
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date

8 July 2010 (08.07.2010) WO 2010/077140 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
F02M 21/02 (2006.01) F02D 19/02 (2006.01) kind of national protection available): AE, AG, AL, AM,
F02D 19/06 (2006.01) F02M 43/02 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(21) International Application Number: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

PCT/NL2009/050812 HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

29 December 2009 (29.12.2009) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

(25) Filing Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(26) Publication Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data: (84) Designated States (unless otherwise indicated, for every

2002383 30 December 2008 (30.12.2008) NL kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

(71) Applicant (for all designated States except US): ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
VIALLE ALTERNATIVE FUEL SYSTEMS B.V. TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
[NIVNL]; Leemkuil 7, NL-5626 EA Eindhoven (NL). ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,(72) Inventor; and
(75) Inventor/Applicant (for US only): JAASMA, Servatius, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

ML, MR, NE, SN, TD, TG).
Alfons, Maria [NIVNL]; Finisterelaan 47, NL-5627 TE
Eindhoven (NL). Published:

(74) Agent: KETELAARS, Maarten; J.W. Frisolaan 13, — with international search report (Art. 21(3))
NL-2517 JS The Hague (NL).

(54) Title: FUEL SUPPLY SYSTEM AND METHOD FOR SUPPLYING FUEL TO A COMBUSTION CHAMBER

(57) Abstract: The invention concerns a fuel supply system
Fig 1 for injecting under high pressure at least a first and a sec

ond fuel in a combustion chamber (2-5) of a combustion
engine. The fuel supply system comprises a high pressure
rail ( 11) with an or a plurality of injectors for injection of
fuel into the combustion chamber (2-5). The fuel supply
system is arranged to, in a first state, inject under high pres
sure via the high pressure rail ( 11) a petrol to the combus
tion chamber (2-5) of the combustion engine. The fuel sup
ply system is arranged to, in a second state, inject under
high pressure via the high pressure rail ( 11) a liquefied
vapour, such as liquefied petroleum gas (LPG), to the com
bustion chamber (2-5) of the combustion engine. The fuel
supply system is also arranged to supply, in the second
state, liquefied vapour to the combustion chamber (2-5) via
an air inlet (32).



Fuel supply system and method for supplying fuel to a combustion chamber

The invention relates to a fuel supply system and a combustion engine comprising such

a system. The invention further relates to a method for supplying fuel to a fuel

combustion chamber. The invention in particular relates to systems in which a liquefied

gaseous fuel is applied.

A combustion engine is generally known. A combustion engine for petrol can also be

used for the combustion of a liquefied vapour, such as LPG. In an application, the so-

called BiFuel system, two fuel storages are provided, petrol and LPG, which are

connectable with the combustion chamber via a fuel supply system according to the

user's choice.

Internal combustion engines are delivered by car manufacturers, in particular for

passenger cars, fully assembled and ready. In current combustion engines, an LPG

mounting kit or built-in installation can be connected, so that a BiFuel-system is

obtained. In another embodiment a fuel supply system for liquefied vapour replaces the

original petrol fuel supply system completely and a single-fuel system is obtained.

The invention relates in particular to mounting kits or built-in systems that can be

connected to a petrol combustion engine and with which a single or bifuel LPG system

can be obtained.

It is known that a control unit controls the supply of the fuel mixture to the combustion

chamber, for example dependent on measurable parameters such as prevailing pressure

and temperature.

It is also known to provide internal combustion engines with a high pressure pump,

with which fuel can be brought to a high pressure, such as between 20 and 140 atm, in

order to be directly injected into the combustion chamber. The injectors can be part of a

high pressure rail which is fitted to the combustion engine. The high pressure rail is

located downstream from the high pressure pump.



It is a problem to make DI (Direct Injection) internal combustion engines with a fuel

supply system arranged for petrol work with liquefied gaseous vapour, such as LPG. It

is a problem that LPG has a combustion value per unit of volume of about 25% less

than the combustion value of petrol. High pressure pumps and injectors are controlled

by a control unit which is arranged/adjusted for the combustion of petrol. The original

control unit (configured for petrol) can adjust the volume flow rate of the high pressure

pump, but will cause a shortage of fuel for the desired combustion when petrol is

replaced by LPG.

It is known to bypass the control unit for combustion of petrol and/or to adjust the input

parameters thereof, in order to suck in a 25% increased volume. This solution has the

drawback that the specific adjustment system for the fuel of the combustion engine is

adapted and must be specifically adjusted for each combustion engine. This is work

intensive, and mistakes can easily occur during such built-in activities.

Furthermore, it is a problem with various DI engines that the high pressure pump

simply cannot deliver a sufficient volume flow rate to make LPG operation possible.

Therefore, it is a goal to provide an combustion system that is more simple. A possible

further goal is to provide a fuel supply system that is easier to build-in.

According to an aspect of the invention, a fuel supply system is provided in which use

is made of a high pressure pump and a high pressure rail comprising one or a plurality

of injectors of a combustion engine. The fuel supply system can comprise the standard

fuel supply system from the manufacturer of the vehicle, in particular the car, for

example because use is made of the high pressure pump and the high pressure rail that

have already been provided by the manufacturer of the vehicle.

The fuel supply system can, in a first state, supply a liquid fuel such as petrol or diesel

to the combustion chamber. In a second state, another fuel, such as liquefied gaseous

vapour, such as LPG, can be supplied to the combustion chamber. It is possible to

switch between the two states. The combustion chamber can further comprise an air

inlet, which can be connected to an inlet manifold. In an embodiment the air inlet and



fuel inlet are a single inlet. According to the invention, the fuel supply system is

arranged to also, in the second state, introduce fuel via the air inlet into the combustion

chamber. Thus in the second state fuel is also supplied to the combustion chamber via

the air inlet. This fuel supplied via the air inlet is supplied in addition, next to fuel that

is already supplied via the high pressure rail. In this manner, additional caloric value

can be introduced into the combustion chamber, in particular without eventual

adjustment of the volume flow of fuel into the high pressure rail.

In an embodiment, the fuel can be supplied to the inlet manifold in order to be supplied

to the combustion chamber via the air inlet. The additional LPG fuel necessary for

reaching the desired caloric value can be introduced into the combustion chamber via

the air inlet system.

The bi-fuel fuel supply system is in particular the result of building-in. The high

pressure pump and the high pressure rail of the original single-fuel vehicle, which are

arranged and configured to be used with a petrol fuel, can be used for supplying a

second fuel such as liquefied vapour such as LPG and wherein additional LPG is

supplied via the air inlet. Such a system can easily be built-in in existing combustion

systems.

It is noted that supplying additional fuel to the air inlet, would lead to an additional

explosion danger because of the presence of additional fuel, however the ratio of air

and additionally supplied fuel is so low that this danger does not occur. It is not obvious

to supply fuel to the combustion engine from an introduction point situated at a

distance from the combustion chamber, because of this potential danger of explosion.

According to an embodiment, the fuel supply system comprises a fuel supply channel

that is connected upstream with the fuel storage for liquefied vapour and downstream

with the air inlet of the combustion chamber. The fuel supply system is arranged for

simultaneously supplying liquid vapour to the high pressure rail and the air inlet.

It is noted that from WO 2006/079172 A l a fuel supply system for a gaseous fuel is

known. The known fuel supply system comprises a gate-injector and a direct injector.



However, this document does not disclose a solution for the problem that LPG has a

combustion value per unit of volume which is about 25% less than the combustion

value of petrol.

It is further noted that from JP 2001-132550 A a fuel supply system for a combustion

engine coupled to a dynamo is known. The here described system comprises a direct

injector connected to a high pressure pump. The here described internal combustion

engine has a bypass for supplying fuel via the air inlet when due to maintenance of the

high pressure pump this can temporarily not be used. The known fuel supply system

does not disclose supplying, in operating conditions, fuel to the combustion engine via

direct injection and via the air inlet.

Furthermore, from JP 2001-003774 A a combustion engine for gaseous fuel is known.

The here described fuel supply system has a precombustion chamber where gaseous

fuel is burned, after which it is transported to a combustion chamber. Fuel can be

supplied via the air inlet. However, this document also does not offer a solution to

compensate for the lower combustion value of LPG.

In an embodiment the fuel supply system or mounting kit according the invention

comprises a fuel storage for liquefied vapour such as liquid petroleum gas (LPG), in

addition to an already standard provided fuel storage for petrol. The fuel storage for

liquefied vapour can be connected to an inlet of the high pressure pump . Via the high

pressure pump the fuel can be brought into the high pressure rail and the injectors in

order to be injected into the combustion chamber.

In an embodiment the fuel supply system comprises a pump for the additional fuel. The

fuel supply system comprises in an embodiment a single pump for the additional fuel. It

is advantageous to admit the single pump in the fuel storage. The single pump is

capable of transporting the liquefied vapour from the fuel storage tank via a distribution

piece to the inlet of the high pressure pump. The fuel supply from the original fuel

storage also disperses into the distribution piece (a node).



In an embodiment a control unit is connected to the high pressure pump for controlling

the amount of fuel that is brought into the rail and combustion chamber via the high

pressure pump. This can be the original control unit, arranged for the supply of petrol to

the combustion engine.

The fuel supply of the additional fuel can be connected to a return line of the high

pressure pump. A part of the excessively supplied fuel to the high pressure pump can

then be supplied to the air inlet. This allows feeding an excess amount of fuel to the

high pressure pump.

In an another embodiment the second fuel is pumped directly from the (LPG) fuel

storage, in an embodiment with a single fuel pump, and as additional fuel brought into

the air inlet. The additional supply is then connected to the low pressure part of the fuel

supply system en can thus function independent from the fuel supply to the high

pressure pump.

In an embodiment the fuel supply system comprises a control unit that is arranged for

controlling the supply of fuel, such as liquid vapour, to the air inlet. In this manner, the

desired amount of additional fuel can provided via the air inlet.

The control unit for supplying fuel, such as liquefied vapour, to the air inlet can be a

second control unit . When the first control unit is an original control unit, the first

control unit need not be modified, and installing a second control unit suffices. The

second control unit can be adjusted as needed. By installing a second control unit, an

existing, original, fuel supply system can be adapted relatively easily.

Preferably the second control unit is synchronized with the control unit that is arranged

for controlling the high pressure pump, so that the amount of fuel that is supplied via

the air inlet is adapted to the amount of fuel that is supplied via the high pressure rail.

In an embodiment the second control unit has a connection with a pressure sensor, and

in particular with an air discharge sensor that can measure the prevailing pressure in the



respective parts. The additional fuel injection is preferably dependent on these

measured parameters.

In an embodiment the fuel supply system comprises a pressure sensor that is arranged

to measure the fuel pressure in the high pressure rail, and that is connected to the

control unit that is arranged to control the high pressure pump for supplying a signal

representative of the measured pressure to that control unit.

In an embodiment the fuel supply system comprises a pressure sensor that is arranged

to measure the pressure in an exhaust of the combustion chamber, and that is connected

to a control unit that is arranged for controlling the high pressure pump for supplying a

signal representative of the measured pressure to that control unit.

In the second state the fuel supply system can be arranged to supply liquefied vapour to

both the high pressure rail and the air inlet in a ratio between 2:1 and 6 :1. A relatively

large part of the liquefied vapour is supplied via the high pressure rail. A relatively

smaller, additional part of the liquefied vapour is supplied to the combustion chamber

via the air supply. The volume of fuel supplied via the additional fuel supply has a

value preferably between 25% (ratio 4:1) and 40% (ratio 2.5:1) volume of the volume

flow rate that is supplied via the high pressure pump . With this, the 25% shortage of

caloric value is supplemented. The volume of supplied additional fuel is preferably

about 33% (ratio 3:1).

The ratio of the mixture air/fuel that is guided into the combustion chamber via the air

inlet, is preferably at least 45 :1, in an embodiment preferably at least 50:1 and

preferably at least 55:1. This further minimizes the danger of combustion in the air

inlet.

The supply of the additional fuel in the air inlet preferably takes place through the

means of an injector, in particular via an controllable injector that is connected to an

additional fuel control unit. The supply of the additional fuel can preferably be

synchronized with the fuel supply via the high pressure rail.



In an embodiment the fuel supply system comprises a switching unit for switching

between the first and the second state of the fuel supply system.

A problem with the use of one high pressure pump for two different fuels is that when

switching over between kinds of fuel, in particular when switching over from liquid

vapour to petrol, liquefied vapour is present in the high pressure pump. The liquefied

vapour in the high pressure pump has a relatively high pressure. A petrol pump that

pumps that fuel from a petrol storage tank to the high pressure pump, cannot raise the

pressure of the petrol sufficiently high to sufficiently displace the gaseous vapour from

the high pressure pump. This makes it impossible to switch to and run the combustion

engine on petrol. With this, switching over from the second state to the first state is

made more difficult. To reduce this problem, or to even prevent it, the fuel supply

system comprises an expansion unit for letting liquefied vapour present at a suction

side of the high pressure pump expand into the petrol supply channel when switching

from the second state to the first state. Expansion of the liquefied vapour lowers the

pressure of the fuel in the supply lines. With this, the petrol supply pump can raise the

pressure of the petrol from the fuel storage sufficiently in order to supply it to the high

pressure pump.

In an embodiment the expansion unit comprises a bypass channel over a one-way valve

in the petrol supply channel, wherein the bypass channel is provided with an adjustable

valve. With the adjustable valve the one-way valve in the petrol supply channel can be

bypassed, and the part downstream of the one-way valve can expand to the part

upstream from the one-way valve, so that the pressure downstream of the one-way

valve will be reduced.

The expansion unit can also comprise a return line connected to the high pressure pump

and connected to the fuel supply, wherein the return line is provided with an adjustable

valve. Such an embodiment ensures that when the adjustable valve is opened a

relatively large short-circuited system is created, such that fuel at a high pressure can

mix with fuel at a low pressure, causing the pressure to be reduced. The size of the

short-circuited system determines to a large extent the pressure reduction in the fuel

supply.



According to an aspect an combustion engine is provided, comprising a fuel supply

system according the invention.

According to another aspect a mounting kit is provided for a fuel supply system of a

combustion engine with high pressure injection, wherein the mounting kit comprises a

fuel storage for liquefied vapour, a fuel supply channel connectable to the fuel storage

for liquefied vapour and to a high pressure pump, for supplying fuel from the fuel

storage to the high pressure pump, wherein the mounting kit is connectable to the fuel

supply system in order to obtain a fuel supply system for injecting at least two fuels in a

combustion chamber of the combustion engine. The mounting kit according the

invention comprises a second fuel supply channel with a connection connectable to the

air inlet of the combustion engine. With the mounting kit an existing fuel supply system

of a vehicle can be made suitable for use with at least two fuels. Properties and

advantages of the fuel supply system obtained with the mounting kit have already been

described above.

In an embodiment, the second fuel supply comprises an injector for bringing in

liquefied vapour in the air inlet.

The mounting kit can also comprise a built-in control unit that is arranged for

controlling the supply of liquefied vapour via the second fuel supply to the air inlet.

The built-in control unit can be the second control unit of the fuel supply system, which

can be installed in addition to a first, original control unit.

The injector in the second fuel supply is preferably a controllable injector which can be

operated under the control of the built-in control unit.

The built-in control unit is connectable to and arranged to cooperate synchronously

with a control unit that is arranged for operating the high pressure pump.

The built-in control unit can be arranged to cooperate synchronously with the control

unit arranged to operate the high pressure pump in such a manner that a ratio between



fuel supply via the high pressure rail and fuel supply via the air inlet lies between 2:1

and 6:1.

In an embodiment the second fuel supply is connectable to a return line of the high

pressure pump.

The mounting kit can comprise a return line which is connectable to the fuel storage

and wherein the second fuel supply is connectable to the return line.

According to a further aspect a method is provided for making a combustion engine

with a high pressure pump suitable for combustion of a second fuel, additional to a first

(original) fuel. The method comprises the steps of providing a mounting kit as

described above; coupling the first fuel supply channel with the fuel storage for

liquefied vapour and connecting the first fuel supply channel to a inlet side of the high

pressure pump; connecting the second fuel supply channel to an air inlet of the

combustion engine.

According to another aspect a method is provided for supplying at least two fuels to a

combustion chamber of a combustion engine with high pressure injection. The method

comprises according to an embodiment providing two different fuels, supplying the

first fuel under pressure to the combustion chamber in a first state, supplying the

second fuel under pressure to the combustion chamber in a second state, and switching

between the first state and the second state. The method further comprises additionally

supplying the second fuel in the second state to a combustion chamber via an air inlet.

According to an embodiment additional fuel is supplied to the combustion chamber via

the air inlet. With this it is possible to let the supply of the fuel be controlled according

to a predetermined adjustment, while additional fuel can be added via a second inlet. In

particular fuel is injected into the manifold and/or in the air inlet. The additional fuel

can be supplied in order to compensate for the difference in caloric value between the

two fuels.

In an embodiment, the method comprises supplying liquefied vapour to the combustion

chamber via the air inlet in the second state of the combustion engine. The supply to the



combustion chamber takes place by injecting the fuel under a pressure of at least 2

MegaPascal. One or more parameters for supplying the fuel are controlled, for example

with a control unit. For example, the pressure and the amount of fuel are controlled.

The invention will be further described in connection with the provided drawing, in

which:

Figure 1 is a schematic view of an embodiment of the fuel supply system.

Figure 2 is a schematic view of a second embodiment of the fuel supply system.

Figure 1 schematically shows a fuel supply system 1. A first fuel storage 50 is a petrol

storage tank. This can be the original fuel storage of the fuel supply system 1. The first

fuel storage is connected via a channel 51 with a one-way valve 52 and eventually with

an inlet 13 of a high pressure pump 12. Here the fuel is brought to high pressure and

guided via a channel to high pressure rail 11 to be injected into the combustion

chamber 2-5.

A control unit 16 is connected to a high pressure pump 12 and is capable to control

(optimized) this in such a manner that exactly the right amount of first fuel

corresponding to the wish of the user is supplied to the pump 12 and brought into the

combustion chamber 2-5 via the high pressure rail. Thereby the engine runs without

return of the first fuel to the storage tank.

In a bi-fuel fuel system liquefied vapour such as LPG forms the second fuel for a

combustion engine 6 and this will be supplied via a fuel supply system 1 to the

combustion chambers 2-5.

In a first state fuel is guided from fuel storage tank 50 to the combustion chambers and

in a second state fuel from fuel storage tank 20 is guided to the combustion chambers

2-5. It is possible to switch between the states.



The liquefied vapour is admitted in a suitable fuel storage 20 such as an LPG tank. The

skilled person will be familiar with various embodiments for such a fuel storage tank.

The fuel storage tank is part of the vehicle.

The second fuel is supplied to the combustion chambers 2-5 of the schematically

depicted combustion engine 6 . In the shown embodiment the combustion engine 6 is a

four cylinder combustion engine. Combustion engine 6 is a high pressure combustion

engine, wherein each cylinder 2-5 is provided with an injector 7-10 that is connected

via the high pressure rail 11 with the discharge side 2 1 of the high pressure pump 12.

An inlet side 13 of the high pressure pump is connected to a supply channel 23 which is

connected to an outlet 14 of the fuel storage 20. In the supply channel 23 a one-way

valve 15 is admitted so that the return of fuel via supply channel 23 is prevented.

The fuel supply channels 23 and 5 1 meet each other in node 53.

The high pressure pump 12 is connected to a schematically depicted control unit 16 that

is arranged to control the pressure in the high pressure rail 11 and thus the pressure of

the supplied fuel. A control unit 16 can comprise a memory that contains a

predetermined algorithm with which control unit 16 is capable to control the amount of

fuel to be supplied and the pressure at which this is brought, by operating the high

pressure pump in a suitable manner. With this the control unit 16 is capable to vary at

least one of a plurality of parameters of the fuel supplied to the combustion chamber.

In the shown embodiment a suitable pressure sensor 18 is provided in high pressure rail

11. This is connected via an electronic connection 17 to control unit 16. As such, the

control unit can receive information from the caused pressure in the high pressure rail

11 and can use this information to adjust for example the reduced volume flow rate via

supply 13 of high pressure pump 12.

Not shown, but known to the skilled person, is the application of a second pressure

sensor in the exhaust of the combustion chambers 2-5, which pressure sensor can also

be connected with the control unit 16, wherein the control unit 16 on the basis of



data/signals regarding the pressure in the discharge supplied by the second pressure

sensor can adjust and control the control of the high pressure pump 12.

A suitable high pressure pump 12 is arranged to control the volume flow rate in order

to provide the desired pressure in the high pressure rail 11. The control unit 16 in a

passenger car is optimized by the manufacturer for combustion of petrol. When

applying a fuel storage 20 with LPG, a volume of fuel will be supplied to the

combustion chamber that has 25% less caloric value than a comparable amount of

petrol fuel.

In the shown embodiment the high pressure pump comprises a return line 19 which can

return fuel to the fuel storage 20 for LPG. In the return line a throttle valve 30 can be

admitted.

In the shown embodiment an additional fuel injector 31 is connected to the return 19

for injecting 36 additional fuel into the air inlet 32 of the respective combustion

chambers 2-5. The air inlet 32 is connected with a manifold 33. The manifold

discharges into the four combustion chambers 2-5. Via a schematically depicted inlet

36 air can be sucked in to be brought into the combustion chamber.

With dotted lines the additional supply 55 is connected with the supply channel 23. In

the additional supply a pump 56 can be admitted. This pump 56 can be connected to

control unit 34 for controlling the pumping capacity of the pump 56. This has the

further advantage that the LPG can reach the additional inlet unheated. This is

particularly advantageous when hot-starting.

The schematically shown additional fuel injector 3 1 is connected to an additional fuel

control unit 34 with which the amount of fuel that is injected into the air inlet 32 is

controlled. This control unit 34 can also be connected to pressure sensor 18 (not

depicted) and/or to the not shown pressure sensor that is coupled to an exhaust of the

combustion chambers 2-5.



The fuel control unit 34 can be an LPG control unit or can be an integrated part of an

LPG control unit. In another embodiment next to the control unit 16 and 34 an LPG

control unit is present (not shown in the figure).

With the additional fuel supply system 25% of additional fuel can be supplied to the

combustion chamber with which the shortage of caloric value of the supplied LPG can

be compensated.

The LPG control unit 34 can calculate the controlling time for the additional injector as

follows. Either from the petrol control unit 16 or via a measurement from one or more

sensors, the LPG control unit obtains information from which can be determined which

amount of energy the petrol control unit would have wanted to supply to the

combustion chamber per injection. From this the LPG control unit 34 can calculate

which portion in caloric value is missing. The missing volume can via the additional

injector be supplied to the combustion chamber. A further advantage of the

embodiment is that the additional fuel supply via the air inlet 32 takes place at a

distance of the combustion engine 6 at a location where the temperature is considerably

lower than the temperatures that prevails in the combustion engine. The temperature of

the fuel in the high pressure rail 11 can increase to more than 90°, in particular when a

running motor has cut out. The fuel present in the high pressure rail will in the case of

LPG evaporate so that the "hot-starting " can be problematic. When hot-starting, the

fuel control unit 16 will supply an amount of fuel to the engine that is unsuitable for

LPG operation. Fuel supply via the air inlet can still take place at a lower temperature,

making this hot-starting easier.

In an embodiment a signal from control unit 16 is used for controlling the supply, and

in particular of injector 31, of fuel to the air inlet. A converter for adjusting the output

signal of the control unit 16 can be placed between the control unit 16 and the injector

3 1 for converting the signal emitted by control unit 16 into a usable signal.

In the shown embodiments, control units 34 and 16 are connected to each other via a

connection 38. With this it is possible to synchronize the control units and can the



introduction of liquefied vapour in the respective injectors take place in synchronized

fashion.

The ratio between volumes that are supplied via supply 2 1 respectively via supply 32

into the respective combustion chambers 2-5 lies between 2 and 6, preferably between

2 and 4 . In an advantageous embodiment, per litre liquefied vapour that is supplied via

high pressure rail 11 approximately 0.33 litre liquefied vapour is supplied via the air

inlet. The ratio air : injected fuel 35 that is supplied to the combustion chamber via the

manifold is at least 50:1 and preferably at least 55:1.

In a further embodiment the high pressure pump 12 is preferably controlled in such a

manner that the high pressure in the high pressure rail is at least 4 MegaPascal.

Through this the prevailing pressure will be above the critical point of propane (main

constituent of LPG) so that gaseous and liquid forms are no longer distinguishable and

the evaporation of the fuel is no longer problematic.

A minimum pressure above a certain critical pressure/temperature of the (main)

constituents of the liquefied vapour prevents the supply of evaporated liquefied vapour.

In an embodiment, the LPG control unit 34 is connected to the high pressure pump

and/or the high pressure rail. In an embodiment the LPG control unit can be connected

to the sensors that read parameters of physical properties in the high pressure rail. Thus

it is possible for the LPG control unit 34 to perform a manipulation, to ensure that the

pressure in the high pressure rail 11 does not decrease below the critical value, so that

vapour and liquid phase cannot occur simultaneously. In this embodiment the regular

petrol control unit 16 receives a manipulated signal, which in this situation is

representative of a pressure that is lower than the actual rail pressure. The petrol control

unit 16 will thus artificially increase the pressure, until a pressure above the critical

point is obtained.

The mounting kit for converting a combustion engine 6 into an engine that can (also) be

used for the combustion of LPG comprises a tank 20, a number of lines and a supply

that can be connected to the air inlet 32 of the combustion chambers. This is for

example injector 31.



In an embodiment the air inlet can also comprise a compressor. With this a turbo

function is obtained.

Schematically shown is the connection 37 of the second fuel supply channel, and in

particular of the injector, to the air inlet. In the outer wall of the air inlet a hole can be

drilled. With this the connection 37 can engage. Thus a good connection for supplying

the second fuel to the air inlet becomes possible.

Although the invention has been shown on the basis of an embodiment, multiple

embodiments are possible within the frame of the invention.

Building-in the fuel supply system according the invention is particularly easy because

the new fuel storage is to be connected to the present high pressure pump, while an

additional connection is made with the air inlet or manifold of the combustion engine.

The number of required parts of the mounting kit is particularly low, while a system is

obtained that is optimized for a high pressure direct fuel injection for the respective

combustion engine, while the built-in system is usable for multiple different

combustion engines.

Figure 2 schematically shows another embodiment. Herein over a one-way valve 100 in

a petrol supply line 101, which is arranged to prevent the return of a fuel to the petrol

tank 50, a bypass is applied in the form of adjustable valve 102. During of just before

switching over the pressure of LPG on the suction side 13 of the high pressure pump 12

is higher than the pressure that can be created with petrol pump 54.

When switching over, valve 20 is closed and valve 102 opened. By opening valve 102

during switching over it is allowed that the LPG present at the suction side 13 can

expand somewhat through a, preferably large, part of the petrol supply line 101.

In the shown example, the LPG expands until one-way valve 103 which is located close

to or on tank 50. In the shown example the fuel pump 54 is admitted in the tank 50.



However, the pump may also be placed outside the tank. The expansion of LPG in the

first fuel supply line 101 is preferably allowed until just downstream of pump 54.

The LPG will mix with the supplied first fuel. The inventor has surprisingly discovered

that the mixture of LPG with petrol in the petrol supply line has a vapour pressure

which is still manageable within the petrol system, which mixture can be supplied to

high pressure pump 12. The opening of valve 102 can be advantageously timed,

preferably just before petrol starts to build-up before one-way valve 100.

In the bypass line 105 (which bypasses one-way valve 100) which is accessible for gas

after the switching over has started and valve 102 is opened, the vapour will spread

itself over a larger part of the supply lines. In addition, in the bypass line 105 a

circulation supporting pump 104 can be admitted. The bypass 105 connects a point just

upstream of valve 102 with a node in the supply system just downstream of a one-way

valve 103. The circulation pump 104 is arranged to cause an artificial circuit of fuel,

wherein present, just before switching over, having a higher pressure, LPG mixes with

the newly supplied petrol fuel. This mixing under influence of pump 104 prevents the

forming of LPG pockets, which could lead to a less supple running of the engine.

Valve 102 and pump 104 can be connected to the additional control unit 34. When

switching over, the control unit 34 can open valve 102 and after some time close it.

In an embodiment the fuel supply system comprises a distribution piece. Part of this

distribution piece can be node 53, one-way valves 15, 100 and valve 102. This

distribution piece is part of a mounting kit.

The adjustable valve is connected to a control unit. The control unit comprises a

controllable switch for switching over the fuel supply. The control unit is arranged to

open the adjustable valve when switching over from LPG to petrol.



CLAIMS

1. Fuel supply system for injecting under high pressure at least a first and a second fuel

in a combustion chamber of a combustion engine, comprising a high pressure rail ( 11)

with an or a plurality of injectors (7-10) for injection of fuel into the combustion

chamber, wherein the fuel supply system is arranged to, in a first state, inject under

high pressure via the high pressure rail ( 11) a petrol to the combustion chamber of the

combustion engine, and wherein the fuel supply system is arranged to, in a second

state, inject under high pressure via the high pressure rail ( 11) a liquefied vapour, such

as liquid petroleum gas (LPG), to the combustion chamber (2-5) of the combustion

engine, wherein the fuel supply system is also arranged to, in the second state, supply

via an air inlet (32) liquefied vapour to the combustion chamber (2-5).

2 . Fuel supply system according to claim 1, comprising a fuel storage (50) for petrol

and a fuel storage (20) for liquefied vapour connected via a channel with a high

pressure pump (12), of which a high pressure discharge is connected to the high

pressure rail ( 11), and wherein a control unit is arranged to control the high pressure

pump (12).

3 . Fuel supply system according to claim 2, wherein the air inlet (32) is connected to a

return line (19) of the high pressure pump (12), which return line (19) is connected to a

fuel storage (20) for liquefied vapour.

4 . Fuel supply system according to claim 2 or 3, wherein the fuel supply system

comprises a control unit (34) that is arranged to control the supply of fuel to the air inlet

(32).

5 . Fuel supply system according to claim 4, wherein the control unit (34) which is

arranged to control the supply of liquefied vapour to the air inlet (32) is a second

control unit, next to a control unit (16) for petrol, wherein the second control unit (34)

is synchronized with the control unit (16) that is arranged to control the high pressure

pump (12).



6 . Fuel supply system according to any of the claims 2-5, wherein the fuel supply

system comprises a pressure sensor (18) which is arranged to measure the fuel pressure

in the high pressure rail ( 11), and which is connected to the control unit (16) which is

arranged to control the high pressure pump (12) for supplying to that control unit (34) a

signal representative of the measured pressure.

7 . Fuel supply system according to any of the claims 2-6, wherein the fuel supply

system comprises a pressure sensor (18) that is arranged to measure pressure in an

exhaust of the combustion chamber and which is connected to the control unit (16) that

is arranged to control the high pressure pump (12) for supplying to that control unit

(16) a signal representative of the measured pressure.

8. Fuel supply system according to any of the previous claims, wherein the fuel supply

system in the second stat is arranged to supply liquefied vapour to the high pressure rail

( 11) and to the air inlet (32) in a ratio that lies between 2:1 and 6:1.

9 . Fuel supply system according to any of the previous claims, wherein the fuel supply

system in the second state is arranged to supply a mixture of air/fuel to the air inlet (32)

with a mixing ratio of at least 45;1, in an embodiment at least 50:1 and preferably at

least 55:1.

10. Fuel supply system according to any of the previous claims, wherein the fuel supply

system comprises an injector (31) for bringing in liquefied vapour into the air inlet (32).

11. Fuel supply system according to any of the previous claims, comprising a switching

unit for switching between the first and the second state of the fuel supply system.

12. Fuel supply system according to claim 11, wherein the switching unit is connected

to an expansion unit (102, 104, 105) for, when switching from the second state to the

first state, letting liquefied vapour present at a suction side of the high pressure pump

(12) expand in (a part of) the petrol supply channel.



13. Fuel supply system according to claim 12, wherein the expansion unit comprises a

bypass channel (105) over a one-way valve (100) in the petrol supply channel (101),

wherein the bypass channel is provided with an adjustable valve (102).

14. Combustion engine (6) comprising a fuel supply system according to any of the

previous claims.

15. Mounting kit for a fuel supply system of a combustion engine with high pressure

injection, wherein the mounting kit comprises a fuel storage (20) for liquefied vapour, a

with the fuel storage for liquefied vapour and with a high pressure pump connectable

fuel supply channel (23) for supplying fuel from the fuel storage to the high pressure

pump, wherein the mounting kit is connectable to the fuel supply system in order to

obtain a fuel supply system for injecting at least two fuels in a combustion chamber (2-

5) of the combustion engine, wherein the mounting kit comprises a second fuel supply

channel with a connection (37) connectable to an air inlet (32) of the combustion

engine.

16. Mounting kit according to claim 15, wherein the second fuel supply comprises an

injector (3 1) for bringing in liquefied vapour into the air inlet (32).

17. Mounting kit according to claim 15 or 16, comprising a built-in control unit (34)

which is arranged to control the supply of liquefied vapour via the second fuel supply

to the air inlet (32).

18. Mounting kit according to claim 16 and 17, wherein the injector (31) is a

controllable injector which is operable under the control of the built-in control unit

(34).

19. Mounting kit according to claim 17 or 18, wherein the built-in control unit (34) is

connectable to and arranged to cooperate simultaneously with a control unit (16) that is

arranged to control the high pressure pump (12).



20. Mounting kit according to claim 19, wherein the built-in control unit (34) is

arranged to cooperate synchronously in such a manner with the control unit that is

arranged to control the high pressure pump (12) that a ratio between supply of fuel via

the high pressure rail ( 11) and supply of fuel via the air inlet (32) lies between 2:1 and

6:1.

21. Mounting kit according to any of the claims 15-20, wherein the second fuel supply

is connectable to a return line (19) of the high pressure pump.

22. Mounting kit according to any of the claims 15-21, wherein the Mounting kit

comprises a return line (19) that is connectable to the fuel storage and wherein the

second fuel supply is connectable with to return line.

23. Method for making a combustion engine with a high pressure pump (12) suitable

for combustion with a second fuel, wherein the method comprises the steps of:

- Providing a mounting kit according to any of the claims 15-22;

- Coupling the first fuel supply channel to the fuel storage for liquefied vapour and

connecting the first fuel supply channel to an inlet side of the high pressure pump (12);

- Connecting the second fuel supply channel to an air inlet (32) of the combustion

engine.

24. Method for supplying at least two different fuels to a combustion chamber (2-5) of

a combustion engine with high pressure injection, comprising providing two different

fuels, supplying under pressure the first fuel to the combustion chamber (2-5) in a first

state, supplying under pressure the second fuel to the combustion chamber (2-5) in a

second state, switching between the first state and the second state, wherein the method

in the second state of the combustion engine further comprises supplying the second

fuel to a combustion chamber (2-5) via an air inlet (32).

25. Method according to claim 24, wherein in the second state of the combustion

engine liquefied vapour is supplied to the combustion chamber (2-5) via the air inlet

(32).
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