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A DUAL FUEL SYSTEM FIELD OF INVENTION The present invention
relates to diesel engines and fuel systems for diesel 5 engines. The
present invention has particular but not exclusive application for use with
trucks. BACKGROUND OF THE INVENTION Trucks and in particular long
haul trucks use large volumes of diesel fuel in 10 transporting goods. As
the price of diesel increases, the cost of freighting goods also increases.
While at least part of the in&rBbgd-iRWBst8 YSpassed 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 ha en.l ' 15 LPG (Liquid
Petroleum Gas) has been jachexeial }9‘?} fuel source for diesel
engingg el PGy d r . ‘approxi I ) in,.
the Tars s B Ao S e W s
engaseoUSestatsattpresstivashae bdetonuld0: priwRishsiSL O RIesIRIN €or use
required to maintain LPG in a liquid state. 20 LPG has also been used
WiftHrHrESel 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 pri@&@%@gﬁﬁ%@gﬁg m!é%frﬁlgﬁhe combusti_on
chamber. The problem with Using source for diesel
engirmesiiashaid 25 taeienginead ral subrianialiadifigalion (& Q¥aIGoms in
the reduction in lubricity with
fransporting 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 1o the end
consumer, market forces have caused the truck operé’[or to absorb much of the
additional costs thereby reducing their profit margin. Consequently alternative fuel
sources havs been investigated. |

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

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

The problem with using LPG as the sofe fusl 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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the use of LPG and the ability to provide the combustion of the LPG.
Modification of 2- engines is a major expense and voids the warranties
from the engine manufacturer. Even with LPG and diesel dual fuel
systems, diesel engines need to be modified to allow the introduction of
LPG into the combustion chamber. 52(_)BJECT OF THE INVENTION It is
an object of the present invention to provide an alternative dual fuel

eﬁgﬁig%@gﬁgﬁ%%ﬁmgtﬂarmﬂngqung@%inaomlsmﬁacmr.

ENTION 10 The present invention arose from
slriingan altesnatiesepprastibyswndersiandiradhe efeststoherassimed to
on LPG and developing a different solution to dual fuel systems using
afwessearizecilLB@Graoid-Rédhowt thalbstahtisdiynnobdifpiey the diesel engine. In
one aspect the present invention broadly resides in a dual fuel system for
15 use by an internal combustion diesel engine including a fuel tank to

store pressurized liquefj  BP4eRo onl lve means operatively
connected to the fuel t gidonde Y S he flow of the liquefied
gas; gnd a,mbHja3iChRmbesenaialiNeeAnREpiedide the RReRATARNIAG fuel
valve and 20 adapted to mix a proportioned flow of the liquefied gas and a
spirpotionsdftomef adiess iogatma dippidrfusitionistipeobidresein 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
y SUMMARY OF THE INVENTION

The present invention arose from taking an alternative approach by
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 liguefied gas;

a proportioning valve means operatively connecied 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 How of
diesel to form a liquid fuel mixture, wherein the fiquid 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 inciuding

a fuel tank to store pressurized liguefied gas;
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assembly for installation with an internal combustion diesel engine
including 25 a fuel tank to store pressurized liquefied gas; -3 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 gas3ind a proportioned flow of 5 diesel

to form a liquid fuel mixture, wherein in use th b ide th
PR e e A T

PIGRORISNIBN PG D5 RTRLBEARY dacludgs a flow control valve

operatively controlled by an electronic control board, The electronic

contrel fapaig cpaaiesabperantglsdheiawieantidl YRI¥ErRARPRIE 48d

processed information from 10 the vehicle electronic control unit.
sRppterbiviyntke giesetiftnsiddipresdii Jsdgitordaserte dry¢herinnaddiow of
chamber. The diesel fuel is preferably pressurized by an inline pump and

difaeii e RAGH AR M XHrR SUlIRRIR ThrReNB PRS U VR RIdHANIa e
ﬁﬁm&%m{ﬁﬁvgié%gn%%ss%mfﬁyﬁ&ggommn ghamber is regulated by a
ol va

sel engine. .
ow control valve that is operatively 15 contro Ted by AhBlectronic control

boardrsEha GletaRE avEralanastdtpisipiadbasoniaied oihavehicle

electronic control unit that receives and processes information to provide
cpaabeEn et tdoihenaetronic cotttrobbaard Thhe bguefiedtgasoidoard

preferably filtered before the proportioning valve with an inline filter. 20
PERSfapAbRPIE!E IS TanICmtEn atleniR JaranRSMERIecasdanikling eHiombem

Ii'?\erevehicle electronic control unit.

Preferably the diesel fue! is pressurized prior to entering the mixihg chamber.
The diesel fuel is preferably pressurized by an iniine pump and the fuel is siored
within a prassurized tank prior to use. Preferably the supply of pressurized diesel
fuel to the mixing chamber is regulated by a flow control vaive 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 1o provide a relevant signal {o the electronic control board.

The liguefied gas is preferably filtered before the proportioning valve with an
infine filter.

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

The pipeline between the LPG tank and proportioning valve preferably
includes at least one cioseable 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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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 25
proportioning valve means. -4 The dual fuel assembly may be fitted prior
to delivery of a diesel engine vehiclesor fitted as an after market kit. The
liquefied gas may be LPG, propane, natural gas or compressed natural
gas. iy elerably ibsehtpefrey gaditedlostoresitREry ntle dgres sungref
about 150psi but above its vapor pressure of 80 psi. In a further aspect
veicla s itied 2 eadifiaasiéstikitan internal combustion diesel engine with
dual fuel system including a first tank to stor ngssurized quuefie&l Sial
10 2 SEAHAERH S TG L PSR LA At AT P SO v
gmseans operatively connected to the first tank and adapted to control the
ﬁow of the liquefied gas; a second proportioning valve means operatively

connegtestigjhRcsrERAdd3ak amd Acapteridasonimbisaioy afdine 50psi
diesel; 15 a mixing chamber operatively connected to the first

bpt@boredts vgpalpesaeans &hpssecond proportioning valve means, said
mixing chamber is adapted to mix a proportioned flow of the liquefied rg%|as

and dbrdpBhesAsrerblLNYRENE Ay sesides in an internal combustio

diesel engine with dual fuel system including

a first tank 1o store pressurized liquefied 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 1o 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 1o form a
liquid fuel 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 reguiating 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.



10

15

20

25

liquid fuel mixture, and distribution means for distributing the liquid fuel
mixture to each internal 20 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 assembR-also apply for this aspect of the
inventir(?]n. -5 Théa seconq tank preferably receives pressurized diesel via

an inline e AR F BURE SRR LeaRiget 8??&%?%9?%@6’6?18%”}5‘&%%ﬁad
Navearangissfeialiyincludes a flow control valve operatively

controlled by an electronic control board. The electronic control 5 board

preferaidyseonitoisdhe itowgoBeIvalR rERFBBRNSBIORIDEERFEEntrol
information from the vehicle electronic control unit. The vehicle electronic

\Eortrepeiaiive epde ligd dy roceiestierivpuintey) dratind) tbedeinuamodiotiuiddy
the engine. Preferably there is an accelerometer means that measures the

R BTG Bre e R AlEd MhEr Wi RV (ReRRASIS rBRSmeg el dprmation
ARmaldREine. e Tom e 0 ecclaomelormonns BIEfeably oy o

operatively regulates the diesel and liquefied gas

4Mgm%mw%wmgmé§megﬁmger inputs are

preferably processed b electronic control unit. The ratio of LPG to
diesePrefyrandyyHsetvieen &0eEScardH0ntarie spactivelirdviare aeiriabhh of
the ratio of LPG to diesel is approximately 70:30 respectively. 15

g SRR ERhy e i sheuTalite i FRvRigahe engimacmipdinentorutinot the

a%g%@%%ré%g'means preferably operatively regulates the diesel and liquefied gas
flow control valves via the respective electronic contro! 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 ot 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 fuel 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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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 20 high
pressure so that the liquid fuel mixtur% remains in a liquid state. The
phrase common rail in the specification includes common rails and fuel
rails. Reelatabi b somman aibizcompalsilin.an niselordoneach

combustion chamber and the fuel” mixtur IStri uPe%!% eac

igieeiedIdone ainIstioM ARG USABGEIWHIER PABUERESHFBESber. More
specifications. 25 Preferably the fuel mixture is filtered prior to distribution

Iretherbtynexeassdile-Giiixeds setmmbeadntifue Fueixeme ssapreferilyr coleciad
in a overflow tank and returned to the mixing chamber for combustion in
RS EMBTERDHER AT NI VBt iy Pesksese indingivalve. iErsashbe!
via a fuel temperature sensor to.a fuel pressure limiter then to an overflow
R TR o e Bl e st 1 5
massesdrorahs Lebsqalar AR MaIaNAh YD RT IS SIS a2

pressurized tank for subsequent reintroduction into the mixing chamber.

Preferabfyrtiyatisra isepmupdentnint o inssl tank 16 the KPR OMmP
and subsequently to the common rail for the engine to use diesel as the
Bl s Yaerassutydo e P aMRRSRBE d0e Prainedntion Brsatias tbsidet iivat
method of using the above mentioned dual fuel system for an internal
E8iRBustion diesel engine including proportioning flow of liquefied gas

from {he, figst JrRk Wit 6 fitstion broadly resides in a method of using the

above mentioned dual fuel system for an internal combustion diesel engine including
proportioning flow of liquefied gas from the first tank with the first
proportioning valve means;
proportioning flow of diesel from the second tank with the second
proportioning valve means;
mixing proportioned fuels to form a liguid fuel mixture in the mixing chamber;
distributing the liquid fuef 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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proportioning valve means; proportioning flow of diesel from the second
tank with the second 15 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. 20 BRIEF DESCRIPTION .OF THE DRAWINGS in order that
the present invention can be more readily understood and put into

practicgdpHect; EeiRIgRESWIL ROMMRSVBAGR IR IRAIRARNBANYIAYG Swage Lock

drawings wherein: Figure 1 is a diagrammatic view of the preferred
Eopocibnientaitied val diehfbsystemdectiese bonginegstem:; Bigiire 2 is

a diagrammatic top view of the mixing chamber using Swage Lock
propoftiBHmg VaIRe 2 RS HR & fied dlectibing charrdlasyesen; Sinene
Figure 3is.a diaqlra‘mmatic side view of the milxirig chamber using Swage
LGPPSR MING VAR 2% AL R BB AR B AN tRITE! ¥Rt BT

system. 5 DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT With reference to Figure 1, there is shown a dual fuel

system (e Tecediesescmemefoot uaks. EReset ispty gaugeh o

service station pump at atmospheric pressure into tank 11. In a first
pathwaiii dideinesdrangufrom ik isshtonyapiivel3cel Systaran dritine filese!
12 by fuel feeder pump 13. Fuel feeder pump 13 operates at a
enginé for trucks, Dieselis introduced from a service station pump at atmospheric
pressure into tank 11. In a first pathway, diesel is drawn from tank 11 along pipe 30
via an inline fitter 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
contaminanis. The diesel tuel is subsequently pumped by supply pump 15 to the
common raif 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 fuei feeder pump 20. From the secondary fue!
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 sacondary diesel pressure tank 21 has a
pressure switch 22 which electrically controls the secondary fue! 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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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 15 chamber of the
engine. In a second pathway, dieselis drawn from tank 11 by secondary
fuel feeder pump 20 along pipe 31. The diesel from tank 11 is filtered by
prrssulip @ fiken 1 2 beyétissilseindinr aahdiyelo techedfayderatfeedss puipe
20. From the secondary fuel feeder pump 20, diesel is passaged through

EAI R AIPORRIEE 7 o' 3 S0 fieSkppraRatie pmROZe orks the
L A S e e ML A A S e AR s ke

appro ate PSL. e secon Yy diesel pressure tan as an

Fesmd el ds e sapRellyy JiBsPErRARIAMYAIRSS! PISSSIFG l8Meddel

has a pressure switch 22 which electrically controls the secondary fuel
feseideppump320 thereby maintaining the desired pressure. The secondary
diesel pressure tank 21 25 also has a bleed valve to bleed any air within
the lifdeSBHRESRIESRUBRN s arcodracdigrearesure i ISaies R ine

2 bet the fuel f 1 th dary diesel ,
et ae Al ol b e e i e
iPIRAIR IV HesENRES IS ARANASLA Valye 2410 ling 3R el prqvents

diesel from the secondary diesel pressure tank 21 passaging to the fuel 5

drerien puspprdiddiiessisize ¢ dinseldrasntibrsecandanyrtiesekRIgsstie by
tank 21 is passaged along line 33 to the mixing chamber 28. The flow of

theeietirireci adivisel Wil @ lindg8iectronic control unit 26 processes information

regarding revolutions per minute of the engine from a crank angie sensor.
Pressurized diesel passes through the diese! 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 filier 45, solenoid valve 48 and non-return valve 49 to an
LPG fiow 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 diese! and tiquefied 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 Vaives 60

can be used and are preferably locked at a predetermined ratio setting.
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is controlled by a diesel flow control valve 24. The diesel control valve 24
is electrically operated by a diesel electronic controller 25 which in turn is
actuated by 10 the electronic control unit 26. The electronic control unit 26
processes information regarding revolutions per minute of the engine
from a crank angle sensor. Pressurized diesel passes through the diesel
flow control valve 24 and enters the nfixing chamber 28 at a pressure of

approxll ately 1OOF§SL LPG is introduced into tank 43 from a service
station' DA WRERE TSt 2RSS OPRRl RlIGdER M b Hea stpRogiioning valves

8BRrRAIGhed SRSIIBISIPIE EER IS slored, underressure ol 150

psi in liquid state. Liquid LPG pass rough pipe
Ads nline filieut s reodpraidovalin4s Anhp A HRIWBIY AWM 40 Al B C

flow control valve 50. The LPG flow control valve 50 is electrically
diserateadyia @ uiRESElent orie comireliiuSlisvbiotdaasiiaie thiby dbe
electronic control unit 26. 20 Pressurized liquid LPG enters the mixing

chamBeP2EHed Slie ik s Fo0stipse anrtRerpldiGuriiaruisstleands a
liguefi PG enter the mixin E m Ié& The mixing chamber 28 is
e e A D DR T e b b oo o
Boney BURSSRIRI SIS Tositiae diack RIAQIIBRIBGLY NG 80, KADAS, o
used and are preferably locked at a predetermined ratio setting. e9 he
texiung) cihaisiberc28d. substantisdly BpharisaLdtBsdievRIgPERHERIpSsvalves
60 are positioned spatially diagonally opposite each other. The mixing -
rRpel Tetipad eatnes fEs iieunsdsntBitity faciftatdlemzingetfthedasts.
nge rrpixed fuel is discharged via outlet 62 and excess mixed fuel is
RRIRTIOERR QIR Y 6% BATraabHRHCNB eIRidR Tainteln gRaies and
g@%éﬂgﬁsﬂowever, there is a

Apart from regulating the diesel and LPG fiow control valves 24, 50, in
response to engine revolutions per minute, the flow control valves 24, 50 are alsc
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 fue! mixture is drawn through a
secondary fuel filtration unit 54 by the supply pump 15. From the secondary fuel
filtration unit 54, the liquid fue! mixture is drawn into the supply pump 15 and pumped
to the common rail 16 at high pressure. The common rail 18 distributes the tiquid
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 fusi mixture that is not burnt is returned from each injectar 18 via a

fuel temperature sensor 56. Excess fuel mixture associated with the common rail 16
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range of ratios from 10% diesel and 90% LPG to 90% diesel and 10%
LPG. Ratios of fuel blends which use less than 30% diesel can be
achieved where the lubricity of the fuel mix is increased. In particular, low
sulphur diesel which undergoes additional filtration treatment has reduced
lubricity and fuel blends below a diesel 10 percentage of 30% requires
additional lubricity in order to maintaif®engine components. Apart from
the diesel and LPG flow control valves 24, 50, in response to

regulatin ' 24,
SRSV RGBT TV IILRE, (R AoR/ I VAIGCRed g &vadiow valve

i . o ?
S BT SRS AL 08 e
EH0CRsSAsdYLRe R Rcienis RO NRls Wilied FAREdHS A RYSNABRELL8

the liquid fuel mixture is drawn through a secondary fuel filtration unit 54
Dyt Supivly! pues ErbtdRiobs tHese tondaxgdued Bitsation wrik 54, the fuel
liquid fuel mixture is drawn into the supply pump 15 and pumped 20 to the
BOFHFA Shd a1 SRIMY P res i ENARRE: SHFADFEHAIN 16 B SRSUNTRY IGuHtd
fuelorr1si%<tur8,1tao he injectors 18 of each combustion chamber (not shown).
(Brr‘ﬁyuorll%n |nJe"E‘:1 o 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
25 fuel temperature sensor 5 EXcReSEET mxduer@ssociated with the
common rail 16 -10 is returned via pressure limiter 57. Excess fuel mixture
is pipBu tayE pratitiog sikipertse theodigh fied sysrentimiting crahest5oydutidn,

cooler 64 to the mixed fuel pressure tank .
amission tests were conducted by an independent third party, Brisbane City Council

and the results were analyzed by Gilmore Engineers Pty Lid. Two {ests were
conducted when the vehicle used diese! only and LPG/diesel (at a ratio of 70%LPG
and 30% diesel). The diesel only test (fest 2969) was conducted on 27" March 2007
using the DT8O short fest. 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 [SUZU (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:
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65. The mixed fuel pressure tank 65 has a bleed valve 66 which allows
removal of air from the fuel lines and tank 65. From the mixed fuel
pressure tank 65, the fuel 5 mixture is drawn up into the mixing chamber
2B for return to the common rail 16 and combustion chambers.
EMISSION TEST RESULTS By way of providing support for the dual fuel
system of the current invention, 10 emission tests were conducted by an
independent third party, Brisbane City Council and the results were
analyzed by Gilmore Engineers Pty Ltd. Two tests were conducted when

the vehicle usgd dieggirgnly a GCPCORBEBNM |
30% diesel). The diesel only test (test 2969) was conducted gn 27th

March 2007 ysing the DT80 shaoftaesesbhe LPG/thessleast (lest 3262)s
was conducted on 17th. 15 May 2007 using the DT80 short test. The same

vehi®®was used f&/H¥th tests. TH&2/Ehicle was af-$80ZU (950 FVR)
@Ck wi h§ ehicle test massiof-13000 I(n The DT80 short test was.a
P&Bid

e accditfBitions dnd décafrations mté)rgﬁgrsed with idlﬁna

gllt o I ﬁuc vehict 'iSiGi"nC eluti tcat-reat-wortd"
stop start operating modes and conditions. 20 The emission test results
AP FHENERIZET DRI T UNITS PIBESEL ONLY bRG{DIESEL DNEFM
(Test 2969) (Test 3262) Limits NOx g/kwWh 6,211 0.380 (Nitrous Oxide)
o/kat@rY07 0.686 1.5 PM LLSP mg/kwh 80,194 26.325

Average % 4.623 2.382 25

Opacity

Based on these results, an engine under the DT80 short test driving cycle
using the LPG/digsel fuel mixture has significantly lower opacity, significantly lower
particulate emissions, and lower NOy emigsions 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 onily £.7% of that allowable by
DNEPM limits and average opacity is 9.5% of that aliowable by DNEPM fimits. In
summary, the emission levels using LPG/diese! 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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(Particulate mg/km.t 9.126 2.831 50 Matter) Average % 4.623 2.382 25
Opacity 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 5 particulate emissions, and lower NOx
emissions on a per km basis in comparison with diesel. The NOx
emissions using the LPG/diesel mixtyye are only 45.7% of that allowable
by the DNEPM (Diesel Vehicle Emission National Environment Protection

Megeueinitenttationalemager emigsionsare ki Yiiatine diesel
allowable by 10 DNEPM limits and average opacity is 9.5% of that
redloviadiedny DhdcPhéliondsate sotimahensyd thedemmssibactenals wgngnties are
LPG/diesel mixture are substantially lower than that allowable by DNEPM

MaHain&D VAN TAEE RS of Reeppesitied embedmmsttasiere ol mikng fiquid
has the ad LPG can be mixed with. diesel
B A R b B S UE AR BF ISR VB e

SPmoystion shamhety Lntke otbgr dual fiel VSiemiast08d1858 in 2 gaseous

manutacturer's specifications are not altered and manufacturer's

S IFRiEBEreudnainRinadh Theiadaintage of the preferred embodiment
arises from mixing liquid LPG and diesel to form a liquid fuel mixture

whichT bardarizatisitéd JuttfuectysternwBhaib e tedembodiiat is that

chambers. Other dual fuel systems use LPG in a gaseous = =
only minor changes are required to the diesel engine, a Cleaner emission is

produced and less frequent servicing including oil changes is required. The dual fuel
system of the preferred embodiment takes advantage of the relative cheapness and
abundant supply of LPG compared with diesel and petrol fuels. This relative

cheapness can be transiated 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
fllustrative example of this invention, all such and other modifications and variations
thereto as wouid be apparent to persons skitled 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

exciude other additives, components, integers or steps.



state often introducing LPG with the induction air. The advantage of the
dual fuel system of the preferred embodiment is that only minor changes

are required to the diesel engine, a cleaner emission is produced and MCSLLP

less frequent servicing including oil changes is required. The dual fuel 10
system of the preferred embodiment takes advantage of the relative
cheapness and abundant supply of LPC_E[gpmpared with diesel and petrol
fuels. This relative cheapness can be translated into operational cost
savings for vehicles with diesel engines. 15 VARIATIONS It will of course
be realised that while the foregoing h given by way of illustrative

example of dois ineiepsien, fall ey andreshen etiliarioNssBNehYRRaIANSNg
thereto as would be apparent to persons skilled in the art are deemed to

fall within 85785 SESpEaF ZrAD WFTisR Woention as is herein set
forth. 20 Hyeieheninthadesesintionand.eipinaibisans slicatioR e Wk pted

"comprise” and variations of that word such as "comprises” and
Fcomfiieiig e waf tdhuetP traseifieinirratadtireiies sasdrealise is
integRIFRI-SIeRS JMCSLLP -13 CLAIMS 1 A dual fuel system for use by
an internal combustion diesel engine including a fuel tank to store

pressuriz&dUR ARG IE CREBTHSH RBRATRE WA RSN RERSEPRIFGINARYP and adaprad
Con{e’%wg Womi%EW@%%Q@Q@Q g%tQ&OQHBbm\?QﬂQWfBWB? diesel 10 form

liquefied gas wherein the ratio of liquefied gas to diesel is _
a fiquid fue! mbaure, wherein the liquid fuel mixture remains under pressure and is

1o introduced into a combustion chamber of the dissal engine.

2, A duzl fusl systermn assembly for installation with an intermai combustion diese!
engine including
a fuel tank to store pressutized liquefied gas;

15 a proportioning valve means operatively connactable to the fuel tank and
adapted to control the flow of the liquefied gas whereln the ratio of liguefied gas to
diesel is predetermingd; and

a mixing chamber pparatively connectatse to the proportioning valve and
adapied to mix a proportionsd flow of the liquafied gas and & proportioned flow of diesel

20 1o form a liguid fus! mbaure, wherein in useé the assambly can provide the fiquid fuel

mixXture to a combustion shamber of the diesel engine.



predetermined; and a mixing chamber operatively connected to the

proportioning valve and adapted to mix a proportioned flow of the MCSLLP
liquefied gas and a proportioned flow of diesel to form a liquid fuel

mixture, wherein the liquid fuel mixture remains under pressure and is io
introduced into a combustion chamber of the diesel engine. 2. A dual fuel

system assembly for installation with an internal combustion diesel

engine including a fuel tank to store pressurized liquefied gas; 15 a

proportioning valve means operatively connectable to the fuel tank and

adapted Acdceritrg|siseefloreaintbly hgukiieddjasiwihersindlot ras (ﬂsfﬁﬁorﬁcning

Ilqueped as to gjl sel | red e[rm ined; angva] mixin%lcham

opératively connectab t(ﬁe bropor |0F§?ﬁa VaKkeah ;edd%{’p?ec‘f S RRE gontrol

pragertiosdd a‘lawqaﬁdherhqmeﬁad gasrand-e pseparianeatow et slinsetc 20
to form a li UIF fuel, m|%<ture wh reln |p use the assembly can provide the

liq i e I S e R RO RS AR TP 8Ll engine. MCSLLP

s- 14 3. A dual fuel system assembly as claimed in claim 2 wherein the
proportioning valve means includes a flow control valve operatively

cofitrolle@ 'aHeéPé@f?ghﬁ:sﬁ%mﬂ%F%‘Bﬁfﬂe%&&iﬁ'l@&ﬁrﬁ@%%ﬁhﬁﬁéﬁﬁﬁf“a' is

copteelsithedfiowreontehinghve inkpgRmasEe. processed information from
the vehicle electronic control unit, 5 4. A dual fuel system assembly as

claimed in.claim 2 or 3 wherein the diesel fuel is
5, A dual fuel system assembly as claimed in ¢laim 4 wharein the diese! fuel is

1y pressurized by an inding pump and the fuel is stared within a pressurized tank prior to

usea,

4, A dual fuel system assembly as claimed in claim 5§ wherein the supply of

pressurized diesel fuel to the mixing chamber is regulated by a flow conlrol vahe that is
15 operatively controlled by an electronic control board, the etectronic control board is

controlied by the vehicte electronic control unit that receives and progessas information

to provide a relevant signal to the electranic contral board,

7. A dual fusi systemn assembly as claimed in any ong of the claims 2 10 & wherein

20 the liquefied gas is fillered before the proportioning valve with an inling fiker.



pressurized prior to entering the mixing chamber. 5. A dual fuel system

assembly as claimed in claim 4 wherein the diesel fuel is to pressurized MCSLLP
by an inline pump and the fuel is stored within a pressurized tank prior to

use. 6. A dual fuel system assembly as claimed in claim 5 wherein the

supply of pressurized diesel fuel to the mixing chamber is regulated by a

flow control valve that is 15 operatively controlled by an electronic control

board, the electronic control board is controlled by the vehicle electronic

control unit that receives and processes information to provide a relevant

signét to tHeRIHIMEETNEBERTA S FAGHAT R LR A HHEEEMBIP Jewherein

claimed, ipapneneRbiePalRS 2 ieh ydherainirdL s fausiiaddasis ¢ s
filtered before the proportioning valve with an inline filter. MCSLLP -15-8

A dudiPRiie$ system assembly as claimed in any one of the claims 2 to 7
wherein the LPG tank, proportioning valve means and mixing chamber

are linked by a gas pipeline. 5 S. A dual fuel system assembly as claimed

irl arfy onefofnthineier PSR RGP alRe gipaifebe e iie s PG farfierein

and m&ggaﬁsggw&w@xqﬂy%@%@Mﬁ‘@é&g@ﬁmﬁkﬂa%fe@ ales %LQISAS?H,%

fuel system assembly as claimed In any one of the claims 2 to 9 wherein
to theiredabizombravay non-return valve and a closeable valve within the
line between the LPG tank and the proportioning valve means. 11. A dual

fuel system assembly as claimed in any one of the claims 2 to 10 wherein
10. A dual fuel system assembly as Claimed in any one of the claims 2 1o 9 wherein

10 there Is & one-way non-retumn valve and a closeabie valve within the fing batween the

L.PG tank and the proportioning valve maeans,

11, A dual fuel system assembly as claimed in any one of the claims 2 {0 10 wherein
the liguefied gas tank storas LPG under pressurs of about 150psi but above its vapor

15 pressure of 80 psi.

12, A dual fusl system assambly as claimed in any one of the claims 2 to 11 wherein

the ratio of LPG to diess! is 4 predetermined ratio which may vary between 50 50 and

90:10 respectively.

13. A dual fuel systam assembly as claimed in any one of the claims 2 to 12 whergin

tha raiio of LPG to diesel is approximately 70:30 respectively.



10

it

the liquefied gas tank stores LPG under pressure of about 150psi but

above its vapor is pressure of 80 psi. 12, A dual fuel system assembly as MCSLLP

claimed in any one of the claims 2 to 11 wherein the ratio of LPG to diesel
is a predetermined ratio which may vary between 50: 50 and 90:10
respectively. 20 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. MCSLLP -16- 14.-Asdual fuel system assembly as
claimed in any one of the claims 2 to 13 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. 5 15. A dual fuel s%/stem assembly

as GaimBA 1A 1R BREBARE TN AR AT EA A &I SHETEaETGep 19 wherein

MigdyIIRyis: pusnpRaioia momeon rdbeparakie sndenhigharessuesothal that
the Iiguid fuel mixture remains in a liquid state, the common rail is

coliiiBa 'R CeBPIe? B iPraifstion chamber and the fuel

mixture Is distributed to each of the io injectors for combustion. 16. A dual
fuel system assembly as claimed in any one of the claims 14 and 15

whérein AHEHUH BIPATHIIFE ISR D ABIIS U RIS PN S /B ATSH faihersin
IS INAAAURLRYS IS PLADAMPNCEH SAHMAC 120K OREPHINEFRURS b that

to 16 wherein excess unburnt fuel mixture is collected in an overflow tank
an@?@ﬂ%ﬂéﬁ?&ﬁ‘?ﬁ@%ﬁmﬂ?@m in & liquid state, the common rail i3 connectad o an

injector for each combustion chamber and the fuel mixture i distributad 1o each of the

injectors for combustion,

18. A dual fuel system assembly as claimed in any one of the ¢laims 14 and 15

whareln the fue! mixture is filtered prior to distribution in the common rail,

17, A dual fuel syster assemnbly as claimed in any ong of the dlaims 2 to 16 whergin
excess unbumt fuel mixiure is coliected in an overflow tank and refturned to the mixing

charmber for combustion in the combustion chamber.

18. A dual fuel system assembly as claimed in claim 17 wherein the exgoss fusl
mixture is returned vig a fuel tempearature sensor to a fuel pressure limiter then to an
ovorflow valve and a pressure limiting valve, the excess fuel is then passed through a
fuel cocler and maintained under pressure in a pressurized 1ank for subsequent

reintroduction irto the mixing chambaer.



chamber for combustion in the combustion chamber. 113. A dual fuel

system assembly as claimed in claim 17 wherein the excess fuel 20 MCSLLP

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.
MCSLLP _ 17 19. A dual fuel system @sdembly as claimed In any one of
the claims 2 to 18 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, giesel a5, A6 QG HELSRAHGE o3 20nRA INIENAEOMRLISUARIESSh wherein
engine with a dual fuel system including a first tank to store pressurized
liquisiedgass i rrifitemidite dase iorede ihizedpaicpumadigsubsequently to the
proportionin I @WQ? j irst tank and to
ada%)trg&%% %%x%yfe?he owtgp t%ée %%)e/?%gdngggeefj ség%%lﬁgébroportioning
wvalve means operatively connected to the second tank and adapted to
congrol the flow of the diesel, wherein the ratia gf lquefied,gasig diese Is
preaetermlneg, a mixing chamber opératively connected to the first
proportioairgt valiveorseansressantk s ggoriagpgaportioning valve means, said
mixing chaaégb&%i§ d%pértag t_orgnsix a &J@g(s)rﬁioned flow of the liquefied gas
and a propor%onea oW Of QiBSar to Torm & iquid

a first proportioning valve means operatively connected to the first tank and

w  adapted lo control the flow of the liguefied gas;
a second proportioning valve means operatively connected to the second tank
and adapted to control the flow of the diasel, wherein the ratio of liquefied gas to diesel
Is predetermined;
a mixing chamber operatively connected o the first proportioning valve means
(s and second proportioning valve means, said mixing chamber is adapted to mix a
proportioned flow of the liquetied gas and a proportioned flow of diesel fo form a liguid
fusl mixure, and
distribution means for distributing the liquid fus) mixiure to each internal
combustion chamber, whergin an enging processor controts the proportioning of the
20 fuels by regulating the respective proportioning valve means in accordance with

demand,



fuel mixture, and distribution means for distributing the liquid fuel mixture

to each internal combustion chamber, wherein an engine processor

controls the proportioning of the 20 fuels by regulating the respective MCSLLP
proportioning valve means in accordance with demand. MCSLLP -18-

21. An internal combustion diesel engine with a dual fuel system as

claimed in claim 20 wherein the proportioning valve means includes a

flow control valve operatively controlled by an electronic control board,
saideg!ect;g]ni ecgérlltrol ggrd CQntI’ﬂS the flow control valve in response to

ion' FOES SEP U RIdHE SYstemiesaimAd in claim

e 1on di
processed mf'ormatlon rom e%?é"

inteoakoambustinardiessl angine mathaiduiah sl mye @Ma R/l Rge My
claim 20 or 21 wh?rein the diesel fuel is pressurized prior to entering the

mixiFy EHEhBEP B Y AR SR APEEInERI R RE St e At RoateRishe fow
fuelsyaiarure laispeddn sl pioteezowheseindbe AisspkivalisuBss Iz o

by an inline pump and the fuel is stored within a pressurized tank prior to
Use¥24, An internal combustion diesel engine with a dual fuel system as
claimed in claim is 23 wherein the supply of pressurized diesel fuel to the

mixing chamber is regulated by a flow control valve that is operatively
controlled By T 8| SEFSHRIAD ARBFIREAITE 1t BRsEBifcrRmaisdairekisin claim

congeollesh iy Ehaeisles el el anis-camEak it AL IRs I e ,%@é%g chamber.

processes information to provide a relevant signal to the electroni€ contro
board. 20 25. An internal combustion diesel engine with a dual fuel system

1S edimedhin@mi combustion diesel engine with a dual fusl system as claimed in claim
22 wherein the diesel fuel is pressurized by an inline pump and the fuel is stored within

a pressurized {ank prior 1o use,

24, Aninternal combustion diese! engine with a dual fuel systam as claimad in claim
15 23 wharsin the supply of pressurired ﬁieée[ fuel to the mixing chamber I8 regulated by &

flow control valve that is operatively controlled by an electronic control board, the

shectronic comiral board is controlled by the vehicle slecironic control unit that receives

and procegges information 1o provide a ralevant signal to the electronie contral board.

o 25, Aninternal combustion diesel engine with a dual fuel system as claimed in any
one of the claims 20 10 24 wherein the liquefied gas is filtered beéfore the pmpdrtioning

valve with an infine filter.



one of the claims 20 to 24 wherein the liquefied gas Is filtered before the
proportioning valve with an inline filter. MCSLLP -19 26. An internal

combustion diesel engine with a dual fuel system as claimed in any one RWMCSLLP

of the claims 20 to 25 wherein the LPG tank, proportioning valve means
and mixing chamber are linked by a gas pipeline. 5 27. An internal
combustion diesel engine with a dual fuel system as claimed in any one
of the claims 20 to 26 wherein the pipeliﬁg’ between the LPG tank and
proportioning valve includes at least one closeable valve, 28. An internal

comBistiofndidErERFinesitietR SNees stariasicrhfyerimanipingd in any
one afdherRlaimm 290025 WS ERNHD  FIS-A0 BRMIRIARB TSI YA g mixing

and a closeable valve within the line between the LPG tank and the
propoiBbmn & e dRehiyagsoraifianternal combustion diesel engine with

a dual fuel system as claimed in any one of the claims 20 to 28 wherein

the liquefied gas tank Stores LPG under pressure of i s about 150psi but
abové.-its Yapuepré ssiiarsfBliisst! 30aian witearhla Grlrystion diesdhed in any
engi ' [ i f claims20to = .
o o R e S Ry i
varyvbetieeyd SOetHeralth 9 0d@giepadtively. 20 31. An internal

combustion diesel engine with dual fuel system as claimed in any one of

the claims 20 to 30 wherein the ratio of LPG to diesel is approximately
70,3®. respettirely combustion diesel engine with a dual tuel system as claimed in any

W one of the claims 20 to 27 wherein there {8 a2 one-way non-returm valve and a cioseabie

valve within the line between the LPG tank and the proportioning valve meana.

28.  Aninternal combustion diesel engine with a dual fuel system as claimed in any
one of the claims 20 to 28 wherein the liquefied gas tank storas LPG under pressure of

15 about 150nsi but above its vapor pressure of 80 psi.

30.  An internal combustion diesel engine with a dual fuel system as ciaimed in any
ane of the claims 20 o 28 wherein the ratio of LPG to diesel is a predetermined ratio
which ray vary betwesen 50: 0 and 90:10 respectively.

20
31, Aninternal combustion diesel engine with dual fuel system as claimed in any one
of the claims 20 10 30 wherein the ratio of LPG to diesel is approximately 70.30

respectively.



MCSLLP -20- 32. An internal combustion diesel engine with a dual fuel
system as claimed in any one of the claims 20 to 31 wherein the liquid

fuel mixture is pumped to a common rail operable under high pressure so MCSLLP

that the liquid fuel mixture remains in a liquid state, s 33. An internal
combustion diesel engine with a dual fuel system as claimed in any one
of the claims 20 to 32 wherein the liquid fuel mixture is pumped to a
common rail operable under high pressuféso that the liquid fuel mixture
remains in a liquid state, the common rail is connected to an injector for
each combustion chamber and the fuel o mixture is distributed to each of

the igiectogs fapcamansion .40 daierod) combustiandiesel.endinc i,
a dual fuel system as claimed in any One of the claims ?é and 33 wherein
the fuel shiktueimsSReredipriored distfibuit deeinrikercomangrd ad 2 bodondvrail

internal g&mb{yﬂsti%n diesel en%in%\qim a dugljf fqel system as claimed in
hig ) i
any° ﬁre o?tlﬁe %ﬁal%spﬁe(ﬁ%r Owha‘erel?] 'é‘%eé‘g Unburat JUe ?ﬁf)’(‘tﬁr%‘?éd state,
collected in an overflow tank and returned to the mixing chamber for

combustiop in the oml%usl.ion cha‘mber. 36. An internal combustion
33, AT i £

diestendife Witk e dUAr TRt &St S8 2 Iimad 1R QS B WP RIm g dn anv
excess fiehanikitiesisoaiammeslomara: fitglidansp eraia SRNBEEd Goaafetehmon rail

pressure I%gniter then tor aréuggeagk%\évt \t/rz‘all%e agg al pr_etssure limiting vtalv_e,
f. 1T i i
the 8&% é’ags i e‘ﬁ\/l?f%ﬁ.ﬁ 8 liquid Tuel mixture remains il a liquid state, the

eommeon rall is connected 1 an injector for each combustion chamber and the fuel

0 mixture is distributed 1o tach of the injectors for combustion.

34. Aninternal cambustion dlasel engine with a dual fuel system as clammead in any
one of the claims 32 and 33 wherein the fuel mixture is filterad prior to distribution in the

cormmon rail

35.  An internal combustion diesel engine with a dual fuel system as claimed in any
one of the olalms 20 to 34 wherain excess unburnt fusl mbdure is collected in an
averflow tank and returned to the mixing chamber for combustion in the combustion

chamber,

ag. Aninternal combustion diesel engine with a dual fusl system as claimed in claim
35 wherein the excess fuel mixture is refurned via a fuel temperature sensor (o a fusl

pressure limitar then to an overflow valve and a pressure limiting valve, the excess fusl



-21- is than passed through a fuel cooler and maintained under pressure

In a pressurized tank for subsequent reintroduction into the mixing
chamber. 37. An internal combustion diesel engine with a dual fuel systenMCSLLP
as claimed in any 5 one of the claims 20 to 36 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. 38. An
internal combustion diesel engine with a #ual fuel system as claimed in

any vi one of claims 20 to 37 wherein there is an accelerometer means
thatirieerspresethibraigbaldvatiorref the vetiitdeemhdnidratiessihelvemcissisized
Uavling BRI AIATING, {5 HRH oM dhg: Aggelerometer means
operatively regulates the diesel an liquefied "gas tlow control valves via
the respective electronic control boards. 1-5 39. An internal combustion

diesg) engine with a dual el é&%‘?@‘naﬁ&lﬁlﬂ‘&tﬁd% %l"é‘!%‘ B S ot i1 any
there'is a' separate line from the diesel tank to the supply pamp and
subsegutntyiwnbecommenerail ibeth& enginede lisefdiesebastaetsolao the

fuel source. 40. %n igternal omb#stion diesell?nane with a dual fuel

systeiP L R RES THRAIN 2V S0 WHETE M MEDrBpORITHRG Valve Afsshys the

inclggdesuaiftourontrol 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

MC&i.LP ar?dremigilzdhne sletcimaie coptre vaoasdiisiahie da:ehangedemusinginy

diesel as the onIX fuel in the  combustion chambers of the engine.

1 ane of claims 20 o 37 wherein there Is an aceeleromester means that measures the

accelaration of the vehicle and whether the vehicie is raveling up or down an ingling,
the input from the accelerometer means operativaly regulates the diesa! and liquefied

gas fiow control valves via the respective electronic control boards.

15 B2, An internd combustion digse! angine with a dual fuel system as claimed i daim
20 wherein there is 2 separate line from the diesel tank to the supply pump and

subseguently io the commaon rall for the engine to use diesel as the sole fuel source.

4G.  Aninternal combustion diegel engine with a dual fuel system aa claimed in claim
1 20 wherein the proportioning valve means includes a flow control valve operatively
controlled by an slectronic conirel board, said slectronic control board conteols the flow

control valva n response 1o processed information from the vehicle eiectronic control



41. An internal combustion diesel engine with a dual fuel system as

substantially s described herein with reference to and as illustrated by the
accompanying drawings. 42. A dual fuel system assembly as MCSLLP
substantially described herein with reference to and as illustrated by the
accompanying drawings.

-3 .

unit, the elecironic control board is able to change to using diesel as the onty fuel in the

sombustion chambers of the engine.

41, Animernal combustion diesel enging with 2 duat fusl system as substantiaily

5 described herein with reference to and as illustrated by the accompanying drawings.

42. A dualfuel systern assembly as substantially described herein with reference to

and as illustrated by the accompanying drawings.



