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4 NJECTOR TECHNI CAL FIELD This invention relates to fuel

i nj ection systens for internal conbustion engi nes. 5 BACKGROUND
ART Fuel injection systens for internal conbustion engines can be
adapted to supply I|qU|d fuels to the inlet manifold for each
cylinder of the engine. systemis known as nulti-point |iquid
fuel injection. MBXBNF!EQJQROI of the operation of the

I njectors accurate anounts of liquid fuel can be supplied 10 directly to
each cylinder d N [RIELPNgi ne conditions and denand

characteristics for vaporrsation and combustion in the cylinder.
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5 BACKGROUND ART
Fuel injection systems for intemal combustion engines can be adapted to
“supply liquid fuels to the inlet manifold for each cylmder of the engine. This
system is known as muiti-point liquid fuel injection. By suitable control of the
operation of the injectors accurate amounts of liquid fuel can be supplied

10 directly to each cylinder depending upon engine conditions gnd demand
characteristics for vaporisation and combustion in the cylinder.

There is a problem in that for liquid fuel injection to be accurate the fuel in the
injectors adjacent the injection point must be liquid at all times. The
environment around each cylinder, however, can at times during engine

15 operation be very hot and such a temperature in this region is not conducive
to irjje_ct_ion of a liquid fuel which has a low boiling point.

One particular time in which serious problems can occur is when an engine
has been turned off for some time after running and the fuel rails, body of the
- inlet manifold and the injector or injectors have heated considerably to the

20 stage that the liquid fuel in the injectors and even in the fuel rails has

~ vaporised so that the rails are full of gaseous fuel rather than liquid fuel. This
condition may be known as heat soak conditions. When it is desired to restart
such an engine, the injectors which are designed to supply pressurised liquid
will not supply sufficient fuel in the form of a gas and such an engine cannot

25 easily be started. Operation of a fuel pump to circulate fresh fuel through the
fuel rails and injectors is necessary for some considerable time, perhaps 15 or
30 seconds, before sufficient fresh fuel has been pumped into the fuel rail and
injectors to cool them and to supply liquid fuel to the injectors to enable
stérting of the engine.

30 Another problem can exist where an engine is operated on a dual fuel system.
 That is, the engine has perhaps both a LPG and a petrol supply and is desired

to change from one fuel to the other. Where the change is from petrol to LPG
the much higher pressure LPG easily replaces the petrol but when the change
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in one form therefore the mventuon is said to resnde in an auxiliary injector
arrangement in a fuel supply system for an intemal combustion engine
comprising a main fuel supply system into the cylinders via at least one inlet
manifold wherein the inlet manifold includes a throttle and the manifold is
15 divided downstream of the throttie to supply air to each cylinder"'of the internal

combustion engine, the auxlllary injector arrangement mcludmg at least one

injector for the fuel mounted in the inlet manifold upstream or downstream of
the throttle and adapted to supply fuel at times when the main fuel supply
system cannot supply sufficient fuel.

20 Hence it will be seen by this invention that there is provided an auxiliary fuel
injector located in the main inlet air stream at a point some distance from the
engine block, where temperatures are not so harsh, as an alterative fuel
supply system.

o Because of its positioning adjacent the throttie the auxiliary injector may be
25 called a throttle body injector. :

In one preferred embodiment the main fuel supply system may be a muiti-
point fuel injection arrangement and there may be mdeual injectors for each
~ cylinder operatmg on petrol LNG, CNG or LPG. Altematwely the fuel supply
system may be a single lnjector system operating on petrol, LNG, CNG or
30 LPG.

The fuel for both the main fuel supply system and the auxrlrary umector of this
invention may be a single fuel vehicle which may be LPG, natural gas or
petrol or some other fuel.
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2 Is fromLPG at a higher pressure to petrol at a | ower pressure there

Is a gmglgg‘;labl e time, perhaps in the order of two m npt-fRuespfaséE t he

pressure is Still too high to admt petrol but the LPG pressure I's not
mai nt ai ned because of | ack of flow of LPG and hence is not high enough
to prevent vaporisation of 5. the fuel aqg again gas rather than liquid is
supplied through the injectors. It Ts the object of this invention to -
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therefore the invention is said to reside in an auxiliary inj-ector
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at | ea$t anliquitl fubkinjectdrsona igageausdiiel injegtard f uel injector or
injectors into at least 15 an inlet manifold adjacent_each engi ne cyl i nder

of the engine, 3pghfxiliary injector is operated on LPG or LNG as a gaseous fuel injector
~ the source of gas may be a vaporiser / regulator arrangement supplied with
liquid fuel from the fuel tank. -

Alternatively the gaseous fuel may be obtained di'rectly from the vapour space

10 in the top of the LPG or CNG fuel tank. Such a gas will be at the vapour
pressure of the fuel in the tank and this pressure will be sufficient to enable
supply as a gas to the injector and may need throttling back before supply to
the auxiliary injector. It may be necessary to use a pressure regulator on the
vapour supply line to the auxiliary injector.

15 When injecting through the auxiliary injector in either the liquid or gaseous
state the quantity can be determined by determination of the pressure or
pressure and temperature and the use of suitable look - up tables in an
electronic controller for the engine. -

As discussed above the auxiliary injector is used in a first circumstance when
20 the temperature or pressure or both in individual injectors is such that it is
| likely that fuel has vaporised in the injectors. That is, there are some form of
heat soak conditions which are being caused by a hot engine. '

- The other circumstance in which the auxiliary injector may be used is in a dual
fuel engine when changing over from a higher pressure fuel to a lower
25 pressure fuel. | |

The auxiliary injector arrangement for liquid fuel may use one or two injectors

and these injectors may be angled to the direction of elongation of the iniet

manifold to direct fuel towards the throttle when mounted before the throttie

and directed at a baffle plate when mounted after the throttie to in each case
30 provide good mixing and vaporisation of the fuel.

In one particular embodiment there may be both LPG and petrol supplied to
the auxiliary injector with suitable valving to ensure only one of the fuels can
be supplied at a time so that if the dual fuel engine has no petrol at all then it



auxiliary fuel supply system wherein the inlet manifold includes a

throttle body and the inlet manifold is divided downstream of the
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poi nt fuel injegtion arrangenent and there nmay be i1ndividual 1njectors for
_each cypfﬁlﬁpng'ﬂ@r ating on petrol, LNG CNG or LPG Alternatively the
fuel supply system may be a single injector system operating on
petrol, LNG WKerethe auxiliatyrifjector is to be installed into a motor vehicle at the tinté/oRNDED

SHEET change over from a single fuel injection engltFeEﬂ 4'dual fuel injection engine
there may be provided an adaptor ring which is fitted into the throttle inlet pipe
10 from the air cleaner and the injector may be mounted into the adaptor ring.
Once again a suitable supply can be provided from either the petrol supply {
line or the LPG supply line. . .

Suitable electronic control means may be provided in the vehicles electronic
control unit to provide for actuation of the auxiliary injector at required times.

15 The invention therefore provides an auxiliaryfuel supply which can be an
- injector located on a throttle body adaptor upstream or downstream of the
throttle body of an internal combustion engine. The injector may be a
standard petrol injector with relatively high flow configuration to cover as high
loads and engine speeds as possible. lts housing may be designed so that
20 the spray of the injector is directed towards the throttle valve. This will assist in
vaporising petrol which is importaht to achieve relatively good fuel distribution
into each cylinder. |

When heat soak conditions of the engine are detected the vehicle's electronic
‘control unit will energise the throttle body injector or auxiliary injector
25 operating on petrol by calculating the necessary fuel requirements and .
considering the amount of fuel for a single injector only. If neceSsary, two
throttle body injectors or auxiliary injectors can be used to cover a wider
operating range. This arrangement will assist in providihg fuel to the engine
~ and starting it running. At the same time as operating the auxiliary injector,
30 LPG or petrol fuel pumbs can be operated to recirculate fuel to cool the
injectors and fuel rails of the main injection system but the actual injectors are
not energised during this period.

When the electronic control unit receives a signal fd'iat indicates that there is
no more vaporisation due to cooling of the recirculation fluid or a



Yhe fuel for both the main fuel supply system and the auxiliary injector of

this invention may be a si ngle ehicle Wmch may be LPG natural gas
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Al ternatively the invention may ------------ ' al fuel vehicle such as
one whi ch is operating on petrol énd LP or any other two fuels. In
t he dual fuel system the auxiliary injector may be supplied-wth
petrol or LPG predetermined timehas glapses téettbrommdytmnegtqsmemwqu

natural gas maymbRi-Sbint pbtrol LNG, or LPG operation can be used.

During the period that the auxiliary injector may be running which may be up
two minutes there may be some loss of power due to the limited fuel delivery

5 through one injector. Two injectors may be used, how_ever_, to overcome any
power loss during that period. |

The throttle body injector may only be used when a heat soak condition is
detected or in a dual fuel engine upon change over from a higher pressure
fuel to a lower pressure fuel. When an engine is cold or there is no heat soak

10  conditions cranking and running will be as normal with the main or multi-point
injectors.

- The auxiliary injector may also be used to assist the ch_angéover from a high
pressure fuel such as LPG to a lower pressure fuel such as petrol. During
changeover the auxiliary injector is running on petrol simuitaneously with the

15 multi-point injectors to bleed the vapour of LPG into the inlet manifold. The
electronic control unit may adjust the fuel injection in the throttle body injector
or auxiliary injector and the multi-poiht LPG injectors by monitoring the

- feedback from the exhaust oxygen sensor. Care is taken so that the purging
of LPG is done as quickly as possible by reducing the amount of fuel from the

20 throttle body i_njéctor and achieving a relatively fast changeover. During the
changeover period the pressure in the fuel rail is monitored continuously so
when the pressure drops close to the petrol pressure it will switch to petrol
multi-point injection and the throttle body injector will be switched off.

Hence in an alternative form the invention may be said to reside in a method
25 of operating a fuel supply system for an intemal combustion engine
comprising a multi-point fuel injection arrangement including the steps of
determining times when the multi-point fuel injection arrangement is unlikely
"to be or is not delivering sufficient fuel and injecting fuel into an inlet manifold
of the engine at a point rem .2 from the engine.

‘30 This then geherally describes the invention, but to assist with understanding
the invention reference will :ow be made to the accompanying drawings
which show preferred embodiments of the invention. /
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" FIG 4 sh'ows an a_lfemative d_ual fuel injection arran'gement includi'ng'
an auxiliary injector of the present invention, | | |

10 FIG 5 shows a single fuel injection arrangement including an
auxiliary injector of the present invention utilising a mixer - vaporiser, and

FIG 6 shows a single fuel injection arrangement including an-
auxiliary injector of the present invention utilising vapour direct from the fuel
tank. T '- |

15 BEST MODE F( YING H| |
Now looking more closely at the drawings and in particular FIG 1 it will be
seen that an engine 1 shown schematically has an"inle_t manifold 2 which is
divided into individual inlet ducts 3, 4, 5 and 6, one for each éylinde'r. Fuel

- injectors 7, 8, 9 and 10 supply fuel from a fuel rail 11 into each injector. The

20 fuel may be petrol or LPG. Electrical wiring (not shown) from an electronic
controller (not shown) is provided to actuate the injectors as required. Also
not shown is a return fine from the injectors and rail to the fuel tank.

The inlet manifold 2 includes a throttle vaive 12 and upstream of the throttie
vaive 12 there is an auxiliary injector 13 which is supplied with fuel by line 15

25  from a supply line 16 which provides fuel to the fuel rail 11. The auxiliary
injector 13 has a nozzle 14 directed into the inlet manifold 2 upstream of the
throttle valve 12. The auxiliary injector 13 is also actuated by the electronic
controller. '

It will be noted that the position of the auxiliary injed’tdr 13 upsfreéfn of the
30 throttle valve 12 is somewhat remote from the engine 1 and therefore is not so
subject to the very high heating conditions which can occur on the individual



25 pressure fuel. The auxiliary injector arrangenent for |iquid

fuel may URyeYMR4gr tWo injectors and t hese i nject or spePpXubsee3g! ed
{0 the direction of elongation of the inlet mani fold to direct fuel

Yowards the throttle when mounted before the throttle .and directed
at a baffle plate when nounted after the $hrottle to in each case 30
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' 5 fuel canbe circulated through the injectors 7, 8, 9 and 10 to cool them or the
~ injectors can be operated to purge gas from them and supply liquid fuel. Once
- the main multi-point injectors are operating correctly then the auxiliary injector

is stopped.

FIG 2 shows a schematic arrangement of a dual fuel engine operating on LPG
10 and petrol and using an auxiliary injector according to this invention. The
~ engine 20 has a iniet manifold 21 which is divided into four individual
manifolds 22 each of which supply air to a cylinder in this case a four cylinder
. engine. Injectors 23 supply fuel as required to each individual infet duct so
that it can get into individual cylinders. During normal operation on either LPG
15 or petrol excess fuel is recirculated through an inlet fuel rail 27, the injectors
23 and an outlet fuel rail 33 to maintain cooling of the injectors 23. In the case
of LPG, LPG pump 24 pumps fuel from the tank 25 through LPG feed line 26
into the inlet fuel rail 27 and through each of the injectors with the excess fuel
passing through the outlet fuel rail 33 and the pressure regulator 29 and back
20 through LPG return line 28 to the LPG tank. Similarly with petrol operation,
petrol pump 30 pumps fuel through petrol feed line 31 from the tank 35 to the
inlet fuel rail 27 and through the injectors 23 and out through the outlet fuel rail
33 and through the petrol return line 34 to the petrol tank 35. A petrol
~ pressure regulator 39 in the retum line 34 controls the pressure in the petrol
25 circuit. o

A petrol feed line 36 from the main petrol feed line 31 supplies an auxiliary
injector 37 in the inlet manifold 21 upstream of the throttle valve 38. A branch
line 32 from the petrol feed line 36 to the petrol retum line 34 upstream of the
regulator 39 controls the pressure in the auxiliary injector feed line.

30 Fig 3 shows an arrangement of a singi= fuel engine operating on a high
boiling point fuel such as petrol.

‘In this drawing the same reference numerals are used as in Fig 2 for the
common components. ' '

The high boiling fuel such as pétrol is stored in a tank 40 and is supplied to
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the auxmary mje 8 may be used to supply suff‘clent fuel ‘

A baffie 49 may be provided to eﬁlclently disperse the m;ected fuel from the
injector 48.

| Fig 4 shows a dual fuel engine in Wthh the auxlllary m;ector 50 is a flow
15 through type injector supphed on fuel line 51 from fuel supply line 52 with
excess fuel passing through fuel return line 53 to main fuel retumn line 54 and
pressure regulator 56 into the fuel tank 55.

In this embodiment the injector 50 is upstream of the throttle 38 in the inlet
manifold 21.

20 Fig 5 shoWs an embodiment of LPG or LNG fuelled vehicle which uses a
vaporiser/regulator 60 to vaporise liquid fuel supplied by line 61 from main
fuel line 62 and then to supply gas through line 64 to gas injector 65.

The gas' injector 65 is downstream from the throttie 38 in-the inlet manifold 21.

Fig 6 shows an embodiment of aLPG or LNG fuelled engme in which the

25 auxmary injector 70 is a gas type injector and i is supplied by fuel from the gas
line 71 which extends directly from the vapour space 72 above the fuel in the
fuel tank 25.

As there is gas in the vapour space 72 of the tank 25 in equilibrium with the
o liquid in the tank there would be sufficient gas pressure to supply gas to the
30 injector 70. Optionally there may be a pressure regulator 74 in the gas supply
line 71. '

¢
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ﬂ%l sup;ﬁy system is a mﬁlﬁ-point fuei |nje&|on arrangement and there are

individual injectors for each cylinder operating on petrol or LPG.

3. An auxiliary injector arrangement as in Claim 1 wherein the main
-fuel supply system is a single injector system operating on petrol or LPG.

15 4. An auxiliary injector arrangement as in Claim 1 wherein the main
fuel supply system fuel for both the main fuel supply system and the auxiliary
_ injector is LPG, CNG or psetrol. '

5. -An auxiliary injector arrangement as in Claim 1 wherein the engine
is a dual fuel engine and is supplied with petrol and LPG and the auxiliary
20 injector is supplied with petrol or LPG.

6. An auxiliary injector arrangement as in Claim 1 wherein the
auxiliary injector is a liquid fuel injector.

7. An auxiliary injector arrangement as in Claim 1 wherein the
auxiliary injector is a gaseous fuel injector.

25 8. An auxiliary injector arrangement as in Claim 1 wherein the
auxiliary injector is a gaseous fuel injector and the source of gas is an
- vaporiser / mixer arrangement supplied with liquid fuel from the fuel tank.

9. An auxiliary injector arrangement as in Claim 1 wherein the
auxiliary injector is a gaseous fuel injector and the gaseous fuel is obtained
30 directly from a vapour space in the top of an LPG or LNG fuel tank.

10. An auxiliary injector arrarigement as in Claim 9 including a pressure
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det er ni ni ng tinmes when the nulti-point fuel

unlikely woosdsqPe Or is not del yMerdiTsiyAs | bgga fuel angtAbeRjosdr0

fuel into an inlet mani f ol d of thgpgnggne at @ p0| nt remfromthe

engine.- 30 This then generally tdeser-bes—tHve—FAventi on, but to assi st

wi t h understanding . the invention rgference w Il now be made to the
acconpanyi ng draw ngs whi ch show preferred enbodi nents of the,

i nvention. 95/ 354
e e 0367 regitBidrfon ESapolr sGppifineHo thethdiary mjectoVSD | f]flt o

ar rangentnt 11 acco Al et aTalgalfBRt kgt ﬁ?‘rfﬂgﬁ Gelfih the! et "

FIG 2 shows a dmbulihnpInjectpeatrangemnangmpmses|ame| mrcﬁwugtmfwdmnle@ory 5
injector of the present invention, .

L-on arrangenent is

12. An auxiliary injector arrangement as in Claim 1 including electronic
5 control means to provide for actuation of the auxiliary injector at required

times.

13. A method of operating a fuel supply system for an intemal

combustion engine comprising a main fuel supply system and an auxiliary fuel
supply arrangement including the steps of determining times when the main

10 fuel injection arrangement. is unlikely to be or is not delivering sufficient fuel
for efficient operation of the engine and injecting fuel into an inlet manifold of
the engine at a point remote from the engine by use of the auxiliary fuel supply
system including an auxiliary injector.

14. A method of operating a fuel supply system for an intemnal

15 combustion engine as in Claim 13 including the step of determining the
correct quantity of fuel for the auxiliary injector by determination of the
pressure or pressure and temperature of the fuel and using of suitable look -
up tables in an electronic controller for the engine.

(ARG AR i



"FI G 3 shows a single fuel injection arrangenent including an

auxiliary iQj of the present invention, _ FI G 4 shows
an alternai#%ﬁg%ﬁ%éf fuel injection arrangenent i ncluding PCTIAVIB0836T i ary
injector of the present invention, 10 FIG5 shows a single fue

I nj ection arrangenent. i ncluding an auxiliary injector of the present -
I nvention utilising a mxer - vaporiser, and FIG 6 shows a
single fuel injection arrangenent includidd3an auxiliary injector of
the present invention utilising vapour direct fromthe fuel tank. 15
BEST MODE FOR CARRYI NG OUT THE | NVENTI ON Now Iooging:hnre cl osely at

~the drawings and in particular FIG1 it will be STL

hat an engine 1
. shown schematically has an inlet manifold 2 whi { det |

individual inlet ducts 3, 4, 5 and 6,_one fo
"injectors 7, 8, 9 and 10 supply fuel ¥
~injector. The 20 fuel may be petro
froman el ectronic cont rlol Le

injectors as required. Al so

4Q X

auxiliary injector 13

\

\ | FIG 2
24 25 33 30
SUBSTITUTE SHEET (RULE 26)




25 froma supply line 16 which provides fuel to the fuel rail 11. The
auxiliary Lok ector 13 has a nozzle 14 directed into thge

Jqani fol d Z‘ﬁggﬁ?%g%1of t he throttle valve 12. The auxi?gg@§§?ﬁﬁgétor
13 is also actuated by the electronic controller. It wll be
noted that the position of the auxiliary injector 13 upstream of the 30
throttle valve 12 is somewhat renote fromthe engine 1 and therefore is not
SO subject to the very high heating_cgnditions which can occur on the
i ndi vi dual WO 95/ 35441 2/3 C

PCT/ AU95/ 00367 . . 20 7 inle 3,
4, 5 and 6. For this reason -eve3if el Hﬁ% vagDered In the injectors

7, 8, 9 and 10 and even in thera an still be provided
t hr ough the auxiliary 1Qj¢ctor \L3 to\enab S artina of the engine
i n hot conditions. Once e engi ne Has bden fstarté usi ng the :
auxiliary injector then sufficieNg : = | ed through the
injectors 7, 8 9 and 10 to cool em thé®__J®[ i njectorf can be
operated to purge gas fromthem a ' : ce : t he
main nulti-point injectors are op he guxiliary
I nj ector I s stopped. 21— 45

49— r

38 ~ r._

40 Y

55

FIG 4

SUBSTITUTE SHEET (RULE 26)



ﬁlG 2 shows a schematic arrangenent of a dual fuel engine operating on LPG
10 and petrol and using an auxiliary injector according to_this_invention.

The WOBPM20 has a inlet manifold 21 which is di vi dE&TAHGOPIE,
i ndi vi dual mani fol ds 22 each of which supply air to a cylinder in
this case a four cylinder engine. Injectors 23 supply fuel as
required to each individual inlet duct so . that it can get into

i ndi vi dual cylinders. During normal opera/dn on either LPG 15 or petrol
excess fuel is recirculated through an inlet fuel rg | 27, the injectors
23 and an outlet fuel rail 33 toazgminRgin dﬁbling3o 0the injectors 23. In

t he case - of LPG LPG pu, T/ he tank 25 through LPG
feed line 26 into the ifgef\ fuel\rail\27 a(ythrough each of the
injectors with the excess fuel passi ng thrqugh the o3kl et fuel rai

33 and the pressure regul ator 29 _ , LP& return line 28
to the LPG tank. Simlarly with p T D | punp 30

punps fuel through petrol feed lin : th i nl et
fuel rail 27 and through the injechLs-Qa anc-ouL_LHLzﬁbh t heJjout |l et fuel
rail 33 and through the petreh_refurniline 34 to tihe pgtrol tank 35.
A petrol pressure regul ator 39 infthe{rey®fn Leae |B4 cfpntrols the
pressure in the petrol 25 <circuit. et edd 1ihe6éd6 fromthe
main petrol feed line 31 suppliesemaéum lia Mjlect 37 in the
inlet mani fold 21 upstream of the thro lve Bg._A l'i ne

32 fromthe petrol feed line 36 to the p#roll retufn |ing 34 |upstream of

t he regul ator 39 controls the pregsur¢ in the auxillliar]y injector
feed line. 30 Fig 3 shows an arrange of & single fuel(&ggine
operating on a high ' 62

FIG 6

- 24 25
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Boi | i nb poi nt fuel such as petrol. ' In this draw ngﬁfv ré %9&9&7
reference nunerals are used as in Fig 2 for the co l:% 0 r‘{t )

“The high boiling fuel such as petrol is stored in a tank 40 and rkﬁ‘agg%h'tghleet

to 10  Thisigthe

auxiliary injector arrangement in a dual fuel supply systemfor an

I nternal conbustion engine, the dual fuél supply system rising a main
fuel supply systemto supply at |east one of the fuels us Nng a main |iquid
fuel i nj dsfrom LPG at adigher pressurattolpetiol ahailowet pressufethereds acent

each engi ne cyl | t is P4 .
system wher ei ##%g%rﬂﬁgttﬁﬁﬁhﬁgmgﬁg iffthe %ﬁ%ﬁmlﬂﬁ%ﬂ{’@&@g g%%urte Hg
i nl et mani f ol d stil tdoigheto admitspetealbub the kPG pressuteissiati paistriped besause of
air to each of |hhe EHLWHAPG %icnof ﬁ@dé‘i&q{di'ﬂi ¥ BABYSH tPPrevent vapolisdion éihe
auxiliary fuel suppﬁ‘y sgste,m I ncluding at | eSt one” | njector, for,one of
tpe fuel s nBunttbe fuel and again-gas rather ﬂ?ﬁrb'@qlx“ '?)§H9p||ﬂds§\r@'é9n h?e lﬂﬁ&gﬁ' eam
0}
It is the object of this invention to provide an arrangement by which an engine
can be started in what may be termed heat soak conditions and also to
provide arrangements where power can be maintained during changeover

from one fuel to another in a dual fuel system.
10 Dl E E INVENTI

In one form therefore the invention is said to reside in an auxiliary injector
arrangement in a dual fuel supply system for an internal combustion engine,
the dual fuel supply system comprising a main fuel supply system to supply at
least one of the fuels using a main liquid fuel injector or injectors into at least
15 an inlet manifold adjacent each engine cylinder of the engine, and an
auxiliary fuel supply system, wherein the inlet manifold includes a throttle
body and the inlet manifold is divided downstream of the throttle body to
supply air to each of the cylinders of the internal combustion engine, the
auxiliary fuel supply system including at least one injector for one of the fuels
20 mounted in or adjacent the throttie body upstream or downstream of a throttie
valve in the throttle body and adapted to supply fuel at times when the main
injector or injectors cannot supply sufficient fuel. |

Hence it will be seen by this invention that there is provided an auxiliary fuel
injector located in the main inlet air stream at a point some distance from the

25 engine block, where temperatures are not so harsh, as an altemative fuel
supply system. '

Because of its p6sitioning adjacent the throttle the auxiliary injector may be
called a throttle body injector. ' '

In one preferred embodiment the main fuel supply system may be a multi-

30 point fuel injection arrangemént and there may be individual injectors for each
cylinder operating on petrol, LNG, CNG or LPG. Alternatively the fuel supply
system may be a single injector system operating on petrol, LNG, CNG or
LPG. .
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10" a throttle valve in the throttle body and adapted to s% f'%iﬂéko 0 3 6
ti mes when the main injector or injectors cannot supp EAVED 417 MAR 19

fuel . 2. An auxiliary injector arrangenent as i Th@ is thelreplaspeent sheet
the main fuel supply systemis aaz[ﬁlti -point fuel injection
arrangenment and there are i ndi vi ddal injectors fornﬁgph cyl i nder

. operating on petrol and LPG as the dual 1 5 fuels. 3., An )
" auxiliary injecThe fuslfanbetithe raaini fuelcsupply systes: and the, auxiliary inigstonof this

i angement | as THePAF i) b 8 AREHie! venicle wiich miéy BEARG At tdlige o

arrangenment as 1n is a dual Ttuel” engine
and is suppli echerOfM%ptm{(fuﬁbG and the auxiliary injector 20 is
supplied with petrol. 5. An auxiliary injector arrangenment as in
Claim1 wherein the auxiliary injector is a liquid fuel injector.

6. An auxiliary injector arrangenent as in Claim1 wherein the auxiliary
i njector arrangenent conprises one to two top feed injectors. 25 7. An
auxiliary injector arrangenent as in Claim1l including electronic

control neans to provide for actuation of the auxiliary injector at
reguired tines.
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~—8—A net hod of operating a fuel supply system and an J , nal gc Uy H
engi ne conprising a main fuel supply system and an auﬁg&égeg é;
" systemincluding the steps of determning tines when [ uél I

systemis unlikely to be or is not delivering sufficjgot guement sheet
efficient operation of the engine and injecting fueﬁrﬁﬁbsomaéﬁ*eip?\l et manifold
of the engine at a point renoté fromthe engine by use of the auxiliary
fuel supply systemincluding an auxiliary injectpDatearrangenent as
defined i n gPedetermined timedhas elapsetithd tfotie body injecter tarlbesstppped andt em

dot er mi ni ngrinePaff PaRb! OXier pr L RS pBGrton vl S0 A7y Ty cctor

arrangenent_by determ nation of the pressure or pressure and '
t enper at ur é2wfing the pared dhat thei auxiliary injeetepmay be kuning mhiek may be up

el ectroni ¢ (R irites thére'mhy Hestihé foss of power due to the limited fuel delivery
5 through one injector. Two injectors may be used, however, to overcome any
power loss during that period.

The throttle body injector may only be used when a heat soak condition is
detected or in a dual fuel engine upon change over from a higher pressure
fuel to a lower pressure fuel. When an engine is cold or there is no heat soak

10  conditions cranking and running will be as normal with the main or multi-point
injectors.

The auxiliary injector may also be used to assist the changeover from a high
pressure fuel such as LPG to a lower pressure fuel such as petrol. During
changeover the auxiliary injector is running on petrol simuitaneously with the
15  multi-point injectors to bleed the vapour of LPG into the inlet manifold. The
electronic control unit may adjust the fuel injection in the throttle body injector
or auxiliary injector and the multi-point LPG injectors by monitorihg the
feedback from the exhaust oxygen sensor. Care is taken so that the purging
of LPG is done as quickly as possible by reducing the amount of fuel from the
20 throttle body injector and achieving a relatively fast changeover. During the
changeover period the pressure in the fuel rail is monitored continuously so
when the pressure drops close to the petrol pressure it will switch to petrol
multi-point injection and the throttie body injector will be switched off.

Hence in an altemative form the invention may be said to reside in a method

25 of operating a fuel supply system for an internal combustion engine
comprising a main fuel supply system and an auxiliary fuel supply system
including the steps of determining times when the main fuel supply system is
unlikely to be or is not delivering sufficient fuel for efficient operation of the
engine and injecting fuel into an inlet manifold of the engine at a point remote

30 fromthe engine by the use of the auxiliary fuel supply system which includes
an auxiliary injector as discussed above. '

This then generally describes the invention, but to assist with understanding
the invention reference will now be made to the accompanying drawings
which show preferred embodiments of the invention.

i
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1. An auxiliary injector arrangement in a dual fuel supply system for an
internal combustion é‘ngine, the dual fuel supply system comprising a main
fuel supply system to supply at least one of the fuels using a main liquid fuel
injector or injectors into at lest an inlet manifold adjacent each engine cylinder

5 of the engine, and an auxiliary fuel supply system, wherein the inlet manifold

includes a throttle body and the inlet manifold is divided downstream of the
throttle body to supply air to each of the cylinders of the internal combustion
engine, the auxiliary fuel supply system including at lest one injector for one of
the fuels mounted in or adjacent the throttle body upstream or downstream of

10 a throttle valve in the throttle body and adapted to supply fuel at times when
the main injector or injectors cannot supply sufficient fuel.

2.  An auxiliary injector arrangement as in Claim 1 wherein the main fuel
~ supply system is a multi-point fuel injection arrangement and there are
individual injectors for each cylinder operating on petrol and LPG as the dual
15 fuels.

3.  An auxiliary injector arrangement as in Claim 1 wherein the fuel supply
for the auxiliary injector is petrol.

4.  An auxiliary injector arrangement as in Claim 1 wherein the engine is a
dual fuel engine and is supplied with petrol and LPG and the auxiliary injector
20 is supplied with petrol.

5.  An auxiliary injector arrangement as in Claim 1 wherein the auxiliary
injector is a liquid fuel injector.

6. An auxiliary injector arrangement as in Claim 1 wherein the auxiliary
injector arrangement comprises one to two top feed injectors.

25 7. An auxiliary injector arfangement as in Claim 1 including electronic
control means to provide for actuation of the auxiliary injector at required
times.

8. A method of operating a fuel supply system and an internal combustion
engine comprising a main fuel supply system and an auxiliary fuel supply

0 system including the steps of determining times when the main fuel supply
system is unlikely to be or is not delivering sufficient fuel for
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“at Ieast one inlet manifold wherein the inlet man fOPCI'/AU 9 % / 0 03 6 !
[ i i i i

throttle ﬂﬂl"ll“l&l“l ﬂlj m fold is divided domstrea.ng&‘é]ﬁﬁéﬁait MAR 1336
to supply alr i nder of the internal dmmssmednpmgmeat shert
auxiliary inj ect or arrangenent inghuding at |east one injector for

the fuel nmounted in the inlet mani f ol d upstrea éﬁar downstream of the .
throttle and agqﬁtedto supply fuel at tlme? emalnftia

suppl y system ceffiglent Qggﬁhpnﬁffthﬁéf@ﬂe apd injecting fysl into an iRletimanifeld af the
injector arr ang&GIng ata pdlnﬁe?h@te]frdrhfthé'éhgiﬁ@byfﬁsé of the aukiliaty fuebsupply

systemis a nul ti-point fuel injection.arrangenent and t
i ndi vi dual i nj eﬂség ingluding: (%P?d'ﬁ@éf" jecior é?fﬁﬁgem?“&éﬁ %‘?'"BF 'EEE'P"“ 1.
3 An auxiliary |njector arrangenent as in Claim1 wherein the nain

fuel supply sysgem 'IASm%tﬁéd"B# sgéfanﬁgté)fue?\éagﬁm férﬁg;ﬁan et betnuarsubRG

15 4, An auxi 1 N ec alm 1 whereln

mai n Buel ergipp(as l@ﬁ'ﬂlﬂh& ineluding “'lﬁ)?‘#ptqf etarmining.the-eaiFac %@gf'yn?fand
the ?UXI liary ftuel for'tﬁb%i}xﬂfa fjéctor atiing émmbycdeterTlRatlon of the press&re or
auxiliary injector arra erein a
dual fuel engi nfeSsHre gn&&m f?guﬁ ?W%?Zfl”g]ﬁ"éhrlﬁ'q_% %Hﬁﬂbiﬁlg’%%? I"qbfi?fl "26"
injector is supglectrdniol dontrotier for the drigine. An auxiliary
injector arrangenent as in Claim1l wherein the auxiliary injector is

a liquid fuel injector.
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UX|I|ary injector is a gaseous fuel injector. 25 8. _

iknj ector arrarp t as in worab MTELLETeKICHROPERTWOORGANIZATONX] | | ar y
gaseous fuel injector and the sour cé™Fru Ry an vaporiser / nixer_
ar r ang e INFERNATIQNAD A RELIGATION RUBLISHED UNDER{ THE PABENT GORPERATION TREATY (BEFT)

auxi. | 515\ in¥ertatibnai Patiht cRisGRRRMIEBENT as 1jn C ?lltl n&m@%ﬂ f“tﬂgﬂeN auxi d63§(§,35441 e

i nj gcto us fuel injector € gaseous 'S obtalne
di rectl?#ﬁ&?ﬁog’ g&our space in the ?‘3 (ﬂflnﬁﬂado%?ﬁwdﬁl}.lﬁ)&uelzsbaﬂkber1995(281295)
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(57) Abstract

An auxiliary injector arrangement in a fuel supply system for an internal combustion engine. (1). The auxiliary injector arrangement
includes at least one mjector (13) mounted in the inlet manifold (2) upstream or downstream of the throttle (12) and adapted to supply fuel
at times when the main fuel supply system cannot supply sufficient fuel. The main fuel supply system and the anxllxary injector (13) may
be operated on LPG, natural gas or petrol. The auxiliary injector (13) may be a liquid fuel injector or a gaseous fuel injector.




12. An auxiliary injector arrangenent as in Caim1 including
electronic "5 control neans to provide for actuation of the auxiliary

i njector at required times. 13. A nmet hod of operating a
fuel supply systemfor an internal conmbusti on engi ne conprising a
mai n fuel supply systemand an auxiliary fuel suppl y - arr angenent

i ncluding.the steps of determining tines when the main 10- fuel injection
arrangenment is unlikely to be or is not delivering sufficient fuel

for efficient operation of the engine and injecting fuel into an inlet
mani f ol d of the engine at a point renote fromthe engi ne by use of
the auxiliary fuel supply systemincluding an auxiliary injector.

14. A nethod of operating a fuel supply systemfor an internal 15
conbustion engine as in Caim13 including the step of determ ni-ng the
correct quantity of fuel for the auxiliary injector by determ nation of the
pressure or pressure and tenperature of the fuel and using of suitable | ook
- up tables in an electronic controller for the engine.
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