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(57) Abstract

A fuel injection system for injecting liquid LPG or CNG into an air inlet duct (2) of an internal combustion engine. The fuel injection
system including an adaptor ring (10) which is adapted to be mounted into the air intake duct (2) for the engine upstream or downstream
of the throttle valve (3) in the inlet duct (2) so as to allow air fiow through. There is at least one pod (i11) mounted into the adaptor
ring (10) with each pod (11) including a fuel inlet, a fuel outlet and a holfow space within the pod (11) into which the fuel inlet and fuel
outlet open and a liquid fuel injector (20) mounted into the or each pod (11). Fuel enters the injector (20) from the hollow space within
ﬂwpod(ll)mbemiemdthuaﬁmninmmemletma) An injector control arrangement acting upon engine parameters and demand

controls the or each injector (20) to inject liquid foel into the engine as required. Bachofﬂwhpcma())maybebouomﬂeed
How-through injectors (20).




region of the engine can get very hot and as such even with excess flow of

fuel there can be a problemw th vaporisation of fuel. It is desirable
thérefore that easily vaporisable fuels are injected sonme distance
away from t-he i It is an object of this invention M a
f uel inj.ection’&@%for such fuels 20 and in one particul ar&gﬁﬁf ﬁt
to nodify an internal conbustion engine fuelling system adapted to
operate on injected petrol so that it can al so operate on LPG or CNG
l'iquid injection. The invention, however, is not particularly
directed to this adaptation but is generally directed to a nodified
fuel injection syriM FUBE INBECTIOWESERER! ON OF THE | NVENTI ON In one
formtherefore the invention is said to reside in a fuel injection system

for injecting liquid LPGor CNGinto an air inlet duct of an internal
combusti on EIRHDOF INVENTION i nj ecti on system i ncl udi ng an adaptor ring
which is adapted to WO 96/ 35863 .
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into the air int B8 ‘BW'WJP‘#%“&WJB@W&P&F "MA‘&?'H‘H%%‘F‘%WP t he
throttl e val \B icombustion engioe and snoreparticudayto injaction ofva iowe botlingopajnt  at
| east liquid into such engines.

The invention is particularly directed towards the injection of Liquefied
Petroleum Gas (LPG) or Compressed Natural Gas (CNG) into internal
combustion engines.

"10 BACKGROUND OF THE INVENTION

A problem with such fuels when used in a liquid state is that because of their
very low boiling point they will tend to vaporise in fuel lines unless a sufficient
pressure over the vapour pressure at any expected temperature is provided.

" In Australian Patent No. 647561 a fuel injection system is disclosed in which
15 liquid LPG is injected into an inlet manifold adjacent to the engine. This
region of the engine can get very hot and as such even with excess flow of
fuel there can be a problem with vaporisation of fuel. It is desirable therefore
that easily vaporisable fuels are injected some distance away from the engine.

It is an object of this invention to provide a fuel injection system for such fuels

20 and in one particular embodiment to modify an internal combustion engine
fuelling system adapted to bperate on injected petrol so that it can also
operate on LPG or CNG liquid injection.

" The invention, howaver, is not particularly directed to this adaptation but is
generally directed to a modified fuel injection system.

25 BRIEF DESCRIPTION OF THE INVENTION
in one form therefore the invention is said to reside in a fuel injection system

for injecting liquid LPG or CNG into an air inlet duct of an intemal combustion
engine, the fuel injection system including an adaptor ring which is adapted to



one pod nounted into the adaptor ring, each pod including a fuel inlet, a
fuel - outlet and a hollow space within the pod into which the fuel
intet and fuel 5 outlet open and a liquid fuel injector seal ably nounted

into the or..eachggz liquid fuel supply lines to the pod and from
the pod .and meWRA8Y| | ow fuel to enter the injector fFOHAPIN®02| | ow
space within the pod to be injected therefrom into the inlet duct and
an injector control arrangenent acting upon engi ne paranmeters and .
demand parameters to control. the of each®injector to inject 10 liquid fuel
et e MM e o gl 0 S i Mg
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sinplicity of ins atlon a systemwhere it is not necessary
to nodify the inl et mani fold to any great extent nor touch other
i njectors such a$wibbe nbtedthatindhis embodimentdhe $PiGhgr ONG isdnja@eddntgithe. | t
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either before or a Y
engine. Th(s as two partrcu ar advantages.

First of all the region of injection is not such a hot part of the engine

15 compartment as the engine block so that the injectors and the fuel lines can
be placed further away from the engine and therefore do not get so much
heating and avoid the heat soak conditions which may cause vaporisation.

A second advantage is that by injecting the fuel some distance from the

engine and allowing it to flow past the throttle valve along the inlet manifolds
20 to the various inlet valves of the engine a greater time is allowed for full

vaporisation of the fuel which in tum will allow better combustion.

A third advantage is that there is considerable simplicity of installation of such
a system where it is not necessary to modify the inlet manifold to any great
extent nor touch other injectors such as petrol injectors already existing on the

25 engine. It is only necessary to mount the adaptor ring into the air intake duct
either before or after the throttie valve. '

it will be noted that such a system-can be fitted to an engine at the time of
manufacture or may be fitted later.

The or each pod may comprise a body having a top, a bottom, at least one
30 side and an aperture extending through the body from the top to the bottom,

the fuel inlet and the fuel outlet being on the side of the pod and the aperture

defining the hollow space within the pod into which the fuel inlet and fuel



It wll be noted that such a systemcan be fitted to an engine at the tine
of * manufacture or may be fitted | ater. The or each pod may
conprise a body having a top, a bottom at |east one 30 side and an

aperture exten ough the body fromthe top to the botto
fuel inlet and%ﬂg"#% outl et being on the side of the pod a%ﬁgﬁ'&’%

aperture defining the holl ow space within the pod into which the fuel
inlet and fuel WD 96/ 35863 3
PCF/ AU96/ 00271 3 out | et open,

the opening of tlbznﬂéﬂepémrtﬁeapemhgofme #partwelaametoptumg farger than thepeni ng

of the aperture

nmedns to enable t 3‘1@%‘1&%@@&%*3@9 %BR{% Swﬂ‘ @?@mb&“‘m‘?ﬂ
connecti on means m%anm@b?@blm@emtﬂ&moﬁﬂmléwﬁ'ﬁtaﬁai’mﬂalaptor ring 5
conprises a screw threaded extension of the body. The injector may be

Saracent tnetop HeSbeblih Eﬁ%E%ﬁ%@aih%oﬁ’t#héqﬁedngeadcmsﬁ?ﬁg%ﬁﬁfb@bms
nmay be bott onPf e @@Mpiises amorew threaded extiensiopief the bodyyj ect ors. These have -
the particul ar advantage that wth the use of an excess

The injector may be sealably engaged within the body by means of O rings in
the aperture adjacent the top and bottom of the body.

The or each of the injectors may be boitom feed injectors and flow-through
injectors. These have the particular advantage that with the use of an excess
10 flow of fuel around the lower part of the injector it may be maintained at a
' temperature at which vaporisation wilt not occur

In one preferred embodiment of the invention the engine may be a dual fuel
engine with a separate petro} injection system having its own injectors and
fuel rail system and its own electronic control unit acting upon engine

15 parameters and demand parameters to calculate petrol injection times and the
LPG or CNG injection system having a separate electronic control unit which
uses the same engine parameters and demand parameters to calculate LPG
or CNG injection times. Alternatively the LPG or CNG injection system may
use the same electronic control unit which is used by the petrol or other fuel

20  injection system.

In one form of the invention the LPG or CNG may be operated at a fixed
pressure sufficiently higher above the expected vapour pressure of the gas at
any expected temperature in the engine system that it does not vaporise until
it has been injected. This system however has disadvantages in that a high

25 pressure pump is required to operate it which is energetically unfavourable.

In an alternative embodiment the LPG or CNG may be operated at a selected -

’ fixed pressure above the vapour pressure of the fuel in a fuel tank. The
selected fixed pressure may be selected for rise in temperature between the
“ temperature in the tank and any expected temperature in the fuel lines or

30 injectors so that once again the LPG or CNG does not vaporise until required.

The control of the LPG injector therefore includes a parameter to determine



10 flow of fuel around the | ower part of the injector it may be nmaintained
at a - tenperature at which vaporisatlon wll not occur In one
preferred enbodi nent of .the invention the engine may be a dual fuel

engine with--a separate petrol injection systemhaving its own_injectors and
fuel rail syst ¥R} s own el ectronic control unit acting uﬁm 115
paraneters and demand paraneters to calculate petrol injection tines and

t he LPG or CNG injection system havijijg a separate el ectroni c control
uni-t which uses the sanme engi ne paraneters and demand paraneters to
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type of fuel on any one ring.
Under certain conditions there may be some problem with icing up of injectors
using CNG or LPG and hence under these conditions some form of heating
may be required. Such heating may be provided by electrical heating coils or
15 by a suitable flow of engine coolant around the pods. '
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.
BRIEF DESCRIPTION OF THE DRAWINGS
20 In the drawings

FIG 1 shows a stylised engine fuel injection and control system of one
embodiment of the present invention;

FIG 2 shows a part cut away view of an inlet manifold including an adaptor
ring of one embodiment of the present invention;

25 FIG 3 shows a cross sectional view of an injector pod of one embodiment of
the present invention;

FIG 4 shows an outside view of the injection pod of FIG 3; and

FIG 5 shows a detailed view of a pair of injector pods and an adaptor ring and
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pressure of the fuel to nodify the injection tine. Preferably also t he
tenperature-of _the fuel is heasured so that a better allowance is nmade for
change of denswﬁﬁfa‘garl ous tenperatures. Lt will h HWPHR71 e
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series or in pargsdsatédpipy wabmaimﬂwmmséﬂrmvaﬁwﬂce nmounted a
nunber onto one adaptor ring through which intake air flows to inject into

the inlet mani fold upstream or downstream of the throttle valve. There
may be 10 nore DEIAILERD IBTION QF THE DBAWINGS i nj ectors control ling
nore than one type of fuel "on any one ring. Under certain

NG o LPG and. nuAookg fere Blesdy AR b bRl fue i Bartichlar E1G! Tt wit be 5, 0

be required. SucSeeretbattlrg enginend hasa@an inled mgnifelde&whio!:aakasainfmmmengim 15

by a suitabl g B W{Eﬁv&%ﬁ%dﬁé&%‘bﬁ)ﬂﬁ Héarrowza H"gﬂsthe”
ogimen

general |y descrl venti,on,but t SSI'S un t he
HANGRION% 6 AP NIBH I APTIEIS FaRtog oF petrol

i nvention ref ere
whi ch show pr ef einjestion alibolighcas ﬂlsuﬁssetbabweeﬂits ipvention may be applied to non

fuel injection engines such as carburettor operated engines. The normal fuel
supply system for the engine includes a petrol fuel rail 4, petrol fuel injectors 5

10 and an electronic control unit 6 to calculate petrol injection times from engine
control and demand parameter lines 7. Such conirol and demand parameters
may be air and engine temperature, running conditions such as engine
speed, acceleration, manifold pressure and exhaust temperature and oxygen
concentration.

15 To add LPG injection according to the present invention to such a system
there is included an adaptor ring 10 which is placed as a portion of the inlet
manifold in this embodiment upstream of the throttle valve 3. A required
number of fuel injection pods 11 are mounted into the adaptor ring 10. In this
embodiment the pods are fed liquid LPG in parallel from an LPG tank 12 via a

20 solenoid valve 24. The LPG is pumped up to a fixed pressure above the
vapour pressure of the fuel in the tank 12 by a pump 13 and then transferred
along L.PG inlet valve 14 to each pod 11. An LPG retum rail 15 takes fuel from
each pod 11 via a LPG pressure regulator 16 and back to the LPG tank 12, A
considerable excess flow of LPG over that required for injection.is provided to

25 maintain cooling of the pods 11 and hence the injectors 20 within the pods.
The injectors 20 in each pod 11 are controlied by means of a LPG electronic
control unit 21 by control lines 24. This LPG electronic control unit 21 takes an
input from the same engine demand perimeter lines as used by the petrol
electronic control unit 6. The LPG electronic control unit has a further

? 30 parameter which takes a reading from a pressure sensor 22 which reads the
absolute pressure in the LPG inlet rail 14.

To operate the auxiliary fuel injection system of this embodiment of the
present invention using LPG or CNG the electronic control unit 6 which
controls the petrol injector is deactivated and the electronic control unit 21 is
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BRI EF DESCRI PTION OF THE DRAWNGS 20 In the draw ngs FIG 1 shows a
stylised engine fuel injection and control system of one enbodi nent of
the present invention; FIG 2 shows -a part cut away view of an inlet
mani f ol d i ncl udi ng an adapt or . ring of one enbodi ment of the present
invention; 25%¢ hows a cross sectional view of an inject ‘ﬁ@ﬂ“ one
enbodi nent of the present invention; FI G 4 shows an outside view
of the injection pod of FIG 3; and IG5 shows a detailed view of a
pai'r of injector pods and an adaptor rindg and

PCT/ US9 6]{ 00271  gactivated. The electronic control unit 21 activates the véive $5|to JH6W Higaed
BESCR P N OF THECHRTRCiuel Aow B0 L ebrElG Blime, 13 to velfe. fle e 67 GG, o
and in parti cul artothe3etuired préssupe The selected pressure is maintained above the

vapour pressure in the tank by means of the LPG regulator 16. When

5 operation with the auxiliary fuel is required fuel injection through the injectors

5 is stopped and the slectronic control unit 21 activates the valve 25 the pump

13 and the injectors 20 in the pods 11 to inject LPG or CNG at a position

remote from the engine adjacent the throttle valve 3.

FIG's 3 and 4 shows view of a pod of the fuel injection system according to
10 one embodiment of the present invention. The pod 30 has an injector 31
mounted into it with a retaining plate 40 holding the injector in place and with
O rings 34 at the top of the injector and 35 at the bottom of the injector
providing pressure sealing for the injector within the pod. The pod 30 has an
LPG fuel inlet 32-and an LPG fuel outlet 33 and enough space within the pod
15 around the injector 31 to enable a flow of LPG or CNG around the injector to
keep the injector cool and to prevent vaporisation of fuel within the injector or
within the pod. The liquid CNG or LPG actually enters the injectors 31 from
the space 39 within the pod 30 through the openings 38 low down on the
injector. Hence this style of injector is referred to as a bottom feed injector and
20 as liquid fuel can flow through and past the injector it is know as a flow
through injector. A thread 36 on the lower end of the pod enables it to be
screwed into the adaptor ring 10 as shown in FIG 1 and FIG 2 and the tip of
the injector 41 extends out through the aperture to enable fuel injection. An
electronic control line 37 provides an activation signal for the electromagnetic
25 operation of the injector 31 to inject fuel.

FIG 5 shows and altemnative embodiment of fuel injection according to this
invention. Those parts with the same function as in the embodiment shown in
FIG 1 has been given the same reference numerals. Fuel is supplied via pipe
14 from a fuel tank (not shown) to a solenoid valve 24 which is opened when

30 LPG or CNG injection is required fuel then flows through pressure sensor 22
before flowing through fuel line 50 to a first injector pod 11. Excess flow from
the first injection passes along fuel injection line 51 to a second injection pod
11 and excess flow beyond that flows through line 15 back to the fuel tank via
the pressure regulator (not shown). '

35 The construction and operation of each of the injector pods 11 is the same as



seen that the engine 1 has an inlet manifold 2 which takes air fromthe
engine 5 past a throttle valve 3 in the direction shown by the arrow 23.
In"this enbodi ment the engine is one of a type which is nornally
adapted for-pe i njection although as di scussed above this

i nvention may E@géﬁﬁ?ﬁ%d to non fuel i1njection engines suthVAU96/00271
carburettor operated engines. The nornmal fuel supply systemfor the
engi ne includes a petrol fuel rail 4, petgol fuel injectors 5 10 and an
el ectronic control unit 6 to calculate petrol injection tinmes from engine
control and denmanHapshcwreasd dbsdiibed withespestadFIQls 3afd demand paranmeters
may be air and engine tenperature, running conditions such as engine
speed, acceleration, manifold pressure and exhaust tenperature and oxygen
concentration. Jbwicbegeen that by thig inventior thareiisishown aifuelinjection systemnt i on
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mount ed i nt o Bhe reprastucible injectioh. I n this embodi ment the pods are fed
liquid LPGin parallel froman LPG tank 12 via a 20 solenoid valve 25. The

LPG is punped up.to a fixed pressure abgve the vapour, pressure of the
fuel in the tank W'%“ﬁﬂﬁﬁpﬂé%“tqﬁg?ﬁsﬁ‘ﬁwm é%ﬂ"“%s Oihé)r% thewards et
val ve 14 to each 'quprse’ aAd ‘inelBdetand wariafidnslsuchede Sompeising’ and ‘includirggich
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t hat ﬁ
provi ded to 25 "?fﬁgﬁ{sgt?vgﬁ?’ﬁ’b qumaﬁw{ﬁ@%ﬁmq&gm{p efatagerect ors 20

consi der abl e excess fl on'is

wi thin the pods. The injectors 20 in each pod 11 are controlled by
means of a LPG electronic control unit 21 by control lines 24. This
LPG el ectronic control unit 21 takes an i nput fromthe sanme engine
dermand perineter |lines as used by the petrol el ectronic control unit
6. The LPG el ectronic control unit has a further 30 paranmeter which takes

a reading froma pressure sensor 22 which reads the absol ute pressure
inthe LPGinlet rail 14.- ) . :



To operate the auxiliary fuel i hi s enbodi ment of the

present invention using LPG or ronic control unit 6 which
controls the petrol injector mﬂ W"WH ,he el ectronic control unit
21 is .. WD 96/ 35863
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The el ectronic control unit 21 activates the valve 25 to allow |liquid
LPG or CNG fuel flow and the LPG or CNG gunp 13 to raise the LPG or CNG
to the required pressure. The sel ected pressure i$ nmai ntai ned above the
vapour pressure in the tank by neans of the LPG regulator 16. Wen 5
operation with téﬁﬁguéiliary fuel is required fuel injection through the
i mj ectors t opped and the electronic control unit 21 activates
the valve 25 the punp - 13 and the injectors 20 in the pods 11 to

'tEJ eﬂl LPG or CNE at a Rﬂﬁl é&ﬁon niﬁii‘%écﬁrf ideP@ray CNGadiccaralr t he
rottle val ve an
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the injector an
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inlet 32 and an é4&h pod inciudingea fues inlet] adueloptiet pad 8 hollowi spaceavithia the pod

into which the fuel inlet and fuel outlet open and a liquid fuel injector sealably
mounted into the or each pod, liquid fuel supply fines to the pod and from the
10 pod and means to allow fuel to enter the injector from the hollow space within
the pod to be injected therefrom into the inlet duct and an injector control
arrangement acting upon engine parameters and demand paramsters to
control the or each injector to inject liquid fuel into the engine as required.

2 A fuel injection system as in Claim 1 wherein the or each pod

15 comprises a body having a top, a bottom, at least one side and an aperture
extending through the body from the top to the bottom, the fuel inlet and the
fuel outlet being on the side of the pod and the aperture defining the hollow
space within the pod into which the fuel inlet and fuel outlet open, the opening
of the aperture at the top being larger than the opening of the aperture at the

20 bottom and the bottom including connection means to enable the pod to be
mounted into the adaptor ring.

3. A fuél injection system as in Claim 2 wherein the connection means
to enable the pod to be mounted into the adaptor ring comprises a screw
threaded extension of the body.

25 4. A fuel injection system as in Claim 2 wherein the injector is sealably
engaged within the body by means of O rings in the aperture. adjacent the top
and bottom of the body.

5. A fue! injection system as in Claim 1 wherein the or each of the
injectors are bottom feed injectors.

30 6. A fuel injection system as in Claim 1 wherein the or each of the
injectors are flow-through injectors.
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30 LPG or CNG %lndf-' nﬁh ired fuel then flows through pressure
sensor ore ow ng t roughfuel line 50 to a first injector pod
11. Excess flow from the first injection passes along fuel injection
line 51 to a segond i nAda¢liinjectiorsystem aglin &isinet sdwsein thevebgineisiatdual f | ows
through 11 he 15napGriaihg vifta %agé,g&@g&af iffection sjdiSnHeEAR LM HipAbR! (1"

shown). 35  Th ti,on o | nhe tor pods 11
i s the samel@s and fuel rail system and an electronic control untt actmg upon engine
parameters and demand parameters to calculate both petrol injection times

and LPG or CNG injection times.

15 around the injector 31 to enabl e a|w m PG or CNG around the

9. A fusl injection system as in Claim 1 wherein the LPG or CNG is
operated at a fixed pressure sufficiently higher above the expected vapour

15 pressure of the gas at any expected temperature in the engine system that it
does not vaporise until it has been injected.

10.  Afuel injection system as in Claim 1 wherain the LPG or CNG is
operated at a selected fixed pressure above the vapour pressure of the fuel in
a fuel tank.

20 11, A fuel injection system as in Claim 1, the or each pod including
heating means to prevent icing of the injector or injectors.
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PCT/ AU96/ 00271 : 7 t hat shown and
described with respect to FIGs 3 and 4. It will be seen that by this
i nvention there is shown a fuel injection system whi ch by injection of

a hi gh vapour WPf8EM6E f yel sone distance fromthe engi nePEHARPAW2T o
fuel to be maintained in a liquid stat%ﬁjor accurate and 5 r epr oduci bl e.
i nj ection. Thr oughout this spgcifizﬁicwlunless the context requires

ot rerwi se, the words "conprise’ and 'include' and variations such as
‘conprising' and 'including' wi |l be understood to i/ply the inclusion
of a stated integer or group of I ntegers but not t excl usi on of any
ot her integer or group of integergq. /
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CLAI M5 1. A fuel injection systemfor injecting liquid LPG or CNG
into ‘an air inlet duct of an internal conbustion engine, the fuel

i njecticon system including an adaptor ring which is adapted to be
nounted int-e the air intake duct for the 5 engine upstream or downstream
of the thrott WOPBIM3in the inlet duct so as to al | ow aPFTADYgIPO271

t heret hrough, at |east one pod nounted %550 t he adaptor ring, each pod
including a fuel inlet, a fuel outlet affd”a holl ow space within the pod

i nt'o which the fuel inlet and fuel outlet open and a liquid fuel injector

seal ably mounted into the or each pod, liquid fuel supply lines to the
pod and fromthe 10 pod and neans to all fuel to enter the injector from
t he hol | ow space within the pod to be\y njected therefrominto the
inlet duct and an injector control ar nan 7 acting upon engine
parangters and denand parameters to C rol the or each injector to
inject liquid fuel into the engine as requitled. 2. A fue
injection systemas in Caim1l wherein the each pod 15 conprises a body
having a top, a bottom at |east side apd an &dert 40e 33 ext endi ng
t hrough the body fromthe tog,to theN\pottonggNt he/tuel i/nlef and the
fuel outlet being on the sidg of t d a thg apgetlire /defining the
hol | ow space within the Yod R ; &/ ef and fuel outlet
open, the opening of the l/ar ger than the
openi ng of the apert t omand th T
connection neanslzf:%nabld t) € no[n h¢ ada
ring. 3. fuel jin } ygtemas in re¢int
connecti on neans na ~re=Trpu tor ring
conprises a screw t hrea ifia . A fuel
injection systemas in Caim?2 e in| se%bably
39 38 36
% FIG 3
1 _
37
32 40 33
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engaged within the body by neans of Orings in the aperture adjacent the
top ° and bottom of the body. 5. A fuel injection systemas in
Claim 1 wherein the or each of the i'njectors are bottom feed
injectors. --30_ 6. A fuel injection systemas in Claim1l_wherein the
or each.of thewogm‘?nj ectors are flowthrough injectors. PCY/AUISARp/1

96/ 35863 3/3 PCT/ AU96/ 00271
9 7. A fuel injection systemas in Claiml1l wherein the engine is a
duad fuel engine with a sepgyrate petrol injection systemhaving its
owt i njectors and fuel rail \systemand its own el ectronic control unit
acting upon engi ne paraneters and demgnd pafanefers to cal cul ate
petrol injection tinmes and the § i nj g&&1Bn system having a

separate el ectronic control un
and demand paraneters to cal culfate CNG i njection times.
8. A fuel injection systeng&aH n the engine is a dua

fuel engine with a separate petpf=i == n having Its own
injecsors 10 and fuel rail control unit acting

upon engi ne ‘
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Ay
paranmeters and denmand paraneters to cal cﬁl ate bot h petrol |nJ ectlon ngE1
and:LPG or CNG i njection tines. KRR RS - A fuel ihEection: :stﬂstem as S
Claim1 wherein the LPGor CNGis’ operated at a fixed pressure
sufficiently higher above the expect ed v%)our 15 pressure of the gas at any
expected tenperature in the engine syster®that it does not vaporise

Glai m 1 uhor ei n SEARCEBR BiPingef pne ehbogimiont g prESeutify i 23 1"

pressure above the vapour pressure of the fuel in a fuel tank 20

11. A fuel i HeEAILED g‘gg@mmdmdﬁ THE BRAVINGS each pod incl udi ng

heating nmeans to prevent icing of e injector or Injectors.
Now looking more closely at the drawings and in partlcular FIG 1 it will be
seen that the engine 1 has an inlet manifold 2 which takes air from the engine

5 past a throttle valve 3 in the direction shown by the arrow 23. In this
embodiment the engine is one of a type which is normally adapted for petrol
injection although as discussed above this invention may be applied to non'
fuel injection engines such as carburettor operated engines. The normal fuel
supply system for the engine includes a petrol fuel rail 4, petrol fuel injectors 5
- 10 and an electronic control unit 6 to calculate petrol injection times from engine

control and demand parameter lines 7. Such control and demand parameters
may be air and engine temperature, running conditions such as engine
speed, acceleration, manifold pressure and exhaust temperature and oxygen
concentration. . '

15 - To add LPG injection according to the present invention to such a system
there is included an adaptor ring 10 which is placed as a portion of the inlet
manifold in this embodiment upstream of the throttle valve 3. A required
number of fuel injection pods 11 are mounted into the adaptor ring 10. In thls
embodiment the pods are fed liquid LPG in parallel from an LPG tank 12 via a

20 solenoid valve 25. The LPG is pumped up to a fixed pressure above the
vapour pressure of the fuel in the tank 12 by a pump 13 and then transferred
along LPG inlet valve 14 to each pod 11. An LPG return rail 15 takes fuel from
each pod 11 via a LPG pressure regulator 16 and back to the LPG tank 12. A
considerable excess flow of LPG over that required for injection is provided to

25 maintain cooling of the pods 11 and hence the injectors 20 within the pods.
The injectors 20 in each pod 11 are controlled by means of a LPG electronic
control unit 21 by control lines 24. This LPG electronic control unit 21 takes an
input from the same engine demand perimeter lines as used by the petrol
electronic control unit 6. The LPG electronic control unit has a further

30 parameter which takes a reading from a pressure sensor 22 which reads the
absolute pressure in the LPG inlet rail 14.

To operate the auxiliary fuel injection system of this embodiment of the
present invention using LPG or CNG the electronic control unit 6 which
controls the petrol injector is deactivated and the electronic control unit 21 is

- .
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