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compression fluid, a separator
- membrane (16, 26) between the
7 first volume (12; 22) and the second
volume (14; 24); - an inlet port
(18, 28) of the at least one reservoir
(10; 20) for feeding the fuel to the
first volume (12; 22); an outlet port
(38, 48) of the at least one reservoir
(10; 20) for discharging the fuel
at a high pressure from the first
volume (12; 22); a fluid port (30a;
40a) of the at least one reservoir
(105 20) for supplying or removing
the compression fluid to or from
the second volume (14; 24). The
invention also relates to an operating
method and a fuel-injection system
for such a fuel.
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DESCRIPTION

Fuel-Pumping System, Method for Operating a Fuel-Pumping System and Fuel-Injection
System comprising a Fuel-Pumping System

The invention relates to a fuel-pumping system, a method for operating a fuel-pumping
system and a fuel-injection system comprising a fuel-pumping system according fo the
preambles of the independent claims.

Dimethyl ether, also known as DME, is a clean-burning alternative to diesel fuel. It can be
made from natural gas, coal or biomass. In modern vehicles, common rail systems are
used for better performance of the combustion engine. In such common-rail systems, fuel
is compressed to high pressures by common-rail pumps and supplied to the engine.
However, pumping of DME is difficult, as it has a low viscosity resulting in high internal
leakage, and the lubrication properties of liquid DME are very poor. Therefore, pump
failures is one of the major obstacles for a commercial engine application.

There is also a need to increase the injection pressure to around 1000 bar in order to
improve the cycle efficiency by e.g. improved ignition timing and improved combustion
efficiency by injection induces turbulence generation. Thus, for making DME available as
a clean burning fuel in vehicles, these issues have to be sold.

US 6,742,479 B2 discloses a fuel supply system for an internal combustion engine. The
fuel injection system is particularly adapted for a low-viscosity fuel such as DME. The
purpose of the system is to avoid damaging the fuel pump by using the pump only in
situations when the lubrication of the pump is ensured by monitoring the state of the DME
fuel.

It is an object of the invention to provide a fuel-pumping system for a fuel with a high
reliability and stability, particularly for a fuel exhibiting poor lubrication properties and/or
unfavourably viscosity properties compared to diesel fuel, such as DME. Another object is
to provide a method for operating such a fuel-pumping system. A further object of the
invention is to provide a fuel-injection system with such a fuel-pumping system.

The objects are achieved by the features of the independent claims. The other claims and
the description disclose advantageous embodiments of the invention.
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According to the invention, a fuel-pumping system for a fuel is proposed, wherein at least
one reservoir is providing a first volume for the fuel and a second volume for a
compression fluid, a separator membrane between the first and the second volume, an
inlet port for supplying fuel to the first volume, an outlet port for discharging the fuel at a
high pressure, and a fluid port for supplying or removing the compression fluid to or from
the second volume.

By providing two separate volumes, one for the fuel and one for the compression fluid, a
contact between the fuel and the pump can be avoided. The pump, e.g. the pump’s piston
liner, only contacts the compression fluid. This compression fluid can have lubrication
properties and a viscosity which are favourable for the pump. Thus, any fuel can be used
independent of its lubrication properties and/or viscosity properties and the like. The fuel
can be optimized its intended use, e.g. for combustion purposes. The compression fluid is
moving in a closed loop. Thus, the compression fluid can be optimized for the pump and
compression action independent of its combustion properties.

The compression fluid and the fuel are separated by a flexible membrane. This membrane
can preferably be made of a reinforced rubber, e.g. of a type use to store fuel in rocket
missiles. For instance, the membrane can be a diaphragm or a bellow or the like. This
membrane will be compressed by the pressure applied to the compression fluid and
therefore needs to withstand the maximum pressure admitted for the system. However, in
the preferred setup the pressure difference between the fuel and the compression fluid is
low, so it is mainly the compression of the membrane which has to be considered and to a
lesser extend its expansion or elongation which can stay within reasonable ranges. Thus,
stress to the membrane which might limit its durability is avoided.

The invention can be used for any fuel but is particularly useful for a fuel exhibiting poor
lubrication properties or a low viscosity, or low viscosity and poor lubrication properties
compared to diesel fuel. Dimethyl ether (DME) is one example for such a low-viscosity
fuel with lubrication properties which are inferior to diesel fuel. DME is also known to have
widely variable, pressure and temperature dependent properties which are inconvenient
for a use in automotive systems which have to work at temperatures well below and
above the freezing point of water. On the other hand, a problem known for fuels of very
high viscosity is to pressurise the fuel in a common high pressure pump. This invention
may be applied even for such applications, particularly for fuel that needs further heating
to lower the viscosity before it enters the injector nozzle. Preferably, the fuel exhibits
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poorer lubrication properties than diesel fuel and/or a viscosity that is at least 50% higher
or lower, preferably at least a factor of 2 higher or lower, than diesel fuel under
comparable ambient conditions. For instance, DME is known to have only 10% of the
viscosity of diesel fuel. If so called bunker oil is used, the viscosity of bunker oil is very
high. Bunker oil is often used as fuel e.g. aboard ships. The viscosity of bunker oil is about
a factor of 5 higher than the viscosity of diesel fuel. This type of fluid needs to be
preheated so that it can be pumped in a normal pump. Preferably, less heating needs to
be applied when used in the pumping system according to the invention in the high
pressure stage by preferably heating only the fuel that passes an injector to a viscosity
acceptable for forming a spray in an injection nozzle when used in a common rail injection

system.

The fluid port can be coupled to a compression-fluid pump unit for feeding or removing the
compression fluid to or from the reservoir. A standard common rail pump can be used
which can deliver high pressures up to 1000 bar or more which are suitable for standard
common rail devices in vehicles. The pump is completely decoupled from the fuel and is in
contact only with the compression fluid.

Favourably, a damping unit can be arranged in a fluid conduit between the fluid port and
the compression-fluid pump unit. This avoids pressure peaks and eliminates stress to the
membrane and to the other components of the system.

By arranging a control valve in a fluid conduit between the fluid port and the pump unit,
the pump direction of the pump can be switched. Preferably, the control valve can be
arranged between the damping unit and the pump unit. Thus, the damping unit can
equalize pressure spikes between the pump unit and the reservoir.

Favourably, the fuel outlet port can be coupled to a common rail unit. The common rail
unit can deliver the fuel at high pressure e.g. to a combustion engine which consequently
can be operated under clean environmental friendly conditions.

A first check valve can be installed in a fluid conduit between the fuel storage tank and the
reservoir. Favourably, the reservoir can be refilled with the fuel while the reservoir is at a
lower pressure, i.e. no extra compression is applied to the fuel by the compression fuel.
The fuel supplied to the reservoir can be pre-pressurized.
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A second check valve can be installed in a fluid conduit between the reservoir and the
high-pressure device. This favourably enables to feed high-pressure fuel to the high-
pressure device without pressure drop in the system. Preferably, the check valve is
pressure adjustable so that the valve opens only above a predefined pressure value.

The damping unit can preferably comprise a heat exchanger. The heat exchanger can
cool the compression fluid and damp probable pressure spikes or pressure drops during
the operation of the fuel-pumping system.

According to a preferred embodiment, at least two reservoirs can be provided, each
reservoir having a first volume for a fuel and a second volume for a compression fiuid, the
first and the second volume being separated by a fiexible membrane, an inlet port for the
fuel, an outlet port for the fuel at a high pressure and a fiuid port for supplying or removing
the compression fluid. Favourably, while in one reservoir the desired pressure is built up,
the other reservoir can be refilled with fuel after this other reservoir having discharged the
fuel to the high-pressure device. Particularly, the compression fluid is pumped from one
reservoir to the other for compressing the fuel. When the desired fuel pressure in one
reservoir is reached, the first one reservoir can discharge the fuel and compression of the
fuel takes place in the other reservoir by supplying compression fluid to this other

reservoir.

Favourably, the compression-fluid pump unit is jointly coupled to the reservoirs. The pump
can be switched to and from the two or more reservoirs. Pressure spikes which can occur
during switching can easily be reduced by the damping unit.

Preferably, the fuel storage tank can be jointly coupled to the reservoirs, yielding a
compact arrangement of the fuel-pumping device.

When the high-pressure device can be jointly coupled to the reservoirs, the high pressure
device can be continuously or at least quasi continuously supplied with high pressure fuel
simply by switching the compression cycle from one reservoir to the other. During
switching the pump from one reservoir to another, a pressure drop on the high-pressure
side of the system can advantageously be prevented by the check valves between the

reservoirs and the high-pressure device.
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Advantageously, the compression fluid can be a lubricant. The compression-fluid pump
can easily handle such media. Probable poor lubrication properties of the fuel do not to
contribute to pump wear. Particularly, diesel can be used as the compression fluid.

According to an independent further aspect of the invention, a method for operating a fuel-
pumping system is proposed, wherein compressing of a fuel is performed in a first
volume, wherein a second volume of a compression fluid contained in a reservoir is
increased and the fuel contained in the first volume in the reservoir is compressed by
expanding a flexible membrane between the first and second volumes. Preferably, a
standard pump such as a common rail pump can be used because the compression-fuel
pump is protected from the fuel which might have poor lubrication properties, particularly
lubrication properties inferior to diesel fuel and/or which has a higher or a lower viscosity
compared to diesel fuel. The fuel is reliably separated from the compression fluid and thus
from wear-prone parts of the pump.

Advantageously, the compression fluid can be pumped to and from between at least two
reservoirs, each reservoir providing a first volume for the fuel and a second volume for the
compression fluid. Each reservoir alternately provides fuel at a high pressure.

One of the reservoirs can be refilled with fuel on a low pressure while fuel can be
compressed up to a desired pressure in the other reservoir. A continuous or at least
quasi-continuous operation of the high pressure device is facilitated.

Favourably, the fuel is compressed up to a pressure of more than 500 bar, preferably up
to 1000 bar, or even more, particularly up to 1500 bar, preferably up to 2000 bar,
preferably 3000 bar, more preferably up to 4000 bar.

Further, a fuel-injection system comprising a common rail for providing fuel under high-
pressure to a combustion engine is proposed, wherein a fuel-pumping device for a fuel is
employed, which comprises at least one reservoir providing a first volume for the fuel and
a second volume for a compression fluid, a separator membrane between the first and the
second volume, an inlet port for the fuel coupled to a fuel storage tank; an outlet port for
the fuel coupled to a high-pressure device and a fluid port for supplying or removing the
compression fluid.

Preferably at least two reservoirs, particularly exactly two reservoirs, can be provided,
each reservoir having a first volume for the fuel and a second volume for a compression
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fluid, a separator membrane between the first and the second volume, an inlet port for the
fuel coupled to a fuel storage tank, an outlet port for the fuel coupled to a high-pressure
device and a fluid port for supplying or removing the compression fluid.

In an advantageous embodiment of the invention, a compression-fluid pump unit can be
jointly coupled to the reservoirs, pumping the compression fluid into one reservoir for
compression the fuel in the first volume of the reservoir, while depleting at least one other
reservoir from compression fluid.

Favourably, a fuel storage tank can be jointly coupled to the reservoirs, allowing for a
compact system set up.

The common rail can be jointly coupled to the reservoirs. By switching the compression of
the fuel from one reservoir to the other, a continuous, respectively a quasi continuous,
supply of the fuel injection system with pressurized fuel can be achieved. If the pressure
can be increased above 500 bar, preferably up to 1000 bar, or even more, particularly up
to 1500 bar, preferably up to 2000 bar, preferably 3000 bar, more preferably up to 4000
bar, an improved cycle efficiency by e.g. improved ignition timing and an improved
combustion efficiency by injection-induced turbulence generation in a combustion
chamber of the engine’s cylinders.

When a check valve can be arranged in a fluid conduit between the common rail and the
reservoirs, a pressure drop in the common rail can be avoided.

The present invention together with the above-mentioned and other objects and
advantages may best be understood from the following detailed description of the
embodiment, but not restricted to the embodiment, wherein is shown schematically:

Fig. 1 a preferred fuel-injection system according to the invention comprising a
preferred fuel-pumping system according to the invention in a first preferred
operation mode according to the invention; and

Fig. 2 the preferred fuel-injection system of Fig. 1 with the preferred fuel-pumping
system in a second preferred operation mode according to the invention.

In the drawings, equal or similar elements are referred to by equal reference

numerals. The drawings are merely schematic representations, not intended to portray
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specific parameters of the invention. Moreover, the drawings are intended to depict only
typical embodiments of the invention and therefore should not be considered as limiting

the scope of the invention.

Fig. 1 and Fig. 2 illustrate a preferred embodiment of the invention and depict
schematically a fuel-injection system 110 comprising a preferred fuel-pumping system 100
for a fuel, particularly DME. The fuel-injection system 110 may be coupled to a
combustion engine (not shown). Fig. 1 shows a first operation mode, where the fuel is
compressed to a high pressure in a first reservoir 10 and Fig. 2 shows a second operation
mode where fuel is compressed to a high pressure in a second reservoir 20.

By way of example, two reservoirs 10, 20 are supplied with fuel from a fuel storage tank
60 via a fluid conduit 62 which splits in two branches 62a, 62b, one (62a) connected to an
inlet port 18 of the first reservoir 10 and the other (62b) connected to an inlet port 28 of the
second reservoir 20. The respective fuel outlet port 38 of the first reservoir 10 and the fuel
outlet port 48 of the second reservoir 20 are connected to a high-pressure device 70,
which in this embodiment is a common rail 70, via fluid conduits 72a, 72b and 72, wherein
the two branches 72a, 72b merge into the fluid conduit 72. In each branch 72a, 72b a
check valve 36, 46 is installed which is open for a flow direction from the reservoirs 10, 20
to the common rail 70 and closed for the reverse flow direction. Preferably, the valves 36,
46 open above a predefined pressure.

A compression-fluid pump unit 50 is connected to the first reservoir 10 via a first fluid
conduit 30 to a fluid port 30a of the first reservoir 10 and to the second reservoir 20 via a
fluid conduit 40 to a fluid port 40a of the second reservoir 20. In the first fluid conduit 30 a
control valve 52 and - between the compression-fluid pump unit 50 and the first reservoir
10 - a damper unit 32 are arranged. The damper 32 is preferably a heat exchanger.
Symmetrically to this, a control valve 54 and - between the compression-fluid pump unit
50 and the second reservoir 20 - a damper unit 42, preferably a heat exchanger, are
arranged in the second fluid conduit 40.

The compression-fluid pump unit 50 comprises an actuator 56 and a compression-fluid
reservoir 58, wherein the compression fluid can be pumped either into the first reservoir
10 or the second reservoir 20, depending on the setting of the control valves 52, 54. The
control valves 52, 54 can be switched in a way fo reverse the pump direction of the
compression-fluid pump unit 50 for this purpose. Preferably, the compression-fluid pump
unit 50 can be a standard common rail pump. The control valves 52, 54 can be e.g. of
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encapsulated solenoid valve type, sliding valves or common rail injector types. The
compression fluid can be e.g. lubricated diesel fuel or the like.

The reservoirs 10, 20 are preferably set up equally. Reservoir 10 provides a first volume
12 for the fuel and a second volume 14 for a compression fluid, wherein a separator
membrane 16 is arranged between the first volume 12 and the second volume 14.
Reservoir 20 provides a first volume 14 for the low viscosity-fuel and a second volume 24
for a compression fluid, wherein a separator membrane 26 is arranged between the first
volume 22 and the second volume 24.

Each first volume 12, 22 is in fluid connection with the respective fuel inlet port18, 28 and
each second volume 14, 24 is in fluid connection with the respective fuel outlet port 38, 48
of the respective reservoir 10, 20. In the fuel feed conduit 62a, a check valve 34 is
arranged which allows to refill fuel from the fuel storage tank 60 at a lower pressure than
the discharge pressure at which the fuel is supplied to the common rail 70. The fuel can
be pre-pressurized by a pre pump (not shown) or by tank pressure.

The membranes 16, 26 are flexible and separate the first from the second volume 12, 14;
22, 24 of the respective reservoir 10; 20. The membranes 16, 26 can be a diaphragm or a
bellow. A suitable material for such a membrane can be reinforced rubber, e.g. reinforced
with aramide fibres (aramide = aromatic polyamide), or the like. The membranes 16, 26
are fixed inside the respective reservoir 10, 20. As soon as the amount of compression
fluid in the second volume 14, 24 is increased, the corresponding membrane 16, 26
expands and compresses the fuel in the first volume 12, 22 of the respective reservoir 10;
20.

According to the first operation mode depicted in Fig. 1, the control valves 52, 54 of the
compression-fluid pump unit 50 are switched to a state in which the second volume 14 of
the first reservoir 10 is increased and fuel is discharged from the first volume 12 of
reservoir 10 via the outlet port 38 and the check valve 36 into the common rail 70. To
make this possible, compression fluid is pumped by pump unit 50 into the second volume
14 of the first reservoir 10 while the compression fluid in the second volume 24 of the
second reservoir 20 is drained into the pump unit 50. At the same time, fuel is refilled to
the first volume 22 of the second reservoir 20 through the check valve 44 and inlet port
28. This means that the compression fluid is pumped from the second reservoir 20 to the
first reservoir 10. The respective flow directions of the fuel and of the compression fluid
are indicated by arrows in the drawing.
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When the second volume 24 of the second reservoir 20 is nearly completely drained, the
valves 52, 54 switch to a state which is depicted in Fig. 2 and the pump unit 50 starts to fill
the second volume 24 of the second reservoir 20. This timing is set by the fuel volume
flow out of the first reservoir 10 to the common rail 70 and change accordingly with the

engine operation and the fuel consumption.

A control unit which monitors the amount and volume of the compression fluid in the
volumes 14, 24, the fuel pressure, the switching time, etc. is provided but not shown.

Referring now to Fig. 2 the settings of the valves 52, 54 are chosen to fill the second
volume24 of the second reservoir 20 and to drain the second volume 14 of the first
reservoir 10. The second volume 24 of the second reservoir 20 increases, compresses
the fuel in the first volume 22 of the second reservoir 20 while fuel is refilled in the first
volume 12 of the first reservoir 10. Fuel is discharged from the first volume 22 of the
second reservoir 20 through the outlet port 48 and the check valve 46 to the common rail
70.

Pressurized fuel, such as liquid DME, is feed to the system 100 by a pre-pump or by tank
pressure. A common rail pump as pump unit 50 and a lubricated compression fluid as
pump media are used to generate the required high pressure in the first volumes 12, 22 of
the reservoirs 10, 20.

The compression fluid is used to build up pressure and is pumped back and forth between
the second volumes 14, 24 of the two reservoirs 10, 20 depending on the setting of the
valves 52, 54. These valves 52, 54 can be actuated by e.g. solenoids, which can be
advantageously arranged outside the high pressure region. Several valve solutions can be
used, such as sliding valves or normal common rail injectors. The valve switching time
preferably is chosen to be short in order to minimize a pressure drop/build-up during valve
actuation. The compression fluid is cooled by heat exchangers which act as damping units
32, 42 of the respective reservoirs 10, 20 and can reduce pressure spikes during valve
switching.

The check valves 36, 46 in the fluid conduits 72a, 72b are preferabiy pressure adjustable

and are used to prevent a pressure drop in the common rail 70 during valve switching and
to allow the inactive first reservoir 22 to be refilled with fuel.
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Compared with typical viscosity values and/or lubrication properties of today’s standard
fuels like diesel fuel the invention allows for making available a pumping system for a low-
viscosity fuel such as DME or for fuel with poor lubrication properties (or for fuel with both
low viscosity and poor lubrication properties) which otherwise according to the art cannot
be handled reasonably by standard components in a common rail system of a combustion
engine. Following the teaching of the invention standard components can be used to
provide DME at high pressures of far more than 500 bar, preferably up to 1000 bar, or
even more, particularly up to 1500 bar, preferably up to 2000 bar, preferably 3000 bar,
more preferably up to 4000 bar which allows for an improved operation mode of the
combustion engine. The common rail system is not limited by using the low-viscosity DME
but can take advantage of the operation conditions for the engine as known in standard

common rail systems.

The invention offers a possibility to deliver e.g. DME fuel at high pressure to an injection
system without or poor lubrication, by using mainly standard common rail components.
These standard components are well proven and tested. Additionally, the employment of
such components is less expensive than the development of new dedicated DME-pumps.
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CLAIMS

A fuel-pumping system for a fuel, characterized in

- at least one reservoir (10; 20) providing a first volume (12; 22) for the fuel
and a second volume (14; 24) for a compression fluid,

- a separator membrane (16, 26) between the first volume (12; 22) and the
second volume (14; 24);

- an inlet port (18, 28) of the at least one reservoir (10; 20) for feeding the
fuel to the first volume (12; 22);

- an outlet port (38, 48) of the at least one reservoir (10; 20) for discharging
the fuel at a high pressure from the first volume (12; 22);

- a fluid port (30a; 40a) of the at least one reservoir (10; 20) for supplying or
removing the compression fluid to or from the second volume (14; 24).

The fuel-pumping system according to claim 1, characterized in that the fluid port
(30a; 40a) is coupled to a compression-fluid pump unit (50) for supplying or
removing the compression fluid to or from the reservoir (10; 20)

The fuel-pumping system according to claim 2, characterized in that a damping
unit (32; 42) is arranged in a fluid conduit (30, 40) between the fluid port (30a; 40a)
and the pump unit (50).

The fuel-pumping system according to claim 2 or 3, characterized in that a control
valve (52; 54) is arranged in a fluid conduit (30; 40) between the fluid port (30a;
40a) and the pump unit (50).

The fuel-pumping system according to claim 4, characterized in that the control
valve (52; 54) is arranged between the damping unit (32; 42) and the pump unit
(50).

The fuel-pumping system according to one of the preceding claims, characterized
in that the fuel outlet port (38; 48) is coupled to a high-pressure device (70).

The fuel-pumping system according to one of the preceding claims, characterized

in that a first check valve (34; 44) is installed in a fluid conduit (62; 62a; 62b)
between a fuel storage tank (60) and the reservoir (10; 20).
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12
The fuel-pumping system according to one of the preceding claims, characterized
in that a second check valve (36; 46) is installed in a fluid conduit (72; 72a; 72b)
between the reservoir (10; 20) and a high-pressure device (70).

The fuel-pumping system according to one of the preceding claims, characterized
in that the damping unit (32; 42) comprises a heat exchanger.

The fuel-pumping system according to one of the preceding claims, characterized
in that at least two reservoirs (10, 20) are provided each reservoir (10, 20) having
a first and a second volume (12, 14; 22, 24) separated by a membrane (16; 26); an
inlet port (18; 28) for the fuel; an outlet port (38; 48) for the fuel at a high pressure
and a fluid port (30a; 40a) for supplying or removing the compression fluid to or
from the second volume (14; 24).

The fuel-pumping system according to claim 10, characterized in that the
compression-fluid pump unit (50) is jointly coupled to the reservoirs (10, 20).

The fuel-pumping system according to claim 10 or 11, characterized in that the fuel
storage tank (60) is jointly coupled to the reservoirs (10, 20).

The fuel-pumping system according to one of the claims 10 to 12, characterized in
that the high-pressure device (70) is jointly coupled to the reservoirs (10, 20).

The fuel-pumping system according to one of the preceding claims, characterized
in that the fuel exhibits poorer lubrication properties than diesel fuel and/or a
viscosity that is at least 50% higher or lower, preferably at least a factor of 2 higher
or lower, than diesel fuel under comparable ambient conditions.

The fuel-pumping system according to one of the preceding claims, characterized
in that the compression fluid comprises a lubricant.

The fuel-pumping system according to one of the preceding claims, characterized
in that the compression fluid comprises diesel fuel.

The fuel-pumping system according to one of the preceding claims, characterized
in that the fuel comprises dimethyl ether.
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A method for operating a fuel-pumping system (100), wherein fuel is compressed
in a first volume (12; 22), characterized in that a second volume (14; 24) of a
compression fluid contained in at least one reservoir (10; 20) is increased and the
fuel contained in the first volume (12; 22) in the reservoir (10; 20) is compressed
by expanding a flexible membrane (16; 26) between the first and second volumes
(12, 14; 22, 24) of the at least one reservoir (10; 20).

The method according to claim 18, characterized in that the compression fluid is

pumped to and from between at least two reservoirs (10; 20), each reservoir (10;
20) providing a first volume (12; 22) for the fuel and a second volume (14; 24) for
the compression fluid.

The method according to of the claim 19, characterized in that one of the
reservoirs (10; 20) is refilled with fuel on a low pressure while fuel is compressed
up to a desired pressure in the other reservoir (20; 10).

The method according to one of the claims 18 to 20, characterized in that the fuel
is compressed up to a pressure of more than 500 bar, preferably more than 1000
bar / 1500 bar / 2000 bar / 3500 bar / 4000 bar.

The method according to one of the claims 18-20, characterized in that the fuel
exhibits poorer lubrication properties than diesel fuel and/or a viscosity that is at
least 50% higher or lower, preferably at least a factor of 2 higher or lower, than
diesel fuel under comparable ambient conditions.

The method according to one of the claims 18 to 22, characterized in that the
compression fluid exhibits a higher viscosity and/or better lubrication properties
than the fuel being compressed by the compression fluid.

The method according to claim 23, characterized in that the diesel fuel is used as
compression fluid in the second volume (14; 24) to compress dimethyl ether in the
first and second volume (12; 22).

A fuel-injection system comprising a common rail (70) for providing fuel under

high-pressure to a combustion engine, characterized in a fuel-pumping device
(100) as set forth in anyone of the claims 1 to 15, which comprises
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- at least one reservoir (10; 20) providing a first volume (12; 22) for the fuel
and a second volume (14; 24) for a compression fluid,

- a separator membrane (16; 26) between the first volume (12; 22) and the
second volume (14; 24);

- an inlet port (18, 28) of the at least one reservoir (10; 20) for the fuel
coupled to a fuel storage tank (60);

- an outlet port (38, 48) of the at least one reservoir (10; 20) for discharging
the fuel at a high pressure to a common rail (70);

- afluid port (30a, 40a) of the at least one reservoir (10; 20) coupled to a
compression-fluid pumping unit (50) for supplying or removing the
compression fluid to or from the second volume (14; 24).

The fuel-injection system according to claim 25, characterized in that at least two
reservoirs (10; 20) are provided, each reservoir (10; 20) having a first volume (12;
22) and a second volume (14; 24) separated by a membrane (16; 26), an inlet port
(18; 28) for the fuel, an outlet port (38; 48) for the fuel at a high pressure and a
fluid port (30a; 40a) for supplying or removing the compression fluid to or from the
second volume (14; 24).

The fuel-injection system according to claim 25 or 26, characterized in that the
compression-fluid pump unit (50) is jointly coupled to the reservoirs (10, 20),
pumping the compression fluid into one reservoir (10, 20) for compressing the fuel
while draining at least one other reservoir (10, 20) from compression fluid.

The fuel-injection system according to one of the claims 25 to 27, characterized in
that a fuel storage tank (60) is jointly coupled to the reservoir(s) (10, 20).

The fuel-injection system according to one of the claims 25 to 28, characterized in
that the common rail (70) is jointly coupled to the reservoir(s) (10, 20).

The fuel-injection system according to one of the claims 25 to 29, characterized in
that at least one check valve (36; 46) is arranged in a fluid conduit (72; 72a; 72b)

between the common rail (70) and the reservoir(s) (10, 20).

The fuel-injection system according to one of the claims 25 to 30, characterized in
that the fuel exhibits poorer lubrication properties than diesel! fuel and/or a viscosity
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that is at least 50% higher or lower, preferably at least a factor of 2 higher or lowér,
than diesel fuel under comparable ambient conditions.

The fuel-injection system according to one of the claims 25 to 31, characterized in
that the compression fluid exhibits a higher viscosity and/or better lubrication

properties than the fuel being compressed by the compression fluid.

The fuel-injection system according to one of the claims 25 to 32, characterized in
that the fuel comprises dimethyl ether.

The fuel-injection system according to one of the claims 25 to 33, characterized in
that the compression fluid comprises diesel fuel.
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