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DUAL FUEL SYSTEM FOR AN INTERNAL COMBUSTION ENGINE

TECHNICAL FIELD

[0001] The present disclosure relates to a fuel system in a vehicle, specifically a dual fuel

system for an internal combustion engine.

BACKGROUND

[0002] Internal combustion engines in vehicles are known in the art to run on a plethora of
fuel types. Especially in recent times, it has become imperative that automotive vehicles improve
fuel efficiency. The desire for fuel efficiencies in vehicles has been driven by concerns for the
environment, by the cost of gasoline and fossil fuels, by legislatorial initiatives, and by other
reasons. Gasoline remains the most used fuel in vehicles having an internal combustion engine.
Liquefied petroleum gas (LPG) is also known as a fuel source for engines. Advantages of using
LPG in vehicles include lower costs per volume, lower emissions, and reduced engine noise, among

others.

[0003] Advancements have been made in the research and development of dual fuel
arrangements for an internal combustion engine. These dual fuel arrangements utilize two different
fuel types to run one or more engines. However, the practice of dual fuel systems in vehicles is still
relatively rudimentary, and much room exists for additional technological advancements with these

systems.

SUMMARY

[0004] According various embodiments, a dual fuel system for a vehicle is provided. The
vehicle is capable of being propelled by two different fuels. At least one supply tank includes a first
compartment for supplying a first fuel, and a second compartment for supplying a second fuel. A
fuel rail is capable of delivering the first fuel and the second fuel to fuel injectors. At least one fuel
line connects the first and second compartments of the supply tank to the fuel rail. At least one valve
is disposed along the at least one fuel line for selectively distributing the first and second fuels from

the supply tank to the fuel rail. An evacuation line has an inlud fluidly connected to the fuel rail, and
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an outlet fluidly connected to an evacuation tank. An cvacuation valve is disposed along the
evacuation line for selectively communicating fuel from the fuel rail to the evacuation tank. At least
one controller is programmed to open the evacuation valve to evacuate the second fuel from the fuel
rail into the evacuation tank in response to an engine-OFF signal. The at least one controller is
further programmed to subsequently open the at least one valve to deliver the first fuel into the fuel
rail, and controllably inject the first fuel via the fuel injectors at a first rate in response to an engine-
ON signal. An intake manifold is also provided, along with an evacuation injector disposed between
the evacuation tank and the intake manifold. The at least one controller is further configured to
controllably inject the second fuel from the evacuation tank via the evacuation injector to the intake
manifold at a second rate less than the first rate. A cooling injector is controlled to inject the second

fuel into a cooling compartment of the fuel rail.

[0005] According to another embodiment, a dual fuel system for an engine is provided. The
system includes at least one supply tank for storing and supplying a first fuel and a second fuel. A
fuel rail is capable of delivering the first fuel and the second fuel to fuel injectors. An auxiliary
holding tank is provided for storing the second fuel outside of the at least one supply tank. At least
one controller is configured to evacuate the second fuel from the fuel rail into the holding tank based
at least upon the engine being disabled. The at least on controller is further configured to return the
second fuel from the auxiliary holding tank to an intake of the engine based upon the engine being

restarted.

[0006] According to yet another embodiment, a method of providing a first fuel and a second
fuel for operation of a vehicle having an engine and a fuel rail is provided. An engine-OFF signal is
received. Based at least upon the engine-OFF signal, the second fuel is evacuated from the fuel rail
into a holding container. The first fuel is then supplied to the fuel rail subsequent to the evacuating,
to replace the second fuel with the first fuel. An engine-ON signal is received. Based at least upon
the engine-ON signal, the first fuel is supplied to the engine at a first rate. Subsequently, the
evacuated second fuel is supplied from the holding tank to the engine at a second rate less than the

first rate.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIGURE 1 is a schematic illustration of a dual fuel system according to one
embodiment;
[0008] FIGURE 2 is a schematic illustration of a dual fuel system operating in a gasoline-

fueling mode;

[0009] FIGURE 3 is a schematic illustration of the dual fuel system operating in an LPG-

fueling mode;

[0010] FIGURE 4 is a schematic illustration of the dual fuel system evacuating LPG from

the fuel rail before depositing gasoline into the fuel rail;

[0011] FIGURE 5 is a flowchart illustrating an algorithm implemented by at least one

controller; and

[0012] FIGURE 6 is another flowchart illustrating an algorithm implemented by at least one
controller.

DETAILED DESCRIPTION
[0013] Embodiments of the present disclosure are described herein. It is to be understood,

however, that the disclosed embodiments are merely examples and other embodiments can take
various and alternative forms. The figures are not necessarily to scale; some features could be
exaggerated or minimized to show details of particular components. Therefore, specific structural
and functional details disclosed herein are not to be interpreted as limiting, but merely as a
representative basis for teaching one skilled in the art to variously employ the present invention. As
those of ordinary skill in the art will understand, various features illustrated and described with
reference to any one of the figures can be combined with features illustrated in one or more other
figures to produce embodiments that are not explicitly illustrated or described. The combinations of
features illustrated provide representative embodiments for typical applications.  Various
combinations and modifications of the features consistent with the teachings of this disclosure,

however, could be desired for particular applications or implementations.
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[0014] Referring to Figure 1, a dual fuel system 10 is illustrated for use in a vehicle having
an internal combustion engine. A dual fuel tank 12 is configured to receive and store a first and
second fuel type in separate respective compartments. For example, as illustrated in Figure 1,
liquefied petroleum gas (LPG) 14 and gasoline 16 are stored in two separate compartments. While
the LPG can be in the form of a liquid, as represented by numeral 14, a gaseous LPG 18 can exist
above the liquid LPG 14 in the same partitioned container within the dual fuel tank 12. It should be
understood that the dual fuel tank 12 can also be two separate tanks, each for storing a respective

fuel, rather than one singular dual fuel tank.

[0015] While LPG and gasoline are referenced throughout the present disclosure, it should
be understood that many fuel types are contemplated in the dual fuel system 10. For example,
ethanol, biodiesel, hydrogen and other fuels are to be considered within the scope of the present
disclosure and can be separated within the same tank 12 to be used for the same engine. The

different fuels used for combustion can broadly be referred to as a “first fuel” and a “second fuel.”

[0016] A flexible wall or membrane 20 separates the two different types of fuel into
respective compartments. The membrane 20 is clastic or otherwise bendable to accommodate
various volumes and pressures within the separate compartments that have LPG 14 or gasoline.
Pressure differentials between the two fuel types expand, bend or otherwise move the membrane 20

accordingly.

[0017] An LPG inlet 22 provides an opening to a pathway into the LPG portion of the tank
12. Similarly, a gasoline inlet 24 provides an opening to a pathway into the gasoline portion of the
tank 12. Each inlet 22, 24 has respective check valves 26, 28 to prevent the fuel from exiting from
the tank 12 through the inlet.

[0018] At least one controller 30 controls the operation of the mechanics (fuel injectors,
valves, pumps, etc.) within the dual fuel system 10. The controller 30 receives input signals from
various sensors throughout the system 10 and commands actions based on the retrieved signals.
Electric connections connect the controller 30 to various components in the dual fuel system 10 to
receive the data and, in turn, command actions based on the data. Any reference in the present
disclosure to a command, control, mechanical action, electrical action, or other action may refer to
decisions made and instructed by the controller 30. For example, valves opening and shutting

should be understood as being commanded to do so by the controller 30.
4
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[0019] A warming pad 32 may be provided mounted or otherwise secured to the exterior or
interior of the tank 12. The warming pad 32 regulates the temperature of the LPG portions 14, 18 of
the tank 12, thereby regulating the pressure of the LPG. Temperature regulation of the fuels,
especially the LPG 14, may be necessary in order to regulate the pressure of the fuel not only within
the tank 12 but throughout the dual fuel system 10. For example, if the weather is cold, the pressure
of the LPG may be below the required pressure in the fuel rail 34, making combustion of LPG
undesirable or impossible. Warming of the LPG in cold weather enables a quicker conversion to
LPG during operation. The warming pad 32 can be controlled by the controller 30 and sensors in
order to regulate the temperature and pressure of the LPG 14 and/or gasoline 16 within the tank 12.
The warming pad 32 may also have a refrigerant or coolant within to cool the fuel tank 12 if

necessary. Gaseous LPG may also be removed to cool the LPG, as will be later described.

[0020] In operation, the LPG 14 and/or gasoline 16 is routed and fed (through pathways and
devices that will be subsequently discussed) into a fuel rail 34. The fuel rail 34 may be a pipe or
duct for receiving fuel and transporting the fuel to a plurality of fuel injectors 36. The fuel injectors
36 arc timed and controlled via the OEM engine management system and/or controller 30 to inject
LPG, gasoline or other fuel into an intake manifold 38, whereupon the fuel mixes with air and is
inputted into ports corresponding to respective engine cylinders. In this embodiment, a throttle 40 is
controlled to open and close to affect the amount of air or oxygen intake into the manifold 38.
Alternatively, the fuel may be injected directly into respective cylinders of the engine in a direct

injection configuration.

[0021] For similar temperature regulation reasons as the fuel tank, insulation may be
provided around the outside of the fuel rail, any components and lines connected to the fuel rail, and
the fuel tank. The fuel rail 34 should be kept relatively cold upon receiving a signal to supply LPG
to the fuel rail and when the engine is running on LPG, such that the pressure is regulated when LPG
is used in a liquid state. Fuel lines and at least a portion of the fuel tank housing the LPG fuel can
also be similarly insulated. The insulation may be made of polyurethane, mineral wool, acrogel, or

any other insulation material known in the art.

[0022] An LPG fuel line 42 directly or indirectly connects the LPG portion of the tank 12
(gaseous or liquid) to the fuel rail 34. The LPG (gaseous 18 or liquid 14) travels along fuel line 42
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to the fuel rail 34. Similarly, a gasoline fuel line 44 directly or indirectly connects the gasoline

portion 16 of the tank 12 to the fuel rail.

[0023] An LPG valve 46 and a gasoline valve 48 are provided along the fuel lines 42, 44,
respectively. The vales 46, 48 may be ecither electrically activated or pressure activated in various
embodiments. The valves 46, 48 are controlled to regulate the output of the difterent fuels from the
tank 12. A check valve 50 is also located along the fuel line 44 that corresponds with a fuel pump
52. The fuel pump 52 can be commanded to pump fuel through the fuel line 44, while the check
valve 50 enables shut down of the pump 52 in the event of a sensed pressure or temperature within
the tank 12 that is inside of a desired threshold, as determined by temperature and pressure sensors
54. Furthermore, if the pressure in the tank 12 is above a threshold, the fuel can flow through check
valve 50 without the assistance of the pump 52. A two-way valve may also be provided in
combination with the valve 50 and pump 52 such that excess gasoline can flow back through the
two-way valve and toward the tank. Additional valves 56, 58, 60 are also provided along the fuel
lines to regulate the flow of fuel from either or both of the LPG and gasoline portions of the fuel tank
12. Valve 60 can be a dual fuel valve such that in one state the valve 60 enables gasoline to flow
from gasoline fuel line 44 into the fuel rail 34, and in another state the valve 60 enables LPG to flow
from the LPG fuel line 42 into the fuel rail 34. Other embodiments are contemplated in which a
plurality of valves are utilized to regulate the fuel flow of first and second fuels into the fuel rail 34.
Furthermore, valve 60 can be of such shape and type that allows not only supplying either fuels to
the fuel rail 34, but also mixing of these fuels to any desirable proportion suitable for combustion.
For example, in diesel engines in which the first fuel cannot be 100% substituted, the second fuel

can be pre-mixed with the first fuel for fuel efficiency benefits before injection.

[0024] A pressure reducing valve 64 may be placed along either or both LPG fuel line 42 or
gasoline fuel line 44 upstream of the fuel rail 34. The pressure reducing valve 64 reduces pressure
along the fuel lines for controlling the pressure of the fuel before fuel enters the fuel rail 34. For
example, liquid LPG may be 10 bar in the tank 12 and throughout portions of the fuel line 42
upstream of the pressure reducing valve 64. This high amount of pressure may be unsuitable for
injection. The pressure reducing valve 64 reduces the pressure of the LPG before injection such that
the pressure is more comparable with that of gasoline pressure during injection (e.g., between 2 to 6
bar). The pressure reducing valve 64 may be equipped with a motor or another actuator to regulate

fuel pressure along throughout the fuel rail 34.
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[0025] Because of the different characteristics of various fuels (e.g., LPG and gasoline), the
fuel rail 34 must be intelligently configured to properly distribute the different fuels for injection.
For example, if the engine of the vehicle is relatively cold when started, immediate injection of LPG
may not combust as efficiently or rapidly compared to gasoline due to the combustion characteristics
of LPG. Therefore, the controller 30 should use temperature and pressure sensors 66 in the fuel rail
34 and other sensors outside of the fuel rail 34 to control the various valves in the dual fuel system to
time when cach fuel is sent into the fuel rail. Furthermore, for metering accuracy and combustion
efficiency reasons, it is desirable to maintain the LPG fuel in a liquid state in the fuel rail during
injection. Because of different temperature and pressure change-of-state characteristics of gasoline
compared to LPG, when using a singular fuel rail 34 for both fuels, the LPG must be maintained at a
sufficient temperature and pressure to properly inject immediately after/before gasoline injection.
Given these considerations and a limited injection pulse duration at high engine speeds, the present
disclosure includes chilling the LPG fuel and rail so that a normal fuel rail pressure will maintain the
LPG fuel in a liquid phase. The use of LPG fuel can occur immediately on engine start (or within
seconds thereafter) if the fuel rail 34 is below a temperature threshold, for example, in cold weather
or shortly after the engine being previously on. LPG injection can also occur immediately after
engine startup in a direct injection engine, where the fuel pressure is high. However, the engine may
initially be started using gasoline fuel, according to known methods, in the event of a cold start.

These and other concerns will be discussed with reference to illustrations provided in Figures 2-4.

[0026] Referring to Figure 2, a gasoline-mode of operation is illustrated in which gasoline 16
is provided to the engine for combustion as indicated by the bolded lines. This mode may start
immediately upon engine-ON signals in which an operator turns the engine on. In this mode, valve
56 is open to allow gasoline 16 to flow along gasoline fuel line 44. The controller 30 also
commands the dual fuel valve 60 to be positioned such that gasoline (and not LPG) flows through
the valve 60 into the fuel rail 34. Inside the fuel rail 34, the gasoline flows along a fueling
compartment 69 of the fuel rail 34 towards the fuel injectors 36 for being provided to the manifold

38 or into the cylinders in direct injection engines for combustion.

[0027] To input gasoline into the fuel rail 34, an upper port and lower port on the gasoline
portion 16 of the tank 12 are provided. If liquid LPG resides in the LPG portion 14 of the tank 12,
and the temperature is above a threshold, pressure above atmospheric pressure is provided to the
gasoline portion 16 of the tank 12 through the flexible membrane 20. In that case, gasoline is drawn

7
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from the upper port and through ecither the check valve 50 (if the pressure is above the required
pressure in the fuel rail 34), or through the pump 52 if the pressure is insufficient. If no liquid LPG
resides in the LPG portion 14 of the tank 12, there may be no pressure in the tank, valve 48 opens,
and the gasoline flows form the lower port of the gasoline portion 16 of the tank 12.

[0028] In the gasoline-mode of operation, a cooling injector 68 may be activated to inject a
fuel into a cooling compartment 70. The cooling injector 68 may inject LPG from the LPG fuel line
to utilize the LPG as a coolant. After the LPG is circulated along the cooling compartment 70, the
LPG may exit the fuel rail 34 via evacuation line 74 and into a holding tank 76 in which the LPG
may be subsequently bled into the manifold 38 for combustion, which will be discussed further.
Additionally or optionally, the LPG may be transferred from the fueling compartment 69 into the
cooling compartment 70 via an optional relief valves 77. Relief valve 77 may be a floater type
valve, in which the valve 77 opens to allow gascous substances in the fucling compartment 69 to
escape to the cooling compartment if the level of the liquid LPG or gasoline in the fuel compartment

becomes low.

[0029] The rate of injection of LPG through the cooling injector 68 can be controlled to
slowly increase toward the rate of impulses of fuel injectors 36. Once the impulse rate of injection
of LPG is proportional to the impulse rate of injection of fuel via fuel injectors 36, the amount of
extra fuel added proportional to the gasoline injection can be at least temporarily maintained.
Simultaneously, the pressure of the gasoline in the fuel rail 34 could be decreased, which reduces the
amount of gasoline injected into the engine while increasing the amount of LPG injected for cooling.
Once the LPG input rate is maintained, the reduction of gasoline fuel pressure stops and the cooling
continues with a constant proportion between the two fuels, until a desired temperature in the fuel
rail 34 is reached. With this arrangement and control, the controller 30 is not required to adjust the
length of injection pulses for the added LPG fuel. The decrease in pressure of the gasoline

compensates for the added LPG fuel for cooling purposes.

[0030] The cooling of the fuel rail can also be accomplished by other contemplated methods.
For example, a small heat pump unit and/or refrigerating unit can be in communication with the
inside of the fuel rail 34. The heat pump can be arranged instead of a cooling injector 68 to circulate
known coolant throughout the fuel rail in a closed circuit. Other methods of cooling the fuel rail 34

are contemplated.



WO 2014/135969 PCT/IB2014/000470

[0031] Referring to Figure 3, an LPG-mode of operation is illustrated in which the controller
30 determines optimum situations for LPG injection based on temperature and pressures of the fuels
and components within the vehicle. For example, this mode of operation may be activated after

minutes of driving in which certain components decrease in temperature.

[0032] In the LPG-mode of operation, the controller 30 commands the LPG valve 46 to open
to enable liquid LPG 14 to transfer along the LPG fuel line 42 into the fuel rail 34. Alternatively or
additionally, gascous LPG 18 may also be mixed into the liquid LPG along the LPG fuel line 42.
The gasoline valve 56 may be at least partially closed to at least partially inhibit the flow of gasoline
into the fuel rail 34. Valve 60 and 64 arc configured to enable the flow of LPG fuel into the fueling
compartment 69 of the fuel rail 34, whereupon the injectors 36 spray the LPG into the intake
manifold 38 for combustion or in cylinders in direct injection engines. Similar to the gasoline-mode
of operation illustrated in Figure 2, in the LPG-mode of operation LPG can be distributed into the

cooling compartment 70 of the fuel rail.

[0033] The timing of the switch from the gasoline-mode to the LPG-mode of operation can
be controlled by controller 30 based on temperatures and pressures, as previously described.
Furthermore, during the transition period between the two modes of operation, the valves (e.g.,
valves 56, 60) can be at least partially open to enable a partial amount of gasoline to mix with the

LPG fuel in the fuel rail 34, if desired.

[0034] Once the operator of the vehicle commands the engine to stop and the engine remains
stopped for a period of time, liquid LPG injection may be difficult due to the lack of ability to
regulate the temperature of the fuel rail 34. As heat distributes through the vehicle once the engine
is disabled, fuel in the fuel rail may increase in heat and possibly vaporize any LPG in the fuel rail
due to the lack of circulation of any coolant in the cooling compartment 70. Once the LPG is
vaporized, ignition may be impossible or at Ieast very troublesome due to the ignition characteristics
of LPG. A pressure release valve 72 may therefore be provided to enable the LPG in the fuel rail 34
to evacuate from the fuel rail 34 into the holding tank 76. The pressure release valve 72 is also
provided to safely release any high pressure in the fuel compartment of the fuel rail 34 if power is
lost and LPG evacuation cannot be done when the engine stops. A method of enabling a successful
restart of the engine according to one embodiment of the present disclosure is described with

reference to Figure 4.
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[0035] Referring to Figure 4, an evacuation-mode of operation is illustrated in which LPG is
evacuated from the fuel rail 34. In response to the engine being stopped for a time exceeding a
threshold, or in response to the temperature of components (e.g., the fuel rail 34) within the vehicle,
the controller 30 may command the evacuation-mode of operation. The pressure release valve 72
can be opened such that the LPG in the fuel rail 34, which is under pressure, escapes through
evacuation fuel line 74 into an evacuation tank, or low pressure holding tank 76. After a short time
(c.g., 0.1-2.0 seconds), the LPG is evacuated from the fuel rail 34 and the controller 30 closes
pressure release valve 72. Additionally, the LPG remaining in the fuel rail 34 may be evacuated via
an optional relief valves 77 and/or distributed in manners previously described toward the holding

tank 76.

[0036] It should be understood that the pressure release valve 72 can be a safety release
valve such that it opens in response to a pressure amount (above the pressure in the fuel rail 34). In
the event of a loss of electricity in the vehicle, a malfunction in the control system, or merely
overheating in the fuel rail 34, the pressure release valve 72 can open to safely release the LPG from
the fuel rail 34 as the temperature of the rail 34 increases. Subsequent to the evacuation, the valves
56, 60 may be controlled to move and enable gasoline to enter into the fueling compartment 69 of
the fuel rail 34. Gasoline flooded into the fuel rail 34 enables the engine to be restarted with

gasoline even if the engine was previously utilizing LPG fuel the last time the engine was on.

[0037] After the substitution of LPG for gasoline in the fuel rail 34, the engine may be
restarted with gasoline providing fuel for the initial combustion cycle. Furthermore, the stored LPG
evacuated from the fuel rail 34 and stored in in the low pressure holding tank 76 may be bled into the
intake manifold 38. An LPG injector 78 is controlled to slowly release the stored LPG into the
manifold 38 to mix with the gasoline injected from the fuel rail 34. Alternatively, the LPG injector
78 may be controlled to not release any LPG until the next mode switch from the gasoline-mode of

operation to the LPG-mode of operation.

[0038] It should be understood that the injector 78 may spray the LPG directly into the
cylinders in a direct injection configuration; however, in a preferred embodiment, the injector 78
sprays fuel into the manifold 38 where it mixes with fuel injected from the fuel rail 34. The
controller 30 may command the injector 78 to spray LPG based upon a time threshold after restart,

various temperature and pressure measurements, and/or a time when LPG is injected into the cooling

10
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compartment 70 of the fuel rail 34. The rate of injection is preferably proportional to the rate of

injection by the main injectors 36.

[0039] During the evacuation mode, valve 46 may be open, but LPG may still be inhibited
from entering the fuel rail 34 due to fuel injector 68 not operating and valve 60 being closed. In the
event of a need to cool the tank 12, valve 46 may close and gaseous LPG may be drawn from the
gascous LPG portion 18 of the fuel tank. The reduction of pressure from the removal of gascous
LPG causes some of the liquid LPG to boil, thus cooling the tank 12. When the temperature in the
tank 12 cools to a temperature below a preset value, valve 46 may open again such that LPG is

drawn in a liquid form for use.

[0040] Referring to Figures 1-4, a return subsystem 82 is optionally provided to return
unused (gaseous) LPG back into the tank 12 for storage and future retrieval. The subsystem 82 can
include a check valve 84 such that fuel cannot be returned through the subsystem 82 into the fuel rail
34 and/or storage tank 76. A vapor pump 86 pumps the LPG back into the tank during, for example,
the evacuation of LPG from the fuel rail 34 or fuel lines and during cooling down of the fuel rail 34.
A cooler 88 can also be provided to cool the gasecous LPG such that it is liquefied before entering the
tank 12. Valves 77 are also optionally provided to remove any gaseous substances from the fuel rail

34.

[0041] Referring to Figure 5, a method for replacing LPG (or a second fuel) in the fuel rail
34 is illustrated at 100. The method 100 can be implemented by at least one controller 30. At
operation 102, the controller receives an engine stop command. This can be indicated by an operator
of the vehicle turning the key OFF to disable ignition. If such a signal is not requested, the method
returns and repeats at operation 104 to continuously check for engine stop commands. At operation
106, a determination is made as to whether LPG remains in the fuel rail 34. This can be determined,
for instance, based on the timing of the valves in the system 10, the selected mode of operation
(“LPG” or “gasoline” mode) as inputted by the operator, or previous timing of the injector 68. If no

LPG remains in the fuel rail 34, the method returns at operation 104.

[0042] If there is LPG in the fuel rail 34, a command is made to close valve 60 to stop the
supply of LPG to the fuel rail 34, then at operation 110 a command is made to open a second valve
(valve 72, for example). The opening of the valve 72 releases the LPG due to the pressure in the fuel

rail 34, as previously described with reference to Figure 1. The LPG gas is evacuated from the fuel
11
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rail 34 and into the holding tank 76. The valve opening at operation 110 may also be commanded to
occur after a time (e.g., 5 minutes) after the engine being disabled. The valve 72 remains open until
a time increases above a predetermined threshold (e.g., 0.1 — 2.0 seconds) as determined at operation
112. Once the time threshold has been matched, the valve 72 is commanded to close at operation
114 to fluidly separate the fuel rail 34 and the holding tank 76. LPG evacuated from the fuel rail 34
is stored in the holding tank 76. At operation 116, a third valve (valve 56, for example) is opened or
otherwise configured to allow for fluid communication between the gasoline fuel line 44 and the fuel
rail 34. A pump may be necessary to input gasoline into the fuel rail 34. The method 100 enables
gasoline to be used when the engine is next started in the event LPG was previously used during the

last shutdown of the engine.

[0043] Referring to Figure 6, a method for controlling fuel distribution during a subsequent
restart of the engine is illustrated at 200. The method can be implemented by at least one controller
30. At operation 202, it is determined whether the controller receives an engine start command.
This can be indicated by an operator of the vehicle turning the key ON to command ignition. If such
a signal is not requested, the method returns at operation 204. At operation 206, gasoline is supplied

from the fuel rail 34 to the intake manifold 38 via injectors 36 for initial ignition.

[0044] At operation 208, LPG can be bled from the storage tank 76. This can occur
regardless of temperature of the fuel rail, since the LPG is being directly bled into the intake
manifold 38 to remove the excess LPG from the storage tank 76. The rate of the bleeding of the
LPG may be dependent upon the input demands from the user as well as injection timing of the fuel
injectors 36. It should be understood that the LPG stored in the tank 76 can be bled into the

manifold at any time after the starting of the engine.

[0045] During the supply of gasoline into the intake manifold 38, the controller checks for an
LPG start command at operation 210. This can be initiated by user-input, or can be commanded
automatically at any point during travel to attempt to operate the vehicle in a more fuel efficient
manner with LPG. In order to supply the LPG, the temperature and pressure must be suitable for
input into the fuel rail, as previously described. Therefore, at operation 212, the temperature of the
fuel tank 12 is monitored such that the temperature must be above a threshold in order to be
commanded to be input into the fuel rail 34. The warming pad 32 may be utilized to warm the LPG

fuel above the temperature threshold, as previously described. If the temperature of the fuel tank 12
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is not above a temperature threshold suitable for supplying the LPG for combustion, then at
operation 214 the warming pad or other warming means warms at least a portion of the compartment
of the fuel tank in which LPG is stored. The warming of the tank can occur at any time throughout

the method 200.

[0046] The temperature of the fuel rail 34 is monitored throughout the supply of gasoline at
operation 216. If the temperature of the fuel rail is greater than a threshold temperature, the fuel rail
34 may be cooled by LPG at operation 218 according to methods previously described. Once the
temperature of the fuel rail 34 is below the temperature threshold, the LPG may be inputted into the
fuel rail at a second rate at operation 220 to fuel the vehicle by LPG, according to methods

previously described.

[0047] While exemplary embodiments are described above, it is not intended that these
embodiments describe all possible forms encompassed by the claims. The words used in the
specification are words of description rather than limitation, and it is understood that various
changes can be made without departing from the spirit and scope of the disclosure. As previously
described, the features of various embodiments can be combined to form further embodiments of the
invention that may not be explicitly described or illustrated. While various embodiments could have
been described as providing advantages or being preferred over other embodiments or prior art
implementations with respect to one or more desired characteristics, those of ordinary skill in the art
recognize that one or more features or characteristics can be compromised to achieve desired overall
system attributes, which depend on the specific application and implementation. These attributes
can include, but are not limited to cost, strength, durability, life cycle cost, marketability,
appearance, packaging, size, serviceability, weight, manufacturability, ease of assembly, etc. As
such, embodiments described as less desirable than other embodiments or prior art implementations
with respect to one or more characteristics are not outside the scope of the disclosure and can be

desirable for particular applications.

13
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WHAT IS CLAIMED IS:

1. A dual fuel system for a vehicle capable of being propelled by two different
fuels, the system comprising:

at least one supply tank having a first compartment and a second compartment for
supplying a first fuel and a second fuel, respectively;

a fuel rail capable of delivering the first fuel and the second fuel to fuel injectors;

at least one fuel line connecting the first and second compartments of the supply tank
to the fuel rail;

at least one valve disposed along the at least one fuel line for selectively distributing
the first and second fuels from the supply tank to the fuel rail;

an evacuation tank;

an evacuation line having an inlet fluidly connected to the fuel rail, and an outlet
fluidly connected to the evacuation tank;

an evacuation valve disposed along the evacuation line for selectively communicating
fuel from the fuel rail to the evacuation tank; and

at least one controller programmed to (i) open the evacuation valve to evacuate the
second fuel from the fuel rail into the evacuation tank in response to an engine-OFF signal, (ii)
subsequently open the at least one valve to deliver the first fuel into the fuel rail, and (iii)
controllably inject the first fuel via the fuel injectors at a first rate in response to an engine-ON

signal.

2. The system of claim 1, further comprising an intake manifold, and an

evacuation injector disposed between the evacuation tank and the intake manifold, wherein the at
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least one controller is further configured to controllably inject the second fuel from the evacuation

tank via the evacuation injector to the intake manifold at a second rate less than the first rate.

3. The system of claim 1, wherein the at least one controller is further
programmed to deliver the second fuel from the supply tank into the fuel rail subsequent to the

engine-ON signal at a second rate generally equal to the first rate.

4. The system of claim 1, wherein the at least one supply tank is one supply tank,
the system further comprising further comprising a flexible membrane disposed within the supply

tank that separates the first compartment and the second compartment.

5. The system of claim 1, wherein the first fuel is gasoline and the second fuel is

liquefied petroleum gas (LPG).

6. The system of claim 1, wherein the at least one controller is further
programmed to open the evacuation valve to evacuate the second fuel from the fuel rail into the

evacuation tank via the evacuation line in response to the engine being OFF for a time exceeding a

threshold.

7. The system of claim 1, further comprising a cooling injector capable of
delivering the second fuel to a cooling compartment of the fuel rail, wherein the at least one
controller is further programmed to switch the at least one valve to deliver the second fuel into the

fuel rail, and to open the cooling injector to cool the rail.
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8. The system of claim 7, further comprising an insulation layer disposed about
at least a portion of the fuel rail to inhibit an increase in temperature of the fuel rail during the

deliver of the second fuel into the fuel rail.

9. The system of claim 1, further comprising a warming pad disposed about at
least a portion of the second portion of the supply tank, wherein the at least one controller is further
programmed to deliver the second fuel from the supply tank into the fuel rail based upon a

temperature of the second fuel exceeding a temperature threshold.

10. A dual fuel system for an engine, comprising:

at least one supply tank for supplying a first fuel and a second fuel,

a fuel rail capable of delivering the first fuel and the second fuel to fuel injectors;

an auxiliary holding tank for storing the second fuel; and

at least one controller configured to (1) evacuate the second fuel from the fuel rail into
the holding tank based at least upon the engine being disabled, and (ii) return the second fuel from

the auxiliary holding tank to an intake of the engine based upon the engine being restarted.

11. The system of claim 10, wherein the at least one controller is further

configured to input the first fuel into the fuel rail subsequent to the evacuation of the second fuel

from the fuel rail.

12.  The system of claim 11, further comprising an intake manifold, wherein the at

least one controller is further configured to deliver the first fuel into the intake manifold in response

16
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to an engine activation signal and subsequently deliver the second fuel from the auxiliary holding

tank into the intake manifold.

13. The system of claim 12, wherein the at least one controller is further
configured to deliver the first fuel into the intake manifold at a first rate in response to the engine
activation signal, and subsequently deliver the second fuel from the holding tank into the intake

manifold at a second rate less than the first rate.

14, The system of claim 12, wherein the at least one controller is further
configured to deliver the second fuel from the supply tank into the fuel rail subsequent to the engine

activation signal.

15.  The system of claim 10, wherein the first fuel is gasoline and the second fuel

is liquefied petroleum gas (LPG).

16. The system of claim 10, wherein the at least one controller is further
configured to evacuate the second fuel from the fuel rail into the holding tank based at least upon the

engine being disabled for a time exceeding a threshold.

17.  The system of claim 10, wherein the supply tank includes a flexible

membrane for isolating the first fuel from the second fuel within the supply tank.

18. A method of providing a first fuel and a second fuel from at least one tank for

operation of a vehicle having an engine and a fuel rail, the method comprising:

17
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receiving an engine-OFF signal;

evacuating the second fuel from the fuel rail into a holding container based at least
upon the engine-OFF signal;

supplying the first fuel from the tank to the fuel rail subsequent to the evacuating;

receiving an engine-ON signal; and

supplying the first fuel from the fuel rail to the engine at a first rate based at least

upon the engine-ON signal.

19. The method of claim 18, further comprising supplying the second fuel to the

engine from the holding container at a second rate generally proportional to the first rate.

20.  The method of claim 19, further comprising increasing the second rate toward

the first rate until the first rate and second rate are generally equivalent.

21. The method of claim 18, further comprising heating the tank in response to the
tank being less than a temperature threshold, and supplying the second fuel into the fuel rail based

upon the temperature of the fuel rail exceeding a threshold.

22. The method of claim 18, further comprising determining a temperature of the

fuel rail, and supplying the second fuel into the fuel rail based upon the temperature of the fuel rail

exceeding a threshold.

18
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