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Fuel supply system and high-pressure pump for combustion engine

The invention relates to a fuel supply system for supplying a fuel such as liquid

petroleum gas (LPG) under high pressure to a combustion chamber. The invention also

relates to a high-pressure pump for combustion engine.

DE 10 2005 054 451 discloses a fuel supply system, in which the high-pressure pump

is provided with a leak on the low-pressure part for cooling the pump by means of the

supplied fuel, LPG, during use.

It is a problem with the known fuel supply systems that when the combustion engine,

and thus the fuel supply system, is switched off, the LPG present in the fuel lines can

heat up.

JP 2003056410 discloses a fuel-injection system which, as in the present invention,

uses a low-pressure pump which is situated in or near the tank for the fuel and a high-

pressure pump which is arranged near the engine. In this Japanese document, fuel is

recirculated from the low-pressure part of the high-pressure pump.

Due to evaporation, restarting, in particular starting after a short interval of

approximately a quarter of an hour, may be difficult because of the vapour which is

present. It has been found that the system as described in JP 2003056410 does not

guarantee an engine will start in all circumstances.

It is an object of the invention to provide a system in which this problem has been

reduced and an engine can start directly in all circumstances.

This object is achieved according to the invention with the features of Claim 1.

According to the present invention, fluid is caused to circulate in the high-pressure part

of the high-pressure pump. It has been found that the formation of gas from liquid LPG

can not only take place in the low-pressure part, but also in the high-pressure part, that

is to say in the high-pressure chamber of the high-pressure pump, the lines to the

injectors and inside the injectors. Until now, it was thought that the pressure in this part



would be sufficiently high to prevent the formation of gas there and thus to prevent

blockage of the system.

According to the present invention, gaseous constituents have been removed from the

high-pressure chamber of the high-pressure pump by flushing it. Such flushing is

(partly) effected by means of the upstream low-pressure pump.

According to an embodiment of the invention, the fuel supply system is provided with a

discharge unit for discharging fuel which is present therein, in particular fuel vapour,

between the high-pressure chamber and the combustion chamber. Since fuel can be

discharged from the high-pressure parts of the fuel system, it is possible to remove fuel

vapour from those parts in order to improve the performance during start-up.

According to one aspect, the discharge unit is at least arranged to discharge fuel from

those parts of the fuel supply system which are situated downstream of the high-

pressure pump in a non-operative or non-fuel-consuming state of the combustion

engine. Discharging takes place while the internal combustion engine is not running

and no combustion is taking place. Discharging takes place, in particular, just before

the combustion engine is started up again. In one embodiment, the discharge unit is

designed to discharge vaporous fuel from the high-pressure chamber at least before or

during start-up.

In a particular embodiment, the discharge device only operates temporarily. This is

achieved by means of a control unit. It is particularly expedient to switch the discharge

unit on during the pre start phase. In a particular embodiment, a processing unit of the

fuel system is connected to the discharge unit in order to switch the latter on and off

during the pre start phase. The pre start phase can be determined by means of a suitable

actuator, for example connected to a door system of the vehicle in which the internal

combustion engine is fitted. When the door system is opened from the closed state, this

is an indication that the internal combustion engine will possibly be used in the near

future and this indication can be used to start the pre start phase. The pre start phase can

be switched on for a limited time. According to the invention, the pre start phase



comprises discharging the fuel which has become vaporous from the high-pressure

chamber.

According to an aspect, the discharge unit is embodied to discharge the fuel from the

high-pressure chamber of the high-pressure pump. Due to the fact that a dedicated

discharge unit is provided for the discharging of fuel vapour from the high-pressure

chamber, the high-pressure chamber can be cleared of any vapour present, which is

replaced with or flushed with liquid petroleum gas. It has been found that in particular

the gas which is present in the high-pressure chamber leads to the starting problems

mentioned above and that a discharge unit which is suitable for the purpose

significantly reduces the starting problems.

In an embodiment, the discharge unit is connected to the fuel supply. The discharge

unit thus forms a return for the fuel. The vaporous fuel can be fed back to the fuel

supply.

According to a further advantageous embodiment of the present invention, a non-return

valve is provided in the connection between the discharge unit and the various injectors

which functions in such a way that pressure which has built up downstream of the

discharge unit and the non-return valve does not drop, or does so to a lesser degree,

when the pressure in the discharge unit according to the present invention is reduced, as

a result of which it is not necessary to fill the lines (fuel part and injectors) again.

In an embodiment, the discharge unit is embodied to set the resistance of the

discharging aperture in a controllable manner. In particular, choking of the discharging

aperture can be adjusted. A particular embodiment comprises a closable discharging

aperture which results in an adjustable discharge unit which can have various operating

modes. Thus, it becomes possible in particular to cause the discharge unit to operate

differently during start-up of the internal combustion engine than at other times. In

particular, the resistance in the discharging aperture is reduced during or before the

start-up, in particular during the pre start phase.



In an embodiment, the high-pressure pump has a non-return valve which is arranged

downstream of the high-pressure chamber, the non-return valve being connected to a

control unit for thereby actuating the non-return valve. In particular, it is possible to

produce a non-return valve which operates differently during the pre start or start-up of

the engine than during normal use of the fuel supply system and the combustion engine.

The non-return valve is embodied to generate a certain pressure with the high-pressure

pump and only allow fuel through, downstream to the high-pressure rail, when the

preset pressure has been reached, in particular by the pump action in the high-pressure

chamber. According to the invention, this non-return valve can be controlled in such a

manner that this valve is opened during the pre start or start-up. This makes it possible

to discharge the gas present in the high-pressure chamber.

In another embodiment, the discharge unit is arranged upstream from the non-return

valve. As a result thereof, a leak from the high-pressure chamber is present. Any

vapour present can be discharged from the high-pressure chamber during the pre start

phase of the start-up.

It is advantageous to also provide a return line which is connected to the low-pressure

part of the high-pressure pump and connected to the fuel supply. As a result thereof, it

is possible to provide a fuel system which is embodied for supplying a certain volume

of fuel to the high-pressure pump, while the high-pressure pump is embodied for

pumping a smaller volume, and the remaining volume can be discharged via the return

line of the high-pressure pump.

In a particular embodiment, the discharge unit comprises a discharge line which is

connected to the return line.

It is furthermore advantageous if the discharge unit comprises a three/two valve. The

three/two valve is a controllable valve which has two operating modes. In the first

mode, flow from the low-pressure part to the fuel supply is prevented and flow through

the discharge line to the fuel supply is allowed. In the second mode, flow from the low-

pressure part to the fuel supply is allowed, while flow through the discharge line to the

fuel supply is prevented. In particular, flow from the low-pressure part is throttled in



the second mode. This results in a controllable system, in which during, for example,

the start-up phase or pre start phase, the discharging of vapour from the high-pressure

part, in particular the high-pressure chamber of the pump, is possible, while in the

normal mode only purging from the low-pressure part is allowed. The controllable

valve, preferably the 3/2 valve, ensures that the discharge unit can be switched on/off

This switching on/off and the switching between the modes of the controllable valve

can take place just before or during start-up of the combustion engine.

According to a further embodiment, the discharge unit comprises a leak opening which

is connected to the high-pressure chamber and is embodied to allow a continuous flow

of liquid vapour through the high-pressure chamber during operation of the combustion

engine.

Various embodiments are possible without departing from the scope of the invention.

The scope of protection is by no means limited to the illustrated embodiments.

Although the invention will now be described with reference to the attached claims, the

scope of protection is by no means only limited to the embodiments according to the

claims. Other (partial) aspects of embodiments which have been illustrated in the

present application and in which an isolated advantage is indicated or obviously present

may be the subject of divisional patent applications.

The invention will be described further with reference to the attached drawings which

show examples of embodiments of methods and devices according to the invention, in

which:

Fig. 1 shows a diagrammatic view of a fuel supply system according to a first

embodiment;

Fig. 2 shows a diagrammatic view of a second embodiment of a fuel supply system

according to the invention;

Fig. 3 shows a diagrammatic view of a third embodiment of a fuel supply system

according to the invention; and

Fig. 4 shows a cross-sectional view of an embodiment of a high-pressure pump

according to the invention.



Fig. 1 diagrammatically shows a fuel supply system 1. Via suitable lines, the fuel is

finally supplied to the combustion engine 2 which has four combustion chambers 3-6 in

the illustrated embodiment. The arrangement of the combustion chamber with pistons

and the like will be known to those skilled in the art.

Each combustion chamber 3-6 is connected to the high-pressure rail 7, illustrated

diagrammatically, and may comprise injectors (not shown). Via lines 8 and 9, the high-

pressure rail is connected to an outlet 10 of high-pressure pump 11 which is illustrated

diagrammatically. The high-pressure rail may also be directly connected to the outlet

10.

High-pressure pump 11 is embodied to bring the fuel supplied to inlet 12 to a suitable

high pressure, for example 40, preferably 50 bar and higher, and supply it to the HP-rail

7 for injection into the combustion chamber.

The high-pressure pump 11 can be controlled by a fuel control unit 24, such as an ECU,

so that a suitable amount of fuel is taken to the high-pressure rail 7 and thus into the

combustion chambers 3-6. The ECU 24 may be connected to the injectors. The

electronic connection 22 is illustrated diagrammatically.

In an embodiment, the flow rate of the high-pressure pump 11 is adjustable. In one

embodiment, the outlet pressure of the high-pressure pump 11 is adjustable. In one

embodiment, the ECU can control these parameters of the high-pressure pump 11.

Via a non-return valve 13 and line 14, inlet 12 of the high-pressure pump 11 is

connected to a controllable valve 15 and, via a further line 16, to the inside of a fuel

supply 17 which includes a pump 18.

In a preferred embodiment of the invention, the fuel supply 17 is a liquid petroleum gas

container (LPG tank) 17 which is kept under pressure.



The controllable valve 15 is, for example, also connected to a central control unit 24, in

this case via a diagrammatically illustrated connection 23. By means thereof, the

amount of fuel to be dispensed by the fuel supply to the combustion chambers 3-6 is

controlled in accordance with the wishes of the user.

According to an aspect of the invention, the illustrated fuel supply system 1 is provided

with a diagrammatically illustrated discharge unit 20 which is connected to a part of the

fuel supply system downstream of the high-pressure pump 11, in the illustrated

embodiment to the line 8, 9 between the high-pressure pump 11 and the high-pressure

rail 7 .

In another embodiment, the discharge unit 20 may be directly connected to the high-

pressure pump 11 and/or be part thereof, and in another embodiment, the discharge unit

20 may be directly connected to and form part of the high-pressure rail 7 .

It is possible to discharge part of the fuel to the outlet 10 of the high-pressure pump 11,

that is to say the high-pressure part of the fuel system 1, via the discharge unit 20.

The discharge unit 20 is embodied to discharge fuel vapour.

Such discharging may take place, for example, temporarily.

In one embodiment, fuel vapour may be present in the high-pressure part of the fuel

system 1. This occurs in particular after the engine 2 has been switched off and the heat

present in the parts of the fuel supply system of the combustion engine will evaporate

the liquidized vapour by heating. If attempts are then made to start the engine 2 again,

for example after a pause of 10 or 15 minutes, these will hardly be successful, if at all,

due to the vapour which is present in the high-pressure rail 7, lines 8, 9 and in the high-

pressure part of the high-pressure pump 10.

According to the invention, preferably a short process, that is to say lasting a few

seconds, is carried out in order to partially discharge the fuel vapour which is present.

Discharge unit 20 is switched on for this limited period of time. In one embodiment,



fuel is taken to the high-pressure pump 11 and transferred by pumping. At the same

time, discharge unit 20 is opened and the fuel which is present in the lines 8, 9 and

high-pressure rail 7 can be discharged via the discharge 20 in order to be replaced, for

example by flushing, with new fuel, liquid, from the fuel supply 17.

In an embodiment, the discharge unit 20 is also embodied to discharge liquid fuel from

the high-pressure parts of the fuel supply system 1.

It has been found to be particularly problematic to eliminate the vapour present in the

pump 11, in particular the fuel vapour which is present in the high-pressure part of the

high-pressure pump 11, during start-up. Especially the vapour present in the high-

pressure pump and in particular in the high-pressure part of the pump was found to be

difficult to flush out with new fuel. By now providing a discharge unit 20 by means of

which, at low resistance, the vapour is given a discharge, new fuel can be introduced

into the high-pressure chamber of the high-pressure pump 11 and then pumped to the

high-pressure part.

In an embodiment of the invention, discharge unit 20 can also be switched on during

"normal" operation of the internal combustion engine 2 (that is to say supply fuel for

combustion) and fuel supply system 1. When high-pressure pump 11 is set to pump a

greater volume of fuel than is required, this excess of fuel can be removed from the

high-pressure rail 7 and/or lines 8, 9 by means of the discharge unit 20.

In an embodiment, the discharge unit 20 is connected to a canister for (temporarily)

holding the LPG. In another embodiment, the discharge unit 20 is connected to the fuel

supply 17, thus forming a return line. The vapour discharged from downstream part of

the high-pressure pump 11 can then be returned.

Discharge unit 20 is connected 2 1 to the central processing unit/ECU 24, as a result of

which the discharge unit 20 can be actuated to operate in the various modes. The ECU

will, in particular, be capable of detecting, for example via suitable detectors or sensors,

that LPG is possibly present in the HP-rail 7, for example because the ECU 24 has

recorded that LPG was being supplied to the engine when it was switched off. From



these data, it is possible to determine whether said LPG has now evaporated, for

example because the engine will be restarted within 5 to 30 minutes since it was

switched off, and it is then possible to temporarily switch on the discharge unit 20, if

desired for an adjustable period of time adapted to the amount of vapour which may be

present, in order to discharge said vapour from the part situated downstream of the

high-pressure pump.

Fig. 2 shows a second embodiment of a fuel supply system 30. The illustrated fuel

supply system is a bi-fuel system. A first fuel supply 31 of liquid fuel, such as petrol, is

illustrated, comprising a pump 32 and a line 33 which is connected to node 35 by a

non-return valve 34. A second fuel supply 36 is likewise connected to node 35, for

example a liquidized vapour or LPG supply 36 provided with a pump 37 which is

connected to the node 35 by means of a controllable valve 38 and a non-return valve

39.

The desired fuel can be supplied to the inlet 40 of high-pressure pump 4 1 via a suitable

control unit (not shown) and via node 35 so as to be pressurized there and then to reach

the line 43 and high-pressure rail 44 via outlet 42 of high-pressure pump 4 1 in order to

reach the respective combustion chambers 45.

The high-pressure pump 4 1 can be controlled via a central processing unit (not shown).

Again, a discharge unit 46 is connected to the downstream part of the high-pressure

pump 4 1 in order to discharge any fuel, liquid or vapour, which may be present from

such part. This can be controlled by means of the central processing unit (not shown).

The discharge unit 46 may be opened temporarily in order to discharge fuel which is

present. In particular, vaporized LPG from the high-pressure part of the fuel supply

system 31 can be taken away, particularly when the LPG vaporized when the engine

was stopped and the engine now has to be started again.

In one embodiment, switching on of the discharge unit 46 is controlled by the

processing unit and is effected when the pre start phase takes place or based on the pre



start phase. The pre start phase can be started, for example, by a door of a vehicle

which comprises the fuel supply system 1 or 30 being opened.

Fig. 3 shows a third embodiment of a fuel supply system 50. The fuel supply system 50

is configured as a bi-fuel system. A liquid fuel supply 51 forms the low-pressure fuel

part of a fuel supply system. The fuel supply 52 may contain LPG and thus forms the

high-pressure fuel part of the fuel supply.

Both fuel supplies are connected to the inlet 53 of high-pressure pump 54 via suitable

lines and non-return valves. High-pressure pump 54 has a first internal discharge or

leak 55, which functions as a return for the high-pressure pump. In one embodiment,

the return is connected to the low-pressure part of the high-pressure pump.

In another embodiment, the return is connected to a high-pressure part of the high-

pressure pump 54.

In the illustrated embodiment, escape 55 is connected to the low-pressure part.

A second discharge 56 is situated downstream of the high-pressure pump 54, that is to

say upstream of the high-pressure chamber of the high-pressure pump 54.

In one embodiment, the high-pressure pump 54 is provided internally with the

discharge. This is illustrated with dashed lines 57.

In one embodiment, the high-pressure pump 54 also comprises the non-return valve 59,

and this is illustrated with dashed lines 60. As a result thereof, reduction of the pressure

upstream of this non-return valve 59 will have no effect downstream.

Return 55 and discharge 56 are connected to a three/two valve 70. Three/two valve 70

is controllable 7 1 and is illustrated in Fig. 3 in a state (second mode), in which return

55 is in open communication with node 72, while discharge 56 is closed in the direction

of node 72 by a non-return valve 73. In the illustrated operating mode, the four-cylinder

combustion engine 80 can work normally and excess fuel which has been supplied to



inlet 53 via return 55 can be returned via adjustable valve throttle 74 and return line 75

to, for example, the LPG supply 52. Escape 55 is particularly active during the supply

of LPG fuel.

The three/two valve 70 can be switched to another state (first mode). In this state,

discharge 56 becomes active, as the discharge 56 can be switched from the inhibited

state to an open state. This is due to the fact that in the other state of three/two valve 70,

discharge 56 will be connected to node 72 by means of line 8 1 in order to form a return

line to supply 52 via the throttle 74/75.

In this mode, the return 55 is actually closed off by means of connection 82.

The mode of two/three valve 70, in which the discharge 56 is active, can be switched

on for a short time during start-up or during the pre start phase so that vapour present in

the high-pressure part of the pump 54 can be discharged.

In the illustrated embodiment according to Fig. 3, there is no active discharge

connected to the high-pressure rail 85. In another embodiment, this may instead be

present or also be present.

Fig. 3 shows an embodiment in which a short-circuit route 90 via controllable valve 9 1

and a pump 92 is also provided. This short-circuit line 90 can be switched on when

switching from LPG fuel to petrol fuel while the combustion engine 80 is running. By

allowing a discharge of fuel via line 55, node 72 and the short-circuit line 90, the

relatively high pressure of the LPG in the lines and inlet 53 of the high-pressure pump

can be overcome despite the fact that the pressure in the fuel supply 51 and generated

by the pump 86 is relatively low. Further development of the short-circuit system is

illustrated in WO2009/1 10792.

Fig. 4 diagrammatically shows a cross section of a possible embodiment of a high-

pressure pump 100. The known parts will not be discussed.



Via a suitable drive mechanism 101, a plunger 102 can be driven in order to pressurize

fuel present in a high-pressure chamber 105 and to supply it, via discharge 106, to a

high-pressure rail which is connected to said discharge 106.

The high-pressure pump 100 comprises a non-return valve 107. Upstream of the non

return valve 107, but downstream of the high-pressure chamber 105, a discharge 110 is

formed.

The supply 111 is connected to a fuel supply, such as a fuel supply of a bi-fuel system.

In the line 112, the fuel is taken to chamber 113 which also contains a controllable

valve 114 which can switch access to the high-pressure chamber 105 on and off. Any

excess of fuel which has been supplied via 111 can reach the return 115 via chamber

113.

By allowing a purging via line 110, vapour present in the high-pressure chamber 105

can be pumped out of the latter, for example during a pre start phase or a phase shortly

before start-up of the engine. This prevents starting problems.



Claims

Fuel supply system (1, 30, 50) for injecting liquefied vapour under high pressure,

such as liquid petroleum gas (LPG), into a combustion chamber (3-6) of an

combustion engine, comprising a fuel supply (17, 36, 52) for liquefied vapour, a

first low-pressure pump (18, 37, 52, 86) connected to a second high-pressure pump

( 11, 41, 54) via a conduit, wherein the high-pressure pump comprises a high-

pressure chamber (105) which is embodied to thereby increase the pressure of the

liquefied vapour, and wherein a high-pressure discharge (10, 106) of the second

high-pressure pump is connected to a high-pressure rail (7, 44, 85) which comprises

one or several injectors for injecting liquefied vapour into a combustion chamber,

wherein the fuel supply system is provided with a discharge unit (20, 46) for

discharging vaporous fuel, in particular fuel vapour, between the high-pressure

chamber and the combustion chamber.

Fuel supply system according to Claim 1, wherein the discharge unit is at least

arranged to discharge fuel (vapour) from those parts of the fuel supply system (1,

30, 50) situated downstream of the high-pressure pump in a non-fuel-consuming

state of the internal combustion engine.

Fuel supply system according to Claim 1 or 2, wherein the discharge unit (20, 46) is

arranged to discharge fuel from the high-pressure chamber of the high-pressure

pump.

Fuel supply system according to one of the preceding claims, wherein the discharge

unit (20, 46) comprises a discharge line (56) which is connected to the return line

(75) to the fuel supply (52).

Fuel supply system according to one of the preceding claims, wherein the discharge

unit (20, 46) has a controllable valve (70), and is arranged in particular to set the

flow resistance of the discharge unit in a controllable manner.



6 . Fuel supply system according to one of the preceding claims, comprising a non

return valve (73) which is arranged downstream of the high-pressure chamber (105)

and is connected to a control unit (24) for thereby actuating said non-return valve,

and in which the discharge unit is arranged downstream of the non-return valve.

7 . Fuel supply system according to one of the preceding claims, wherein the high-

pressure pump (100) has a non-return valve (107) downstream of the high-pressure

chamber (105), and in which the discharge unit is connected to a duct ( 110) which

is situated in the high-pressure pump (100) and upstream of the non-return valve.

8. Fuel supply system according to one of the preceding claims, wherein the high-

pressure pump (100), upstream of the high-pressure chamber (105), has leak

(55,1 15) which is connected to the fuel supply (52), in particular via a return line

(75).

9 . Fuel supply system according to Claim 8, wherein a return line (75) of the fuel

supply (52) is connected to the discharge unit and the escape (55) via a controllable

valve (74), which controllable valve is embodied, in a first mode, to prevent flow

from the low-pressure part to the fuel supply, as well as to allow flow through the

discharge line to the fuel supply, and, in a second mode, to allow flow from the

low-pressure part to the fuel supply, as well as to prevent flow through the

discharge line to the fuel supply.

10. Fuel supply system according to one of the preceding claims, wherein the fuel

supply system (1,30,50) comprises leak opening ( 1 15) which is connected to the

high-pressure chamber (105) for generating a continuous flow of liquid vapour

through the high-pressure chamber during operation of the internal combustion

engine.

11. Fuel supply system according to one of the preceding claims, wherein the fuel

supply system comprises a second fuel supply (31,51) and wherein a control unit

can switch between the supplies of the first fuel and the second fuel to an inlet of the

high-pressure pump ( 11, 41, 54).



1 . Fuel supply system according to one of the preceding claims, wherein, downstream

of the discharge unit (20, 46) for discharging vaporous fuel, in the high-pressure

discharge or high-pressure rail, a non-return valve (59) is fitted which maintains the

pressure in the high-pressure rail.

13. Vehicle comprising an combustion engine (2) and an associated fuel supply system

(1, 30, 50) according to one of the preceding claims in combination with Claim 5,

comprising a control unit for said controllable valve (70).

14. Vehicle according to Claim 13, in which the control unit is embodied to open said

valve (70) during the start-up phase of said internal combustion engine (2).

15. Vehicle according to Claim 14, comprising a door with an opening sensor, in which

said start-up phase comprises said sensor emitting a signal.
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