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(&) ABSTRACT

A fuel vapor handling system for a dual fluid fuel injection
system, including: a fuel supply apparatus and a gas supply
apparatus for respectively supplying liquid fuel and gas-
vapor mixture to at least one delivery injector of the dual
fluid fuel injection system, the fuel supply apparatus includ-
ing a fuel pump; and a fuel vapor control device providing
a fluid communication between the fuel supply apparatus
downstream of the fuel pump and the gas supply apparatus
to allow fuel vapor present within the fuel supply apparatus
to pass to the gas supply apparatus for subsequent delivery
by the at least one delivery injector. The fuel vapor device
preferably allows the pressure of the liquid fuel supplied to
the at least one delivery injector to be substantially equalized
with the pressure of the gas supplied to the delivery injector.

26 Claims, 6 Drawing Sheets
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1
FUEL VAPOR HANDLING SYSTEM

The present invention generally relates to fuelling control
systems for internal combustion engines, and in particular to
fuel vapour handling systems for fuel injection systems. The
invention is applicable for use in marine outboard engines,
and will in the main, be described in respect of such engines
in this application. It should however be appreciated that the
present invention is also applicable for engines used in other
applications.

Marine outboard engines that are designed to comply
with, for example, U.S. Coast Guard regulations, conven-
tionally utilise fuel recirculation under the cowl of the
engine. This is primarily because safety regulations prohibit
the recirculation of fuel to a fuel tank located outside the
engine. It is therefore normally necessary to include under
the cowl of the engine a fuel reservoir from which a fuel
pump draws fuel and to which excess fuel can be returned.
Further, because the fuel being recirculated under the cowl
typically becomes heated, in part by the pumping action of
the fuel pump, a water cooled heat exchanger is typically
required to keep the fuel temperature relatively low thereby
minimising the generation of fuel vapour.

Nevertheless, and will be expanded upon, hereinafter, the
fuel recirculation process still typically generates some fuel
vapour which generally accumulates within the fuel reser-
voir. This fuel vapour can be handled in numerous different
ways and can for example be vented to the inlet manifold of
the outboard engine or simply exhausted into the atmo-
sphere. The pumping and subsequent recirculation of fuel
also results in a significant waste of power from running the
fuel pump. It would therefore be advantageous to avoid the
need to recirculate fuel under the cowl of a marine outboard
engine and hence avoid certain undesirable requirements
that this imposes, namely, the need for a water cooled heat
exchanger, vapour separator and other such fuel vapour
handing/minimising devices, which may be bulky, heavy
and costly items. The resultant waste of power associated
with running a fuel pump while fuel is being recirculated
would also be advantageously avoided. However, whilst it is
desirable to avoid the above aspects, such engines are still
required to comprise some form of vapour handling
capability, such that any vapour that is generated and present
in the fuel system can be satisfactorily handled.

The Applicant has developed various air-assisted fuel
injection systems, also known as “dual fluid fuel injection
systems”, for use in internal combustion engines. These
systems utilise air to entrain and inject a metered quantity of
fuel directly into a combustion chamber of an engine. In the
Applicant’s U.S. Pat. No. 4,934,329, the details of which are
incorporated herein by reference, a separate fuel metering
injector and delivery injector are provided for each com-
bustion chamber, the fuel injector supplying a metered
quantity of fuel to a delivery chamber of the delivery
injector. This will be referred to as the Applicant’s “elec-
tronic fuel injection system” in the present application.

In the Applicant’s co-pending International Patent Appli-
cation No. PCT/AU99/00354, there is also disclosed a dual
fluid fuel injection system, the details of which are incor-
porated herein by reference, in which the need for a separate
fuel metering injector is eliminated. This system will be
referred to as a “passive fuel injection system” in the present
application. In such a system, the opening of the delivery
injector generates a differential pressure across a mass flow
rate control means which controls the mass flow rate of fuel
to the engine.

In regard to these and other fuel systems in general, and
as alluded to hereinbefore, it is common for an amount of
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2

fuel vapour to be generated during operation of the engine
and there are typically a number of particular areas where
fuel vapour is commonly generated within such fuel sys-
tems. Conventionally, fuel vapour is generated by the
increase in the temperature of the fuel and this commonly
occurs through heat input from the engine (conduction and
convection), heat input from the fuel pump (from electrical
and mechanical losses) and the throttling process associated
with the conventional process of fuel pressure regulation.
There are also a number of other areas where fuel vapour
may be generated which would be understood by those
skilled in the art. It has however been found in practice that
the substantial portion of the fuel vapour is generated
downstream of the fuel pump for the above stated reasons.
In any event, the generation and accumulation of fuel vapour
in most fuel systems is a common phenomenon.

Current exhaust emission standards for certain engine
applications necessitate that this fuel vapour be collected
and prevented from being emitted into the atmosphere. This
has been conventionally achieved by use of air/fuel separa-
tors for absorbing and/or dealing with the generated fuel
vapour.

It is therefore an object of the present invention to
provide an improved means for satisfactorily handling fuel
vapour generated within dual fluid fuel injection systems for
internal combustion engines.

It is also a preferred object of the present invention to
provide a fuelling control system for an internal combustion
engine which does not require recirculation of fuel.

With this object in mind, according to one aspect of the
present invention, there is provided a fuel vapour handling
system for a dual fluid fuel injection system, including:

a fuel supply means, and a gas supply means for respec-
tively supplying fuel and gas to at least one delivery
injector of the dual fluid fuel injection system for
subsequent delivery thereby, the fuel supply means
including a fuel pump;

and a fuel vapour control means providing a fluid com-
munication between the fuel supply means downstream
of the fuel pump and the gas supply means to allow fuel
vapour present within the fuel supply means to pass to
the gas supply means for subsequent delivery by the
delivery injector.

Because a substantial portion of the fuel vapour is gen-
erated downstream of the fuel pump, it is advantageous for
the fuel vapour control means to be located downstream of
the fuel pump. Such an arrangement, also allows for fuel
vapour control in “dead headed” fuel systems.

The fuel vapour control means preferably allows the
pressure of the fuel supplied to the delivery injector to be
substantially equalised with the pressure of the gas supplied
to delivery injector. This renders the fuel vapour handling
system particularly applicable to the Applicants’ passive fuel
injection system where the pressure of the gas supplied to
the injection system is preferably at least substantially
balanced with the pressure of the fuel supplied to the
injection system. However by throttling or regulating the air
pressure downstream of the fuel vapour control means to
generate a pressure differential between the fuel pressure
and the gas pressure, this particular system can also be
applicable to the Applicants’ electronic fuel system.

The fuel vapour control means may provide a fuel/gas
interface which allows vapour from the fuel supply means to
freely migrate into the gas supply means where it can
subsequently be injected into an engine to which the fuel
injection system is operatively connected. That is, the fuel/
gas interface allows the fuel vapour generated within the
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fuel supply means to be supplied to the delivery injector(s)
through the gas supply means. It should be noted that the gas
supply means is typically independent of the air induction
means for supplying bulk air to the engine for subsequent
combustion.

Preferably, the gas supply means is arranged to deliver
compressed gas, typically air, to the dual fluid fuel injection
system. Because the gas supply means is in fluid commu-
nication with the fuel within the vapour control means, the
compressed gas pressure may be at least substantially bal-
anced with the fuel pressure in the vapour control means, the
fuel pressure thereby being maintained regardless of the fuel
level within the vapour control means, and substantially
maintained regardless of the operating state of a fuel pump
supplying fuel to the fuel supply means. The vapour control
means thereby provides a means by which fuel vapour
present in the fuel supply means may be transferred to the
compressed gas in the gas supply means as will be further
expanded upon hereinafter.

The term compressed gas is used to refer to any com-
pressed gas mixture such as air and fuel vapour or recircu-
lated exhaust gas as well as to atmospheric air which may be
compressed and provided to the gas supply means.

Preferably, the vapour control means is at least one vapour
control passage interconnecting the fuel supply means and
the gas supply means. It is also possible for a plurality of
vapour control passages interconnecting the fuel supply
means and the gas supply means to be provided.

In both the Applicant’s passive and electronic fuel injec-
tion systems, the fuel supply means may further include a
fuel rail for supplying fuel to one or more delivery injectors
of the fuel injection system. Further, the gas supply means
may include an air rail for conveying compressed air to the
one or more delivery injectors. The gas supply means may
further include an air compressor for compressing the air to
be delivered to the air rail. However, it is also envisaged that
other sources of compressed air or gas could be utilised.

In respect of the present invention, a said vapour control
passage may extend from the fuel rail and may communicate
with an air supply passage provided between the air com-
pressor and the air rail. At least a portion of the vapour
control passage adjacent the fuel rail may be oriented in an
at least substantially upright position such that the level of
fuel within the vapour control passage may provide an
indication of the filling of the fuel rail with fuel. Further, the
vapour control passage may be provided in the form of a
single continuous passage or several continuous passages in
fluid communication with the fuel and gas supply means,
with at least a portion of the passage(s) being orientated in
an at least substantially upright position to prevent liquid
fuel from entering the gas supply means while at the same
time allowing fuel vapour to migrate to the gas supply
means.

Conveniently, the vapour control passage, pressure equal-
ising means and communication passages may be integral
with the component housing the fuel and air rails, or
alternatively may be remotely arranged. Conveniently, the
fuel supply means is ‘dead headed’ such that fuel flow is
essentially not recirculated from the fuel rail back to the
reservoir. Conveniently, the vapour control passage is
arranged downstream of the fuel rail such that fuel is
delivered from the fuel pump directly to the delivery injector
(s). Alternatively, the vapour control passage may be
arranged between the fuel pump and the fuel rail.

As previously noted, the fuel supply means includes a fuel
pump for supplying fuel to the delivery injectors of the fuel
injection system. Preferably, the fuel pump is a high pressure
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fuel pump. A lift pump may also be located upstream from
the fuel pump and may be arranged to draw fuel from a fuel
tank and direct the drawn fuel to the fuel pump. A volume
provided upstream of the intake of the fuel pump, being the
volume immediately adjacent the suction intake of the fuel
pump and preferably also the volume in the fuel supply
means between the lift pump and the fuel pump, may be
sufficient to allow any fuel vapour generated by the lift pump
to be compressed into this upstream volume. The trapped
fuel vapour can subsequently be pumped through the fuel
pump, with at least a substantial portion of this fuel vapour
being directed to the gas supply means by the vapour control
passage located downstream of the fuel pump. This arrange-
ment therefore provides control of the fuel vapour generated
by the lift pump supplying fuel to the fuel pump.

In particular regard to two stroke cycle engines, the lift
pump may be a crankcase pressure actuated pump. Such
crankcase pressure actuated pumps typically stop delivering
fuel when sufficient fuel has been delivered to the fuel pump.
By comparison, an electric pump is more likely to stall and
burn out under such conditions. Nevertheless, it is envisaged
that selected electric lift pumps could also be used in such
an application.

According to another preferred embodiment of the present
invention, the fuel vapour control means may include a
pressure equalising means which acts to at least substantially
equalise the gas and fuel pressures supplied to the delivery
injectors. The pressure equalising means can be in the form
of a tank to which fuel is supplied. A communication
passage may connect the gas supply means to the tank such
that the fuel contained in the tank is exposed to the gas
pressure. This results in a substantial equalisation of the fuel
and gas pressures supplied to the delivery injectors. The
communication passage may also act as a said fuel vapour
control passage by allowing fuel vapour generated within
the fuel supply means to be delivered to the gas supply
means.

The passive fuel injection system described in the Appli-
cant’s co-pending International Patent Application No. PCT/
AU99/00354 requires the pressure of the gas supplied to the
dual fluid fuel injection system to be at least substantially
balanced with the pressure of the fuel supplied to the fuel
injection system. The fuel vapour handling system accord-
ing to the present invention is therefore applicable for use on
such a fuel injection system.

The fuel vapour handling system is however also appli-
cable in regard to the Applicant’s electronic fuel injection
system wherein the fuel is supplied to the fuel injection
system at a higher pressure than the pressure of the com-
pressed air. This may be achieved by throttling or regulating
the air supply line downstream from the pressure equalising
means. This therefore maintains a required pressure differ-
ential between the fuel pressure, and the pressure of the
compressed air.

A further way of minimising the fuel vapour generated in
the dual fluid fuel injection system is by minimising the heat
input from the fuel pump. Accordingly, this may be achieved
by operating the fuel pump intermittently. This mode of
operation of the fuel pump is possible in the fuel vapour
handling system having the vapour control passage which
relies on pressurised gas above the fuel within the vapour
control passage to act as a pneumatic spring thereby allow-
ing fuel levels to fluctuate whilst still supplying fuel to the
delivery injectors at a required pressure. Hence, this arrange-
ment allows for the duty cycles of the fuel pump to be
reduced at most running points. For example, it is possible
to reduce the duty cycles to as low as 2%—-3% at idle, and to
around 40% at rated wide open throttle.
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To this end, a fuel level sensor means may be provided for
the vapour control passage. This sensor means may sense the
level of fuel within the vapour control passage to thereby
allow the fuel pump to be controlled as a function of the fuel
level within the vapour control passage. The operation of
this fuel level sensor means will be subsequently described
in more detail.

The above noted arrangement also eliminates the need for
a fuel regulator for regulating the pressure of the fuel in the
fuel injection system. In this regard, the throttling process of
a conventional fuel regulator is a significant source of fuel
vapour in a conventional fuel injection system. Because the
fuel pressure is regulated by controlling the air pressure in
the above-described arrangement, this removes the need for
the fuel regulator.

In the embodiment having a pressure equalising means,
the fuel pump may supply fuel to the pressure equalising
means. That pressure equalising means may further include
a float valve for controlling the flow of fuel into the pressure
equalising means. In that system the float valve is responsive
to the level of fuel in the vapour control and may be used to
control the operation of the fuel pump.

In certain applications, a vapour return passage may also
be provided between the fuel rail and the pressure equalising
means. During priming of the fuel injection system, liquid
fuel can displace any fuel vapour within the fuel rail by the
mechanism of buoyancy. When the fuel rail is pressurised,
the fuel vapour volume may be typically reduced to approxi-
mately one sixth the volume of the fuel rail. The displaced
fuel vapour may return through the vapour return passage to
the pressure equalising means and may then be allowed to
freely migrate into the air supply means through the vapour
control passage whereafter it is supplied to the delivery
injector(s).

Further, because of the relatively high pressure in the
pressure equalising means, relatively high temperatures are
required to generate additional fuel vapour within that
means. Still further, existing fuel vapour within the pressure
equalising means can condense back into liquid fuel under
such conditions.

The abovementioned arrangement thereby defines a ‘dead
headed’ fuel system whereby fuel is supplied to the fuel rail
in such a manner so as to eliminate any recirculation of fuel
from the fuel rail back to a storage reservoir or fuel tank.

The above system therefore overcomes the need to pro-
vide additional means to return excess fuel to such a
reservoir and thereby reduces the possibility of generating
additional fuel vapour which is common in such recircula-
tion systems. Further, any consequential additional heating
of the fuel due to this recirculation is thereby avoided.
Therefore, the requirement in certain marine engines for a
heat exchanger to cool the fuel as well as a float tank can be
eliminated by this arrangement. Furthermore, the require-
ment for a separate vapour separator to collect fuel vapour
generated or otherwise present within the fuel supply means
is also eliminated in that any fuel vapour in the system is
passed to the gas supply means via the vapour control
passage.

Unlike alternative dead headed non-recirculating fuel
systems, priming the system with fuel from the fuel pump
expels any air or vapour into the gas supply means. Any fuel
vapour subsequently formed also has the opportunity,
through the mechanism of buoyancy, to be transferred to the
gas supply means. Such vapour which enters the gas supply
means is able to be injected directly into the combustion
chamber of an engine to which the injection system is
connected thereby providing a more environmentally sound
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solution to the issue of vapour handling. Another advantage
of the present invention is that the power requirements of the
fuel injection system are reduced as the fuel pump is
prevented from pumping when sufficient fuel is available for
the fuel injection system.

According to another aspect of the present invention,
there is provided a fuelling control system for an internal
combustion engine having a dual fluid fuel injection system,
the fuelling controlling system including:

a fuel supply means and a gas supply means for respec-
tively supplying fuel and gas to the dual fluid fuel
injection system, the fuel supply means including a fuel
pump;

a vapour control passage interconnecting the fuel supply
means downstream of the fuel pump with the gas
supply means to allow fuel vapour from the fuel supply
means to pass to the gas supply means; and

a fuel level sensor means arranged to sense the level of
fuel within the vapour control passage wherein the fuel
pump is controlled as a function of the level of fuel
within the vapour control passage.

Preferably, the fuel level reading of the fuel level sensor
means causes the power supply to the fuel pump to be
maintained when the fuel level within the vapour control
passage is below a preset level. Preferably the fuel level
reading of the fuel level sensor means causes the power
supply to the fuel pump to be interrupted when the fuel level
within the vapour control passage reaches or exceeds said
preset level. Conveniently the fuel supply means is “dead
headed” such that fuel flow is not recirculated in the fuelling
control system.

Preferably, the fuel supply means is “dead headed” by the
fuel injection system. Preferably the gas supply means is
arranged to deliver compressed gas, typically air, to the dual
fluid fuel injection system. Because the gas supply means is
in fluid communication with the fuel within the vapour
control passage, the compressed gas pressure may be at least
substantially balanced with the fuel pressure within the
vapour control passage, the fuel pressure thereby being
maintained regardless of the fuel level within the passage,
and substantially maintained regardless of the fuel pump
operating state. The vapour control passage thereby provides
a means by which fuel vapour present in the fuel supply
means may be transferred to the compressed gas in the gas
supply means as previously discussed.

The fuelling control system according to the present
invention is particularly applicable for use on the Appli-
cant’s passive fuel injection system. The fuelling control
system is however also applicable in the Applicant’s elec-
tronic fuel injection system wherein the fuel is supplied to
the fuel injection system at a higher pressure than the
pressure of the compressed air. This may be achieved by
regulating the air pressure to maintain the required pressure
differential between the fuel pressure and the compressed air
pressure.

As previously discussed, in both the Applicant’s passive
and electronic fuel injection systems, the fuel supply means
may further include a fuel rail in which fuel to be supplied
to one or more delivery injectors may be held prior to
delivery. Further, the gas supply means may include an air
rail in which compressed air may be held prior to delivery
to the one or more delivery injectors. The gas supply means
may further include an air compressor for compressing the
air to be delivered to the air rail. However, it is also
envisaged that other sources of compressed air could be
utilised.

In respect of the present invention, the vapour control
passage may extend from the fuel rail, and may communi-


















