 95 boCcNBEdl @ha40bd LRE: Ratios

ectronic control unit processes I nformation

of fg?lgoﬁélgdsr\ﬁhléﬁl\ﬁgé 55 ‘?rﬂ%rﬁ?% dl‘ééé‘ljfégn B& aEﬁEv&f‘ﬂhé‘r% ﬁé @U’Br@ny of

angl sensor essuri zed diesel passes through

theé rpgllé?ss %lgreg[sgég E};g%rﬁﬁjrl ﬁvy Euléﬁ%@%sa ﬁfhslﬂ%jlés%dgsx'Lg%
o n IGrﬁ oq g%#n%tg éé" ?ﬁﬁ“ﬁgﬁ Lﬁ)ﬁlméfaﬁtﬁhveh BI%naé Bélo% HiE8

€ pressure of

pere%&@Sé'aFH@ﬁ@% elyicn e do meirep bl Toc

passes through pipe 34 via shut off valve 44, in |line
COPPPNEETS. 45, sol enoi d val ve 48 and non- return vaI ve 49

to an LPG flow control valve 50. The LP | ow.cont r ol
Vol ARBriigom se g he aiass! sk Bidipogenior vanss 24 B, i

response to engine revolutions per minute, the flow control valves 24, 50 are also
regulated by accelerometer inputs which provide information regarding traveling up
and down inclines. The accelerometer inputs are processed by the electronic control
unit 26.

From the mixing chamber 28 the liquid fuel mixture is drawn through a
secondary fuel filiration unit 54 by the supply pump 15. From the secondary fuel
filtration unit 54, the liquid fuel mixture is drawn into the supply pump 15 and pumped
to the common rail 16 at high pressure. The common rail 16 distributes the liquid
fuel mixture to the injectors 18 of each combustion chamber (not shown). Only one
injector 18 is shown in Figure 1 by way of example. There is also a fuel pressure
sensor 55 associated with the common rail 16.

Excess fuel mixture that is not burnt is returned from each injector 18 via a

fuel temperature sensor 56. Excess fuel mixture associated with the common rail 16
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a LPG electronic controller 5 1 which is actuated by
the electronic control unit 26. Pressurized liquid LPG
w@niogn3sdvhe m xi ng chanber 28 at approxi mat el ypADAUpBIT/001396
Both the pressurized diesel and liquefied LPG enter
the m xi ng chanber 28. The m xi ng chanber 28 is shown
in both Figures 2 and 3. Asllan alternative to the
el ectronic control flow valve system 1/4 NPT Swage
is reRekedVia pesssumniimiter\&7. VieeesOfushmixderelis pipedrid thee everflow valve
preferably | ocked at a predetermi ned ratio setting. The

58 HrsiidHopreBaireaimitty Vaves s Fuelrdoorr b4 ts peemixedl fustpréssunetank
proportioning valves 60 are positioned spatially

65.9TAG Abd ienPrRESIrk 2afe6dhas Aeleed Vakersewhigh @llewd esmadl of
has an internal wire nesh 6 1 to facilitate m xi ng of

air ?rBPn thE Bl lindd8ndtarR G5, UBbmi the %ﬁé‘d‘%%@sﬁur@ tank 68thé el

excess m xed fuel is reintroduced via inlet 63. A

mi r%flEBFa‘%\ﬁ] xﬁ@ﬁﬁ't(?tﬁéfmfx | halribe? 9806H Raph 1R HE &)Qr%bﬁféll 16 and

wever, reis nge of ratios from 10% di esel

% 90% di esel and 10% LPG Rati os of fuel
Co'ﬂﬁ@%@@ %I c S(ljse | ess than 30% di esel can be achi eved

where the lubricity of the fuel mx is increased. In
particul ar, | ow sul phur di esel which undergoes

L s B CRMSSRATTESTISE R i1
dd I
B S R RLELoAbTE e el DR P AR Byorton.
em@a%&nhé’s‘?ﬁ&kﬁgéva&?%ﬁéé’%& S HepgndeT dhir %@éyﬁ%"@ﬁ%ne @EY Gaynei
24, 50 are al so re ed by_ accel e|5 tetr g
ang oSy TS L GHPTP SIaMGBrLF B el WHS 5 e

down inclines. The accel eroneter uts a oce
consluciedewharsiberghicle ks Gigsel only and LP(g/dleseI [ aheis SE8 PG

and 30% diesel). The diesel only test (test 2969) was conducted on 27" March 2007

using the DT80 short test. The LPG/diesel test (test 3262) was conducted on 17"
May 2007 using the DT80 short test. The same vehicle was used for both tests.
The vehicle was an ISUZU (950 FVR) truck with a vehicle test mass of 13000 kg.
The DT80 short test was a series of rapid accelerations and decelerations
interspersed with idling and is designed to evaluate vehicle emissions during typical
“real world” stop start operating modes and conditions.

The emission test results are summarized below:



unit 26. Fromthe m xing chanber 28 the Iiquid fuel

m xture is drawn through a secondary fuel

filtration

w@RioB/ 03490y t he supply punp 15. From the secone@r/xutaweaio1396

filtration unit 54,

the liquid fuel

m xture i s drawn

into the supply punp 15 and punped to the conmon rail

16 at high pressure.
the liquid fuel
conbusti on chanber (not shown).
Is shown in Figure 1 by way of exanple.

The ceohmon r ai
m xture to the injectors 18 of each

Only one injector 18
There is al so

16 distri butes

a Tuel ESSUURITSNSOF (RESEE WGt edP@yDIESHLE |CONDNEPM
rail 16. Excess fuel xture that [is not burnt] is
returned from each injeqfgg Jodayi a nper at Unfits
sensor 56| Excess fuell m xture associ at ed vvltr t he
o —Taf fetunmed pres 57.
Exulggé,s fuel npgg(%re i$ pi péé%ﬁto th val ve 58
. ( €SSti milmm g c 54 64
(N'{rﬂlés #%5988 fuelg/wgssur adrll 65. The mi'xed fuel 13
nressiire anle hac 4 |nn \\\\\ H 1
e o> A= ctt TS X T al v I OWS
of ai"Pg/FW(S\n t he fﬁgﬁgﬁl nes From
t he m xed|fuel pressute tank 65; t. ure S
(Bardigiatd i nt INOKE-Ini xilng chi¥er 28 to thQ
common rail 16 and cofrbusti on chan . ON TEST
RMslterTs By way of providing supporlt for the ddal fuel
systemof |[the current linvention enissign testis were
doReagst ed by ar%i ndependert-62%i r d [par t3:388r i sjane CPPy
Counci|l and the resulfs were anal yzed by Gl ngre
ga_imrrgers Pty Ltd. Twp tests were |conducted when the
vehicl e used diesel only and LPd di rati o of

70%._PG

Based on these results, an engine under the DT80 short test driving cycle

using the LPG/diesel fuel mixture has significantly lower opacity, significantly lower

particulate emissions, and lower NOx emissions on a per km basis in comparison

with diesel.

The NOx emissions using the LPG/diesel mixture are only 45.7% of that

allowable by the DNEPM (Diesel Vehicle Emission National Environment Protection

Measure) limits. Particulate matter emissions are only 5.7% of that aliowable by

DNEPM limits and average opacity is 9.5% of that allowable by DNEPM limits. In

summary, the emission levels using LPG/diesel mixture are substantially lower than

that allowable by DNEPM limits.

ADVANTAGES

The preferred embodiment of the dual fuel system has the advantage that

LPG can be mixed with diesel at comparatively high ratios and used as a liquid fuel
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and 30% di esel ). The diesel only test (test 2969) was
conducted on 27th March 2007 using the DT80 short

W e®B/036Pbe LPG di esel test (test 3262) was conPIVABEZD0ON01396

17th May 2007 using the DT80 short test. The sane

vehicle was used for both tests. The vehicle was an

| SUZU (950 FVR) truck with al?vehicle test nass of

13000 kg. The DT80 short test was a series of rapid
midure| iprtaei comsbustidn deraeiber at Unlike othee rdupe Tesidsyétdriis, the diesel
idling and is designed to eval uate vehicle em ssions

mdoufactgrerppspadificationd areral"algfap shidarian0RRIAEN$ WARGESs are
and conditions. The enmission test results are

maiotaired. e helanta§a 98 thed Prefd1BSE eBBHinteht ﬁ@e@%hﬂ%nxmg liquid
under the DT80 short test driving cycle using th

LRGrendidissel toffoh aniquidfuel hturs Mﬂfﬂhfda?\"’ég Jil)étribﬂi’&rwa the common
opacity, significantly |ower particulate em ssion

rait sl tHeO BEHbINBONEEHPHRE'S &Heﬁd@ﬁrfugmﬁ?e% S usB.LPG in @ gaseous
conmparison with diesel. The em ssi ons usi ng

stdt&ehteh fERdubihyg Licewa %f%%ct%ﬁ % of that all ovvabl e by
t he DNEPM (Di esel Vehi ssi on Nati onal

I

EvThe @gfn%@gmtﬁgidg%%é@ﬁ Ma%%rgﬁ%gé@?o;ﬁ@%ss
o e e SR 7 e sﬁm@ce@h%r AREENG,
Pro Kt %Pﬁiéﬁ?hehﬁ%ﬁ’%eivmgepén%@p“ Pt ?‘e%m#n@ggan fuel
it %%ﬁfeied%ofmﬁgq%’éﬂt aVarkaiP of 1R elefhaapness and
oSV B ¥ enebrb e 8@%(913%2:?@?0 Rugi. e et

dual fuel ¥st ens,, the diesel
cheapness can be translated into operational cost savings for vehicles with diesel

engines.

VARIATIONS
It will of course be realised that while the foregoing has been given by way of
illustrative example of this invention, all such and other modifications and variations
thereto as would be apparent to persons skilled in the art are deemed to fall within
the broad scope and ambit of this invention as is herein set forth.
Throughout the description and claims this specification the word ‘comprise”
and variations of that word such as “comprises” and “comprising”, are not intended to

exclude other additives, components, integers or steps.
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manuf acturer's specifications are not altered and
manuf acturer's warranties are nai ntai ned. The
wacdwans@ge of the preferred enbodi ment arises PCDAT2007/001396
mxing liquid LPG and diesel to forma liquid fuel
m xture which can be distributed via the common rail
to the conbustion chanbers.-1&ther dual fuel systens
use LPG in a gaseous state often introducing LPG with
the induction air. The addmibge of the dual fuel
system of the preferred enbodinent is that only m nor

1.chagtual auet systemi foedsd by ah intetinaPedmsuGibn Yiesel EAFRERcluding
em ssion is produced and | ess frequent servicing

I ncladdeingnioid stofeaitgssurized lig@iicdashs; The dual fuel
system of the preferred enbodi rrequ%}t t akes advant age of

t he arrbpdrtiveing hgRe ms%@ramép%ﬂh?c;té@Eﬁ]%e%elltgrqﬁ and

conpared with diesel and petrol fue I's relative

adaprRand esatrélaRe 6w of #esi|@kRs had: QngPer ati onal cost
sgvi ngs f(;r vehi cl es vviqf%h di gselqmengl nes. VARI ATI ONS

nas Hend onGReE oot epom e Bund BrogBrldifhg §6Fve%"%+<£9
| [ i fications a
bt ke %%%@#@g%ﬁbgﬂé%%%gﬁs%ﬁm EF_OBE??E’BRE fowo
. skKi L , , thin e bro
et o 3 gh iRl S AR oo ﬁﬂu@guqlvg“?'ﬂareerﬁmhag@ lndier
hr. . j.pti d ILns this
ores ST and SRR DB OREIR Gt o gpelstons
that word such as "conprises” and "conprising", are
not intended to exclude other additives, conponents,

2. | ntE %ﬁglsfuglrsyge%?g's%rﬁl)ly%r installation with an internal combustion diesel
engine including

a fuel tank to store pressurized liquefied gas;

a proportioning valve means operatively connectable to the fuel tank and
adapted to control the flow of the liquefied gas; and

a mixing chamber operatively connectable to the proportioning valve and
adapted to mix a proportioned flow of the liquefied gas and a proportioned flow of
diesel to form a liquid fuel mixture, wherein in use the assembly can provide the

liquid fuel mixture to a combustion chamber of the diesel engine.

3. A dual fuel system assembly as claimed in claim 2 wherein the proportioning
valve means includes a flow control valve operatively controlled by an electronic
control board, said electronic control board controls the flow control valve in

response to processed information from the vehicle electronic control unit.
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1. A dual fuel systemfor use by an interna
conbustion diesel engine including a fuel tank to
wGer@Be3qressuri zed |iquefied gas; a proporti onP@mAVA107/601396
nmeans operatively connected to the fuel tank and
adapted to control the flow of the Iiquefied gas; and
a m xi ng chanber operativelip-connected to the
proportioning val ve and adapted to m x a proportioned
4, T | oavdaél fublesykicsruagdenblgas criredinoelaipo? br Bmetkrdih thve dibsel fuel
diesel to forma liquid fuel m xture, wherein the
is presBurided pRbr tBiontating the MAking chawBer. pressure and is
i ntroduced into a conbusti on chanber of the diese
engi ne. 2. A dual fuel system assenbly for
installation with an internal conbustion diesel engine

5. | NCA WL NGeltsybisph adstitfor) As Slafh&d B @SiFs Whekbin tH@bididuel is

gas; a proportioning valve neans operatively
nect . 1. f | . .

Pre el P L o e S o A e Pl e i prior o
uSé)peratively connectable to the proportioning val ve and

ddapted to m x a proportioned flow of the |iquefied

gas and a proportioned flow of diesel to forma liquid

fuel m xture, wherein in use the assenbly can provide

t he

liquid fuel mn - f
6. o cag G BB TS PalnSdPia SRoEhATIR uby o
progsie s et et bamerber bEPIBlR: MG vanve tha
_controlled by an electronic control board, said ,
s HREEPIRoBUBIAN Piofn BT ENE GRTTAIOahd S PRIEgREPBFol board i

valve in . _
controlled by the vehicle electronic control unit that receives and processes

information to provide a relevant signal to the electronic control board.

7. . Adual fuel system assembly as claimed in any one of the claims 2to 6

wherein the liquefied gas is filtered before the proportioning valve with an inline filter.

8. A dual fuel system assembly as claimed in any one of the claims 2to 7

wherein the LPG tank, proportioning valve means and mixing chamber are linked by

a gas pipeline.

9. A dual fuel system assembly as claimed in any one of the claims 2to 8
wherein the pipeline between the LPG tank and proportioning valve includes at least

one closeable valve.
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response to processed information fromthe vehicle
el ectronic control unit.4. A dual fuel system assenbly
w@20080399%ed in claim2 or 3 wherein the di esel PETI&U2G03/001396
pressurized prior to entering the mxing chanber. 5. A
dual fuel system assenbly as clainmed in claim4
wherein the diesel fuel is-Pressurized by an inline
punp and the fuel is stored within a pressurized tank
10.pr i Adusidusissystefn agsetutzay a claimey st @wm aesefithé glaiss 2to 9
claimed in claim5 wherein the supply of pressurized
whéiegs®lerd ised ofiewaheoniratungvalveabe a daseablgulahieadttiy the line
flow control valve that is operatively controlled by
betﬁ\léeﬁhl@@t_Peﬁaﬁk g6dtHerope@ioing ivareahearist oni ¢ cont r ol
board is controlled by the vehicle electronic control
unit that receives and processes information to
provide a relevant signal to the electronic control

11.b08K eual%u?u%y@féﬂh aéé&hblgx%%mq@@m OheB6F Rk BialfRs 2itd 10

any one of the clains 6 wherei'n the |iquefied gas

whiar%lir'f {hletlﬁhﬁfi’eéféé’{aﬁk "sgﬁ af) [Pée rideP Ptedsu %f‘é‘%om 13bpRIbut above

ter system assenbly as

Itsf%@;s?gisupew 0 gge of the clains 2 to 7 wherein the

proportioni ng val ve nmeans and m xi ng chanber
are |inked by a gas pipeline. 9. A dual fuel system
assenbly as clained in any one of the clainms 2 to 8

i L T
iy 4Bl i LS RSP, o) ARG el

one-way non-return valve and a cl oseable valve within
the line between the LPG tank and the proportioning

val ve neans.
13. A dual fuel system assembly as claimed in any one of the claims 2 to 12

wherein the ratio of LPG to diesel is approximately 70:30 respectively.

14. A dual fuel system assembly as claimed in any one of the claims 2 to 13
wherein any LPG/diesel fuel ratio is suitable providing the engine components are

not prematurely worn because of lack of lubricity and the manufacturer’s warranties

are not voided.

15. A dual fuel system assembly as claimed in any one of the claims 2 to 14
wherein the liquid fuel mixture is pumped to a common rail operable under high

pressure so that the liquid fuel mixture remains in a liquid state.

16. A dual fuel system assembly as claimed in any one of the claims 2to 15

wherein the liquid fuel mixture is pumped to a common rail operable under high
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11. A dual fuel system assenbly as clainmed in any one
of the clains 2 to 10 wherein the |iquefied gas tank
WeL@Bex9PG under pressure of about 150psi butPEbyaU2007/001396
its vapor pressure of 80 psi. 12. A dual fuel system
assenbly as clained in any one of the clains 2 to 11
wherein the ratio of LPG toldi esel may vary between
50: 50 and 90:1 O respectively. 13. A dual fuel system
pressurerdol thatathe diGaid el nirtusenrencaies fa tiquad slate, ise comoon2ail is
wherein the ratio of LPGto diesel is approxi mately
conrfici toesnsjettov fireach éomBustival cHandler snd teniuet swrtireyis as
claimed in any one of the clainms 2 to 13 wherein any

diskiBHed 18 £akh bEle ifjatiors fos comblstidnan piIcosrddncgwithéheengi ne
conponents are not prematurely wor n because of |ack of

manufy’ct&é,tggyaﬂ'cgmsrranuf acturer's warranties are not
voi d A dual fuel systemassenbly as clained in

any one of the claims 2 to 14 wherein the liquid fuel
m xture is punped to a common rail operable under high

17! pr e&ﬁgéﬁuél i%ﬂ% a§§é¢nd5 i rﬁé&?ln &Rydrid & the BRIMS 158nd 16

st at fue system assenbly as

15|9J|h§u| dg}eufgﬁ ikt Q% fﬂ{eré@En&ltg'o‘Qn@thoﬁ |rjrﬁwé’\&ﬁﬁrﬁbﬂ raihe

ure 'S to a comon rail
oper abl e under hi ghpressure so that the liquid fuel
mxture remains in aliquid state, the common rail is

g A T
ARAEFLSER B R OSBRI B g

assenbl as clained jn n
the mixing ch%mber or combustion %r}%e%or%bggtlc}nh%a%baér% 15 and 16

19. A dual fuel system assembly as claimed in claim 18 wherein the excess fuel
mixture is returned via a fuel temperature sensor to a fuel pressure limiter then to an
overflow valve and a pressure limiting valve, the excess fuel is then passed through
a fuel cooler and maintained under pressure in a pressurized tank for subsequent

reintroduction into the mixing chamber.

20. A dual fuel system assembly as claimed in any one of the claims 2 to 19
wherein there is a separate line from the diesel tank to the supply pump and

subsequently to the common rail for the engine to use diesel as the sole fuel source.

21.  Aninternal combustion diesel engine with a dual fuel system including
a first tank to store pressurized liquefied gas;

a second tank to store pressurized diesel;
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15 wherein the fuel mxture is filtered prior to
distribution in the common rail. 18. A dual fuel

W@ yBemIgssenbl y as clainmed in any one of the BPCHAIE002/001396
to 17 wherein excess unburnt fuel mxture is collected
in an overflow tank and returned to the m xi ng chanber
for conbustion in the conbu®ti on chanber. 19. A dual
fuel system assenbly as clained in claim 18 wherein
t hea fivs€ paspofiloaingniatieheansoperhtiveie donrieatet thuked first tank and
tenperature sensor to a fuel pressure limter then to

ad#@te@¥LEdtRMNEF ovEoRARE né,auérreaa%@re linmiting valve, the
excess fuel is then passed through a fuel cool er and

mai NE&ddmaIchropsiaEniRG 98188 nfednd dpePdtelWohAsted &thef sicond tank
subsequent reintroduction into the m xi ng chanber. 20.

anctf\ﬁgé’ﬁ*edw%nt@(ﬁ{eeﬁﬁwaﬁi:tﬁ%hééeﬁs claimed in any one of

claims 2 to 19 ein there is a separate |line

fr %)ﬁ@%?ﬁ\%ﬁ?«% c%;%ﬁé‘tie%%hﬁe&% Q(# %&Hﬁgplgﬁgﬂionin? valve means

subsequ n rail or t gine tTo use
and bR a0 ag) Ayp iars iR g Sl By o mixa

progRiohEL Bt ind uehBq Sat pd R SriFISH g a1 J0rls

. Pr rti.oni ng val ve means operatively connected to the
IquFqi f‘@?"}"ﬁ% ﬁﬂ@ adapted to control the flow of the

l'i quefjed gas; a second .praoportioping.val ve nmean
opispyary magns ok Alsttugho FHE i g tisiiredf £35 iierog
to control the flow of the diesel; a mxing chanber
corgpestRnchaIpeBHiRsen &R TBINGRIOFPTOF CRRERIS NG IAPAYO0RA. PG the
means and second proportioning val ve neans, said .
fuelf i pguiakBa e resRed s PreRPHNIRg yalye means in accordance with

demand.

22.  An internal combustion diesel engine with a dual fuel system as claimed in
claim 21 wherein the proporttioning valve means includes a flow control valve
operatively controlled by an electronic control board, said electronic control board
controls the flow control valve in response to processed information from the vehicle

electronic control unit.

23.  An internal combustion diesel engine with a dual fuel system as claimed in
claim 21 or 22 wherein the diesel fuel is pressurized prior to entering the mixing

chamber.
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proportioned flow of the |liquefied gas and a
proportioned flow of diesel to forma liquid fuel

WOorzooB18@99 and di stri bution means for distri butPCyAUR®7/001396
liquid fuel mxture to each internal conbustion
chanber, wherein an engi ne processor controls the
proportioning of the fuels-BY regulating the
respective proportioning val ve neans in accordance

24W t An dreematicordiBustin digsetemgihe adhviaudital tuel systeml asariajimed in
with a dual fuel systemas clained inclaim2 1

clah eBeaiteréin ehd tieperrflelds phgsuatedebyaainting pampdes the filed g
control valve operatively controlled by an el ectronic

stdFé’d‘WTtﬁ’lh dpasslirizeaitshiepentts agé.c control board controls
the flow control valve in response to processed
information fromthe vehicle electronic control unit.
23. An internal conbustion diesel engine with a dual

5f uehn W? P&(ﬁﬁb@ti@h frsbel Bn éogih@wlﬁh% duaPfuel ySHBRArR dlaii?e in

di esel I's pressurized prior to enterlng t he

claﬂ]r])ﬂ4%e‘? h Ergﬁ)j)r ofﬁe%éﬁr%a"i‘:‘les‘épﬁff%r‘t%tthé%lﬁhﬁ%ﬁ!amber is

engine w systemas clainmed 1n"claim23

re%ﬁ%& gﬂ gtf[oﬁvea#ng@ﬂalflé' g{at o0 d&%ﬁéﬂ{}é@%‘ép% gg rﬁln'z A ddtr'oﬁlc control
boaﬁrdit ﬂwre élgﬂgosn?(} %oéﬁroéég?rjg rr% 8&“@" ?r)gEH? kér@?le%l&z@ln Vc\ahetfbgn'trﬁﬁunlt
tha& quoivlfg% rgi of rsgg T r I § q%nq? 5{‘7’9%5: ?él a%t %@ﬁaﬁﬁ)&bg Hiectronic

0 eratlvely controlled by an electronlc contr ol board,
Coptl BOPEL:t r oni ¢ control board is controlled by the
vehicle electronic control unit

26. An internal combustion diesel engine with a dual fuel system as claimed in
any one of the claims 21 to 25 wherein the liquefied gas is filtered before the

proportioning valve with an inline filter.

27.  Aninternal combustion diesel engine with a dual fuel system as claimed in
any one of the claims 21 to 26 wherein the LPG tank, proportioning valve means and

mixing chamber are linked by a gas pipeline.

28.  An internal combustion diesel engine with a dual fuel system as claimed in
any one of the claims 21 to 27 wherein the pipeline between the LPG tank and

proportioning valve includes at least one closeable valve.

29.  An internal combustion diesel engine with a dual fuel system as claimed in

any one of the claims 21 to 28 wherein there is a one-way non-return valve and a
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that receives and processes information to provide a
rel evant signal to the electronic control board. 26.

wa\eoosns@enal conbustion diesel engine with a deei/ADemIr/001396

systemas clained in any one of the clains 2 1 to 25

wherein the liquefied gas is filtered before the

proportioning valve with an®nline filter. 27. An

i nternal conbustion diesel engine with a dual fuel
clespablenvaiee within tieliinenbetngentte DPGitank ahdihemprpdrib®ing falve

wherein the LPG tank, proportioning valve neans and
mednd. ng chanber are |linked by a gas pipeline. 28. An

i nternal conbustion diesel engine with a dual fuel

systemas clained in any one of the clains 2 1 to 27

wherei n the pipeline between the LPG tank and

30pr operitientsl BgmBasich diskd! BHGRe Mithl LA 16 %ygtbﬁﬁé%a&éﬁed Lin

val ve. 29. An internal conbustion dies engli ne w

angwak of 4R claysd 2Moasd whévelfPfe!i§uéidy aRk stohss LR TRief

1 to 28 wherein there is a one-way nhon-return valve

préstreasi ARRREGhsy Bhl"@od%,tit%ivﬁeg{‘ére%%lﬂ@ & %béﬁ%ﬁ n A:} he LPG

tank and the proportioning e mnmeans.
i nternal conbustion diesel engine with a dual fuel
systemas clainmed in any one of the clains 2 1 to 29

R ok B B St e
oo P51 DA SRR R i oo

clAal erein the ratio of LPG to diesel
so'néa@éﬁgénééé%e%ﬁ\'%: 50 and 90:1 O respectively.

32.  An internal combustion diesel engine with dual fuel system as claimed in any
one of the claims 21 to 31 wherein the ratio of LPG to diesel is approximately 70:30

respectively.

33.  Aninternal combustion diesel engine with a dual fuel system as claimed in
any one of the claims 21 to 32 wherein any LPG/diesel fuel ratio is suitable providing
the engine components are not prematurely worn because of lack of lubricity and the

manufacturer’s warranties are not voided.

34.  Aninternal combustion diesel engine with a dual fuel system as claimed in
any one of the claims 21 to 33 wherein the liquid fuel mixture is pumped to a
common rail operable under high pressure so that the liquid fuel mixture remains in a

liquid state.
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32. An internal conbustion diesel engine wth dual
fuel systemas clainmed in any one of the clains 2 1 to
w@208mbeei n the ratio of LPGto diesel is PCT/AU2007/001396
approxi mately 70: 30 respectively. 33. An internal
conbustion di esel engine with a dual fuel system as
claimed in any one of the eP&inse 2 1 to 32 wherein any
LPG di esel fuel ratio is suitable providing the engine
35conpeirearinal eonebustibn piesebéngind withvarduabbrehsysterofas| daikedfin
lubricity and the manufacturer's warranties are not
any 6hé efltheaimAr21i to 3arwitedreiaand iqiid duwel ehigtard isugipee todat h
a dual fuel systemas claimed in any one of the clains

combntrail SgeraBRY Eider hit® Preshiire! sb Uedt tha Kiuid Rudl miurechairs in a
a common rail operable under high pressure so that the

liqidl Gt4ité! the'BbmPoRtrHN & EHMBLRE tb Bn dnjbétBrio eBERESMBAstiofn
I nt ernal nmbustion di esel engine with a dual fuel

co
chﬁﬁé@éﬁdﬁﬁﬁg&?hﬂﬁqré 1B AIbRBE tPEadh e thé #iddors fdr édtnBidstion in

ereint iquird fuel mxture is punped to a common

ac#ﬁé%n%f%@%%&étu@r’gQg@?iﬁéﬁi& g so that the liquid

m xture remains In qui d state, the common
rail is connected to an injector for each conbustion
chanber and the fuel mxture is distributed to each of

36%253‘ i‘{kfer‘é%féiosnﬁ%@gﬁ %@%ﬁ%ﬁigiﬂ%@v“%%%%fﬂ%ﬂ%%fa% ddfied i
[ i [ Wi I

R N L R A
fuel Hix%ure is filtered prior to distribution in the

distriRution M heIcOMRON IRY. § nt er nal combustion di esel engi ne
with a dual fuel systemas clained in

37.  Aninternal combustion diesel engine with a dual fuel system as claimed in
any one of the claims 21 to 36 wherein excess unburnt fuel mixture is collected in an
overflow tank and returned to the mixing chamber for combustion in the combustion

chamber.

38. An internal combustion diesel engine with a dual fuel system as claimed in
claim 37 wherein the excess fuel mixture is returned via a fuel temperature sensor to
a fuel pressure limiter then to an overflow valve and a pressure limiting valve, the
excess fuel is then passed through a fuel cooler and maintained under pressure in a

pressurized tank for subsequent reintroduction into the mixing chamber.

39. Aninternal combustion diesel engine with a dual fuel system as claimed in

any one of the claims 21 to 38 wherein there is a separate line from the diesel tank



any one of the clainms 2 1 to 36 wherein excess unburnt
fuel mxture is collected in an overfl ow tank and

WO 2t08/0899 t 0 t he m xi ng chanber for conbusti onPCHAURI®7/001396
conmbustion chanber. 38. An internal conbustion diese
engine with a dual fuel systemas clained in claim37
wherein the excess fuel m xtdre is returned via a fue
tenperature sensor to a fuel pressure limter then to

todhe surply Pump\aald\seibaeglientip teteuwoenrhomidii fogtheadngthe tblife diesel
excess fuel is then passed through a fuel cooler and

asthe bkl foeldsauncker pressure in a pressurized tank for
subsequent reintroduction into the m xi ng chanber. 39.
An internal conmbustion diesel engine with a dual fue
systemas clained in any one of the clains 2 1 to 38

40nhe i intetried cOmMbEastNSAOSH @hginkiviidh 4 H@MNEySeRs& claimed in
tankto the supply punp and subsequently tg t he conmon

5 anyanke dfefairhde1eH 80 Mictdn Uike X &% f
source. 40. An intefna? coﬁbust?gﬁﬂﬁPgE§r$§%gpﬁg%upﬁﬁ&”es

th@a€eeMrafioteb h %ﬁmeaaﬁwd%}vﬁétﬁspth}e YefiRe S @%@l@%&@hﬁ@o% an

to 39 wherein there I's an accel eroneter
indNRASHE &rspult ABrAhe %c@él?{dg‘é&eﬁ%g%ﬁsg 8@\%@?}&? hegrﬂ:?aﬁégﬁ{eh &sel and

the vehicle 1s trave u
ligh &t gds's r: S rativel
bRl o F P GG BT RpBPRES QBT (ke praror
val ves via the respective electronic control boards. 4
1. An internal conbustion diesel engine with a dual

10 a1; P THEREMRATRTHET e| Sogrle bR B0 Al el Seiom aupgrantaly
i 4 dual fuel /St nmb
o BRFeinRy Qe Renanras S A b P abemReannGsiawings.
as illustrated by the acconpanyi ng draw ngs.

42.  Adual fuel system assembly as substantially described herein with reference

to and as illustrated by the accompanying drawings.



