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System and method for injecting an aqueous solution on-board a vehicle

Field of Invention
The invention relates to avehicle system for storing an aqueous solution, preferably demineralised
water, on-board avehicle, and in particular to avehicle system for injecting an aqueous solution

into an air intake upstream of a combustion chamber or directly in the combustion chamber.

Background

It isknown to inject water into an air intake upstream of a combustion chamber or directly in the
combustion chamber, when the load of the engine of the vehicle ishigh. By injecting water in the
air stream, the air is cooled down, resulting in a higher density and hence more air per volume unit,

enhancing the combustion. In that manner more power is obtained, i.e. the performance isboosted.

The water for injection needs to be stored on-board the vehicle, typically for alonger period of
time, before all the water has been used for injection. It isknown to add additives to the water to
maintain the water in a suitable condition. However, such additives may hinder a good operation of

the combustion chamber and may damage the fuel injector of the combustion chamber.

Summary

It is an object of exemplary embodiments of the invention to provide avehicle system for storing
an aqueous solution on-board avehicle, which is capable of storing an aqueous solution in suitable
conditions for alonger period of time. More in particular, it is an object of embodiments of the
invention to provide avehicle system which can be used with various types of agueous solutions,

including drinking water and water from natural sources containing bacteria and algae.

According to afirst aspect there isprovided avehicle system comprising atank for storing an
agueous solution; and aUV light decontamination module configured for decontaminating aqueous
solution stored in the tank. The UV light decontamination module is arranged in awall of the tank.
The UV light decontamination module comprises alight source compartment which is accessible
from an external area outside of the tank; and alight transmission member configured to transmit
UV light from the light source compartment to aliquid space in the tank or in aliquid compartment
in fluid communication with the tank. The light source compartment comprising alight source
configured and arranged to emit UV light through the light transmission member to the liquid

space.
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By subjecting the agueous solution to UV light, bacteria and algae can be inactivated in order to
decontaminate the agueous solution. In that manner the aqueous solution can be stored in suitable
conditions on-board avehicle for alonger period of time without the need for special additives. By
mounting the UV light decontamination module in awall of the tank it can be easily added in any
type of tank. Further, by providing the UV light decontamination module with alight source
compartment which is accessible from an external area outside of the tank, the light source can be
easily electrically connected and any maintenance to the UV light decontamination module can be
easily performed. The emitted light can be effectively transmitted to the aqueous solution in the

liquid space through the light transmission member.

In the context of the present invention the term "liquid space" may be a portion of the volume
delimited by the walls of the tank, or may be a space delimited by the walls of aliquid
compartment in fluid communication with the tank so that aqueous solution in the tank can flow to
the liquid compartment. It is noted that the liquid compartment may be located either completely

within the main volume of the tank, or partially or fully outside of the main volume of the tank.

In apreferred embodiment, the vehicle system comprises avibration absorbing part. Preferably, the
light source is arranged in the light source compartment using avibration absorbing part such that
vibrations of the tank are at least partially absorbed in the vibration absorbing part. In that manner
the light source will be adequately protected against vibrations inherent to vehicle systems.

In an exemplary embodiment the vibration absorbing part comprises an elastically deformable part
which is compressed between the light source and awall delimiting the light source compartment.
Preferably the compression of the elastically deformable material, in a compression direction, is
between 5% and 70%, more preferably between 10% and 60 %. The elastically deformable part
may be compressed over e.g. adistance of 2to 10 mm. The elastically deformable part may be
made of aplastic material e.g. aplastic cellular foam material or arubber. The vibration absorbing
part may be made entirely or partially of the elastically deformable material. The use of such
materials is a convenient, robust and compact solution to absorb the vibration energy. The
elastically deformable material may be applied e.g. by overmoulding a plastic material over a
support, such as a PCB, of the light source; or by potting aresin material such as an epoxy rubber
over the support of the light source. Preferably, theresin material has athermal conductivity at
atmospheric pressure and 293K which is higher than 1Wm'K-L. In that manner heat generated by
the light source can be conducted to the external area outside of the tank. It is noted that other

means may be added to enhance the transfer of heat out of the light source compartment.
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In an exemplary embodiment the UV light decontamination module further comprises aliquid
compartment in fluid communication with agueous solution in the tank. The liquid space is formed
in the liquid compartment. The liquid compartment is separated from the light source compartment
by awall comprising the light transmission member or by the light transmission member itself. By
providing aliquid compartment the emitted UV light may be contained in the liquid compartment
such that the walls of the tank itself do not need to be made from aUV light resistant material. In
that manner only the UV light decontamination module can be made of aUV light resistant
material.

Preferably, the liquid compartment is provided with at least one inlet and at least one outlet for
receiving and discharging aqueous solution from and to the tank, respectively. In that manner a
determined flow path through the UV light decontamination module can be created, resulting in a
controlled decontamination of the aqueous solution in the tank.

Preferably the volume of the liquid compartment is between 6000 mm3 and 20.000 mm?3, more
preferably between 8000 and 160000 mm3. The inventors have found that with such asmall,
compact compartment, using atypical flow rate of between 5 and 15 1/h, for atank with avolume

between 5 and 15 1a good decontamination can be achieved.

According to asecond aspect of the invention there is provided avehicle system comprising: atank
for storing an agueous solution; aUV light decontamination module configured for
decontaminating agueous solution stored in the tank; said UV light decontamination module being
arranged in awall of the tank, and said UV light decontamination module comprising: alight
source compartment; and alight transmission member configured to transmit UV light from the
light source compartment to aliquid space in aliquid compartment in fluid communication with
the tank; said light source compartment comprising alight source configured and arranged to emit
UV light through the light transmission member to the liquid space (L). The liquid compartment is
provided with at least oneinlet and at least one outlet for receiving and discharging aqueous
solution from and to the tank, respectively. Preferably, the volume of the liquid compartment is
between 6000 mms3 and 20000 mm3,

According to this aspect the light source compartment may or may not be accessible from an
external areaoutside the tank. The light source compartment may be located within the volume of
the tank, wherein the connection wires of the light source extend in a passage of the UV light

decontamination module, through awall of the tank.

Preferably, the vehicle system comprises avibration absorbing part adapted to absorb vibrations;
said vibration absorbing part comprising an elastically deformable part located between the light

source and awall delimiting the light source compartment. The vibration absorbing part may be
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implemented as described above. Preferably, the elastically deformable part is compressed, and the

compression is between 5% and 70%, more preferably between 10% and 60 %.

Preferably, the UV light decontamination module comprises the liquid compartment in fluid
communication with the tank, wherein the light transmission member or awall comprising the
light transmission member separates the liquid compartment from the light source compartment.
Preferably, the volume of the tank isbetween 5 and 15 1; wherein preferably the vehicle system is

configured to generate aflow rate between 5 and 15 1/h in the liquid compartment.

The features described below are preferred features which may be combined with both the first and

second aspect of the invention.

According to apreferred embodiment, the liquid compartment islocated inside the tank.

According to an exemplary embodiment, the light source comprises at least one LED source.

According to an exemplary embodiment, the light source compartment comprises afan configured

for removing heat generated by the light source.

According to an exemplary embodiment, the light source compartment comprises aheat sink

configured for removing heat generated by the light source.

According to an exemplary embodiment, the vehicle system further comprises an injector, and the
vehicle system is configured to pump aqueous solution through the liquid compartment whilst at
the same time pumping agueous solution to the injector. Alternatively or in addition, the vehicle
system is configured to be controlled to be in an injection mode or in a bio-decontamination mode,
wherein the vehicle system is configured for pumping aqueous solution through the liquid space in
the bio-decontamination mode and for pumping agueous solution to the injector in the injection

mode.

According to an exemplary embodiment ahousing of the UV light decontamination module is
welded to awall of the tank. For example, the housing of the UV light decontamination module
may be provided with a connecting flange welded to aperipheral portion of awall of the tank, said

periphera portion surrounding an opening in awall of the tank.

According to an exemplary embodiment the UV light decontamination module comprises atube-

like section extending through awall of the tank. The tube-like section may be connected to the
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wall of the tank, e.g. by welding or may be an integral part of the tank. The tube-like section has a
first end located in the tank and a second open end located outside of the tank. The light
transmission member is sealingly mounted between the first and the second end, so that the liquid
compartment islocated between the light transmission member and the first end, and the light
source compartment islocated between the light transmission member and the second open end.
Such aconfiguration provides a compact and robust module which can be easily arranged and

integrated in awall of the tank.

The first end may be an open end or aclosed end. When the first end is an open end it may be
closed by aninternal cap. It ispreferred to have amore or less closed liquid compartment (with the
exception of the at least one inlet and outlet) in order to avoid that UV light is emitted in the tank.
Preferably an inlet from the tank to the liquid compartment isprovided in the tube-like section or
in the internal cap and an outlet from the liquid compartment to the tank is provided in the tube-
like section or in the internal cap.

Also, the second open end may be closed by an external cap. By providing an external cap the
components in the light source compartment can be protected against dirt and humidity.
Furthermore, it can be ensured that the light source does not fall out of the light source
compartment. It isnoted that the vibration absorbing part may fulfil all or apart of those functions,
especially when apotting material is applied around aportion of the light source. However,

generally isit preferred to also provide an external cap.

According to an exemplary embodiment, the vehicle system further comprises apump unit,
preferably at least partially located inside the tank, wherein the UV light decontamination module
is arranged so that the pump unit provides aflow of aqueous solution through the liquid space
adjacent the light transmission member. In that manner a continuous flow of aqueous solution in
the liquid space can be ensured, resulting in an improved decontamination. Hence, the agqueous
solution of the tank can be treated continuously with UV light when the pump unit is activated
whilst the pump unit may at the same time be used for pumping aqueous solution to an injector.
Alternatively the pump unit may be arranged and controlled to bein an injection mode or in abio-
decontamination mode, wherein the pump unit isused for pumping aqueous solution through the
liquid space adjacent the light transmission member in the bio-decontamination mode and for

pumping aqueous solution to the injector in the injection mode.

By arranging the pump unit at least partially in the tank, a compact system is obtained.
Furthermore, only one line (the feed line) isrequired from the tank (which may be located e.g. in
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the back of the car) to the injector (which istypically located close to the engine). It is noted that
other lines may be provided but this is not required.

In an embodiment the pump unit is arranged in amodule mounted in an opening of awall of the
tank. The pump unit may be arranged either inside the tank or at an external side of the module on
the outside of the tank, or partially inside and partially outside of the tank. By arranging the pump
in amodule mounted in an opening in the tank a compact system is obtained which can be easily

assembled.

According to an exemplary embodiment the pump unit is integrated in the UV light
decontamination module. In other words, asingle module is provided which isintegrated in an
opening of the wall of the tank, implementing both the function of pump and UV light

decontamination.

According to an exemplary embodiment the vehicle system further comprises an injector and a
feed line connecting an outlet of the pump unit to the injector such that agueous solution from the
tank can be pumped to the injector; and areturn line connected to the outlet of the pump unit. The
return line is directed towards the liquid space adjacent the light transmission member. The end of
the return line may be connected to an inlet of the liquid compartment or may be arranged near the
inlet of the liquid compartment. If no liquid compartment is present, the end of the return line may
be arranged in or close to the liquid space, e.g. at adistance from the light transmission member
which is smaller than 10 cm, preferably smaller than 5 cm. In that manner the return flow is

directed to the liquid space adjacent the light transmission member.

According to an exemplary embodiment the UV light decontamination module may further
comprise any one or more of the following components: aheater, alevel sensor, aquality sensor, a

filter, abowl! defining afluid compartment in the tank.

According to an exemplary embodiment the tank has abottom wall, atop wall and a sidewall
connecting the bottom wall with the top wall, wherein the UV light decontamination module is
arranged in the bottom wall, wherein, in the mounted position of the tank, the bottom wall
corresponds to the lowest face of the tank. Thereby, the UV light decontamination module can be
arranged below the minimum filling liquid level of the tank, and will not normally "run out of

agueous solution.

According to an exemplary embodiment, the light transmission member is atransparent member,

e.g. amember made of aquartz, fused silica, or fluorinated ethylene propylene plastic. In another
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embodiment the light transmission member may comprise alens element to direct the emitted UV
light in an improved manner to the liquid space, e.g. alens configured to converge the emitted UV

light to the space where it is needed.

Optionally an inner wall of the liquid compartment may be provided with areflector such as a
reflective coating configured for reflecting UV light emitted by the at least one LED source.
Alternatively the material of the walls delimiting the liquid compartment may be made of a
material reflecting UV light. In that manner the UV light decontamination may be further

enhanced.

According to an exemplary embodiment the vehicle system further comprises ajet pump having a
suction inlet, apressure inlet and an outlet. The pump unit may then be connected for pumping
agueous solution along ajet flow path from the tank through the pump unit, through the pressure
inlet of thejet pump to the outlet of thejet pump.

In apossible embodiment the outlet may be arranged for directing aqueous solution to the liquid
space adjacent the light transmission member. The suction inlet of thejet pump may then be
arranged for drawing aqueous solution from another part of the tank. The UV light
decontamination module isthen arranged to operate on agueous solution flowing out of thejet flow

path.

According to afurther embodiment, the suction inlet of thejet pump may be arranged for sucking
aqueous solution out of the liquid space adjacent the light transmission member. The outlet of the
jet pump may then be arranged for returning aqueous solution in the tank. The UV light
decontamination module isthen arranged to operate on agueous solution flowing to the suction
inlet.

Using an embodiment with ajet pump, the flow rates in the liquid space may be increased.

According to an exemplary embodiment the light transmission member is mounted moveably in

order to alow for amovement in the direction of the light source compartment in case of freezing
of the agueous solution. For example, the light transmission member may be arranged in a sealing
manner using elastically deformable material on both sides of the light transmission member such

that alimited movement thereof ispossible.

It is noted that the walls that delimit the light source compartment and/or the liquid compartment
may be an integral part of the tank. In other words, the UV light decontamination module may be
an integral part of the tank.
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According to another exemplary embodiment the UV light decontamination module is arranged in
the sidewall, in alower half of the tank, wherein, in the mounted position of the tank, the bottom
wall corresponds with the lowest face of the tank. Also an such an embodiment the UV light
decontamination module may be arranged below the minimum filling level of the tank, ensuring

that it can always operate on the aqueous solution in normal operation.

According to exemplary embodiments the liquid space adjacent the light transmission member of
the UV light decontamination device may be arranged in the flow path caused by a pump unit, such
as at one of an inlet of the pump unit, at an outlet of the pump unit, in adriving line connecting the
outlet of the pump unit to apressure inlet of ajet pump, at the suction inlet of ajet pump, at the

outlet of thejet pump.

Preferably, the agueous solution contains at least 90% water, more preferably at least 95% water,
and most preferably at least 98% water; wherein the agqueous solution is for example demineralized

water. For such aqueous solutions aUV light decontamination device will be particularly effective.

The invention is especially advantageous for gasoline cars but may also be useful for diesal cars.

Brief description of the figures

The accompanying drawings are used to illustrate presently preferred non-limiting exemplary
embodiments of devices of the present invention. The above and other advantages of the features
and objects of the invention will become more apparent and the invention will be better understood
from the following detailed description when read in conjunction with the accompanying drawings,

in which:

Figure lillustrates schematically an exemplary embodiment of avehicle system with aUV light
decontamination module;

Figures 2A, 2B and 2C illustrate three variants of vehicle systems with aUV light decontamination
module and apump unit integrated in amodule mounted in awall of atank;

Figures 3A and 3B illustrate schematically across section of afirst and a second exemplary
embodiment of aUV light decontamination module, without and with liquid compartment,
respectively;

Figures 4A and 4B illustrate schematically across section and aperspective view of an exemplary

embodiment of aUV light decontamination module;
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Figure 5illustrate schematically a cross section of another exemplary embodiment of aUV light
decontamination module;

Figure 6 illustrates a perspective view of an exemplary embodiment of avehicle system with atank
in which aUV light decontamination module is arranged;

Figure 7 illustrates schematically across section of an examplary embodiment of avehicle system

with ajet pump.

Description of embodiments

Figure lillustrates avehicle system 1000 for injecting an aqueous solution A in an air intake line
200 upstream of acombustion chamber 400 of an internal combustion engine (not shown).
Alternatively the aqueous solution A may be injected directly in the combustion chamber 400 of
the internal combustion engine. More generally the agueous solution A may be injected anywhere
aslong as the injection is such that the air A injected in the combustion chamber 400 is cooled. The
agueous solution A is preferably a solution containing at least 90% water, more preferably at |east
95% water, and most preferably at least 98% water. The agueous solution A ise.g. demineralized
water. In other embodiments methanol may be added to the aqueous solution A to lower the

freezing point.

The vehicle system 1000 in figure 1 comprises atank 500 for storing the agueous solution A ; a
pump unit 110 inside tank 500; an air intake line 200 upstream of a combustion chamber 400 of an
internal combustion engine; an injection system 300; and a UV light decontamination module 700.
UV light decontamination module 700 is configured for decontaminating aqueous solution A
stored in tank 500 by emitting UV light on agueous solution A in tank 500. UV light
decontamination module 700 is arranged in awall of tank 500. UV light decontamination module
700 will be described in more detail referring to figures 3 and following. Injection system 300
comprises an injector 310 configured for injecting agueous solution A in air intake line 200 and a
feed line 350 connecting pump unit 110 to injector 310 such that aqueous solution A from the tank
500 can be pumped to the injector 310. By arranging the pump unit 110 in the tank, the injection
system 300 can have asimple configuration. Generally it will be sufficient to have one line (feed
line 350) between tank 500 and injector 310. Indeed, if pump 110 were to be located close to the
injector, along return line may be required. When the tank 500 is located in the back of the car, the
provision of pump unit 110 inside tank 500 enables a significant reduction in required line length
compared to prior art solutions where the pump unit islocated in the engine compartment.
However, other embodiments of the invention may have apump unit 110 outside tank 500. Pump

unit 110 may comprise e.g. agear pump and amotor (e.g. aBLDC motor).
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The vehicle system 1000 may comprise more than one injector 310 configured for injecting
agueous solution A in air intake line 200. In such an embodiment, at least one feed line 350 is
arranged for connecting pump unit 110 to the plurality of injectors 310 such that aqueous solution

A from the tank 500 can be pumped to the corresponding injectors 310.

Figures 2A and 2C illustrate more detailed exemplary embodiments of tank 500 according to the
embodiment in figure 1, where pump unit 110 is arranged in amodule 100. Module 100 is
mounted in an opening 550 in the tank 500. Tank 500 has abottom wall 510, atop wall 520 and a
sidewall 530 connecting the bottom wall 510 with the top wall 520. In the illustrated embodiment
opening 550 is arranged in bottom wall 510, wherein, in the mounted position of tank 500, bottom

wall 510 corresponds with the lowest face of tank 500.

According to another embodiment illustrated in figure 2B, opening 550 may be arranged in
sidewall 530. In this exemplary embodiment, pump unit 110 is arranged in amodule 100, and
pump unit 110 may be arranged fully or partialy outside of the tank, see figure 2B. It is noted that
also in the embodiment of figure 2A and 2C module 100 may protrude out of the bottom wall 510,
with pump unit 110 arranged fully or partially outside tank 500.

According to the exemplary embodiments shown in figures 2A-2C, aUV light decontamination
module 700 configured for decontaminating aqueous solution A stored in tank 500, isarranged in a
wall of tank 500, here in bottom wall 510 of tank 500. However, in other embodiments UV light
decontamination module 700 may be arranged in sidewall 530 of tank 500.

According to the exemplary embodiments of figures 2A-2C, module 100 may comprise at least one
of the following components (not shown): aheater for heating aqueous solution A in tank 500; a
level sensor for sensing the level of the agueous solution A in tank 500; a quality sensor for
measuring the quality of the aqueous solution A in tank 500; afilter, optionally integrated in pump
unit 110 for filtering the aqueous solution A before it is transported through feed line 350; a
controller for controlling any one or more of the components of the module 100. This controller

may also decontamination device 700.

According the exemplary embodiments of figures 2A-2C, there is provided areturn line 360
integrated in module 100. Pump unit 110 has an inlet 111 for receiving agqueous solution A from
tank 500 and an outlet 112 connected to feed line 350. Return line 360 connects feed line 350 with
the interior of tank 500, and may be connected to an inlet 711 of UV light decontamination module

700, see figure 2A and 2B. However, in other embodiments an outlet of return line 360 may be
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arranged close to a space where UV light is emitted (without being connected toinlet 711 of UV
light decontamination module 700), such that aflow iscaused in said liquid space. For example, an
outlet of return line 360 may be directed towards to the liquid space where UV light is emitted.
According to other embodiments, see e.g. figure 2C, an outlet 712 of UV light decontamination
module 700 may be connected to a suction inlet 111 of pump unit 110, and the inlet 711 may be
arranged for receiving agqueous solution A from tank 500. Also for this embodiment it is noted that
the suction inlet 111 may be arranged close to aliquid space where UV light isemitted (without
being connected to outlet 712 of UV light decontamination module 700), such that aflow is caused
in said liquid space. Inthat regard, it isfurther noted that UV light decontamination module 700
may comprise aclosed liquid compartment with a separate inlet 711 and outlet 712, but may also
comprise an open liquid compartment or no liquid compartment at all, see the embodiments of
figures 3 and following which will be described below. More generaly, preferably UV light
decontamination module 700 is arranged such that pump unit 110 can cause aflow of agueous

solution A through aliquid space where UV light is being emitted.

Return line 360 may be connected to feed line 350 in module 100. Return line 360 may comprise a
check valve 160 in order to regulate the return flow. It is noted that figures 2A-2C are schematic
drawings and that inlet 111is preferably located aslow as possible in the tank, and more generally
below the minimum filling level. Also inlet 711 of UV light decontamination module 700 is
preferably located aslow as possible in the tank, and more generally below the minimum filling

level.

According to afurther embodiment, module 100 with pump unit 110 and UV light

decontamination module 700 may be integrated in a single module (not shown).

Figures 3A and 3B illustrate two exemplary embodiments of aUV light decontamination module
700 configured for decontaminating aqueous solution A stored in atank with awall 510, 520, 530,
by emitting UV light. UV light decontamination module 700 is arranged in awall 510, 520, 530 of
the tank, and comprises alight source compartment 720 which is accessible from an external area
E externa to the tank, and alight transmission member 760 configured to transmit UV light from

light source compartment 720 to aliquid space L accessible by agueous solution A stored in the

tank. Light source compartment 720 isformed in ahousing 750.

Light source compartment 720 comprises alight source 730 configured and arranged to emit UV
light through light transmission member 760 to the liquid space L accessible by agueous solution A

stored in the tank. Light source 730 may comprise at least one LED 732, optionally in combination
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with at least one lens element (not shown). Preferably, the light source 730 comprises a support
731 such as a PCB, on which the at least one LED 732 is mounted. Light source 730 may be

connected using connection wires 735.

Light transmission member 760 may be atransparent plate, e.g. aplate made of quartz, fused
silica, or fluorinated ethylene propylene plastic. In other embodiments light transmission member
760 may be alens element configured to converge emitted light to liquid space L. Light
transmission member 760 is sealingly mounted in UV light decontamination module 700 such that

there is provided aliquid-tight light source compartment 720.

Light source 730 is arranged in light source compartment 720 using avibration absorbing part 740
such that vibrations of the tank are at least partially absorbed in the vibration absorbing part 740.
Preferably vibration absorbing part 740 comprises an elastically deformable material which is
compressed between light source 730 and awall delimiting the light source compartment 720. In
the illustrated embodiment the vibration absorbing part 740 is compressed between support 731 of
light source 730 and an inner wall 722 delimiting light source compartment 720. Preferably, the
elastically deformable material may have a modulus of Y oung between 0.05 MPa and 3 MPa at

atmospheric pressure and at atemperature of 293K.

In the embodiment of figure 3B an external cap 780 is provided to close light source compartment
720. Such an external cap 780 will further prevent the light source against dust. External cap 780
may comprise asea (not shown) such that light source compartment 720 is closed in a sealing
manner. In such an embodiment external cap 780 may also compress vibration absorbing part 740.
In such an embodiment it is also possible that the vibration absorbing part 740 isonly compressed
between external cap 780 and aridge 756 protruding from the inner wall 722. Generally, the
elastically deformable material 740 may be compressed in any manner in the light source
compartment 720 as long as it can absorb vibrations from the tank. Preferably the compression of
the elastically deformable material 740 is between 5% and 70%, more preferably between 10% and

60 %. In that manner agood absorption of the vibrations can be achieved.

The vibration absorbing part 400 may be applied by potting aresin material on the support 731.
Theresin material may have athermal conductivity at atmospheric pressure and 293K which is
higher than 1Wm'K-!. In that manner heat generated by light source 730 can be thermally
conducted through the vibration absorbing part 400 to the external area E outside of the tank.
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In the embodiment of figure 3B UV light decontamination module 700 further comprises aliquid
compartment 710 in fluid communication with aqueous solution A in the tank. Liquid compartment
710 is separated from light source compartment 720 by awall comprising light transmission
member 760. Light transmission member 760 is here atransparent plate supported on ridge 756
and sealingly fixed by seal ring 765 and insert 767 which presses seal ring 765 against an interface
between an edge of light transmission member 760 and an inner wall of housing 750. The insert

767 may be ahollow part which isfixed e.g. by screw thread, in housing 750.

Housing 750 of UV light decontamination module isformed by atube-like section extending
through awall 510, 520, 530 of the tank. An outer wall of housing 750 may be provided with a
connecting flange 755 suitable for being welded to the tank material. Alternatively housing 750
may be provided with other means allowing the mounting of the module 700 in an opening in a
wall of atank, such as abayonet coupling means. Tube-like section 750 has afirst end 751 in the
tank and a second open end 752 outside of the tank. In the embodiment of figure 7A, light
transmission member 760 is sealingly mounted at the first end 751. In the embodiment of figure
7B, light transmission member 760 is sealingly mounted between the first end 751 and the second
end 752, such that liquid compartment 710 islocated between light transmission member 760 and
first end 751, and the light source compartment 720 is located between the light transmission

member 760 and second open end 752.

Preferably UV light decontamination module 700 of figure 3A or 3B is arranged in the tank such
that apump unit (not shown) can cause aflow of agueous solution A through the liquid space L
adjacent light transmission member 760. It is noted that the pump unit may be located inside or

outside the tank.

Asexplained in connection with figures 2A-2C, areturn line 360 connected to the outlet 112 of the
pump unit 110 may be directed towards the liquid space L adjacent the light transmission member
760 or may end in the liquid space L . Preferably the distance between an outlet end of the return
line 360 and the light transmission member 760 is smaller than 10 cm, more preferably smaller
than 5cm. Alternatively asuction inlet 111 may be located near or in the liquid space L adjacent
the light transmission member 760. In that case, preferably the distance between the suction inlet
111 and the light transmission member 760 is smaller than 10 cm, more preferably smaller than

5cm.

Figures 4A and 4B illustrate another exemplary embodiment of aUV light decontamination

module 700. The embodiment is similar to the embodiment of figure 3B and the same reference
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numerals have been used to refer to the same or similar components. In the embodiment of figures
4A and 4B the first end 751 of the tube-like housing 750 is an open end 751 closed by an internal
cap 770 and the second open end 752 thereof is closed by an external cap 780. Aninlet 711 from
the tank to the liquid compartment 710 is provided in the tube-like housing 750. Further, an outlet
712 from the liquid compartment 710 to the tank is provided in the tube-like section 750.
Alternatively theinlet 711 and/or the outlet 712 could be provided in the internal cap 770. The inlet
711 and outlet 712 are arranged for receiving and discharging agqueous solution A from and to the
tank, respectively. The volume of the liquid compartment 710 may be rather small, e.g. between
6000 mm?3 and 20000 mm3, preferably between 8000 and 160000 m3. The inventors have found
that for tanks with avolume between 5 and 20 1, when using aflow rate between 5 and 100 1/h, a

good decontamination of the agueous solution A may be obtained.

Asexplained in connection with figures 2A-2C, the return line 360 connected to the outlet 112 of
the pump unit 110 may be connected to the inlet 711 of the liquid compartment 710. Alternatively
the suction inlet 111 of the pump unit 110 may be connected to the outlet 712 of the liquid

compartment 710.

Optionally, wherein an inner wall of the liquid compartment 710, i.e. an inner side of internal cap
770 and/or an inner wall of tube-like section 750 may be provided with areflector such as a
reflective coating configured for reflecting UV light emitted by light source 730.

Figure 5illustrates another exemplary embodiment of aUV light decontamination module 700.
The embodiment is similar to the embodiment of figure 3B and the same reference numerals have
been used to refer to the same or similar components. In the embodiment of figure 5 the vibration
absorbing part 740 surrounds the support 731 over at least abottom surface thereof and the side
edges. The vibration absorbing part 740 is made of an elasticaly deformable material which is
compressed between support 731 of light source 730 and awall delimiting the light source
compartment 720. In the illustrated embodiment the vibration absorbing part 740 is compressed
between support 731 of light source 730 and an inner wall 722 delimiting light source
compartment 720. Further an elastic material 769 is provided between light transmission member
760 and ridge 756 capable of allowing light transmission member 760 to move slight downward in
case of ice formation. Although not illustrated in figures 3A, 3B, 4A and 4B, the skilled person

understands that also in those embodiments similar measures may be taken.

Figure 6 illustrates an exemplary embodiment of avehicle system 1000 with amodule 100

arranged in an opening of the bottom wall of tank 500, and a UV decontamination module 700
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arranged in another opening of the bottom wall of tank 500, in asimilar manner as shown in
figures 2A and 2C. UV decontamination module 700 may be implemented according to any one of
the embodiment described above. Module 100 comprises acompartment 105, and a pump unit 110
arranged in compartment 105. Pump unit 110 may have a suction inlet (not visible) at the lower
end of pump unit 110. The outlet (not visible) of pump unit 110 may be located at alower end of
pump unit 110. The suction inlet or the outlet of the pump unit 110 may be connected to the UV
decontamination module 700 in any one of the ways. The module 100 may comprise aportion of
feed line and areturn line including acheck valve, asin the embodiment of figure 2A or 2C. A
heater 120 isprovided adjacent cylindrical compartment 105 of module 100. Heater 120 is
preferably an electrical heater. In the illustrated embodiment the heater is aflexible electrical
heater 120 comprising aflexible sheet with integrated electrical tracks. The flexible heater
comprises acentral portion intended for extending paralel to awall of the tank 500, and four flaps
which may be attached to tank portions on the inside of the tank. Central portion isprovided with
an opening through which compartment 105 protrudes. Compartment 105 has a shape which is
such that an inner volume is created for receiving the pump unit 110, and afurther volume for

receiving alevel sensor 130.

The tank 500 comprises abottom shell 500b and atop shell 500a. The flexible electrical heater 120
is arranged in the bottom shell 500b and extends over the bottom wall and aportion of the side
wall. Attachment pads 505 may be arranged against a side wall 530 of the tank 500. Further a
controller 180 may be provided to control one or more components of the module 100 and of the
module 700. The upper shell 500a is provided with afiller pipe 540 for filling the tank 500 with

agueous solution A.

In exemplary embodiments of the invention, preferably, the pump unit 110 may generate aflow of
between 5 and 100 /h through the return line 360. Further, the controller ispreferably configured
to control pump unit 110 in function of the RPM of the vehicle. When the RPM reaches a
predetermined threshold, the pump unit 110 is made to pump with aflow speed within a
predetermined range. Although agear pump is advantageous for use in exemplary embodiments,

also other pumps may be used, e.g. agerotor pump, aturbine pump, a membrane pump, apiston

pump.

Figure 7 illustrates yet another exemplary embodiment of atank 500 for storing agueous solution
A. A module 100 isarranged in afirst opening in awall of tank 500, and aUV light
decontamination module 700 is arranged in a second opening in awall of tank 500. Tank 500 is

provided with afiller pipe 540 for filling tank 500 with agqueous solution A. Module 100 and 700
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may be arranged in the respective opening in bottom wall 510 of tank 500, e.g. by welding or by
any other suitable connection means, e.g. using aring-nut system screwed onto athread on tank

500, or using aclosure system of the bayonet type.

Module 100 comprises afeed pump unit 110 and ajet pump 800. Feed pump unit 110 is connected
for pumping aqueous solution A from the tank 500 to afeed outlet 112. Feed outlet 112 isintended
for being connected to afeed line 350 for injecting aqueous solution A by an injector. Jet pump
800 has a suction inlet 810, apressure inlet 820 and an outlet 830. Pump unit 110 isfurther
connected for pumping agueous solution along ajet flow path. Thejet flow path extends from an
inlet 111 of feed pump unit 110 to an outlet 112 of feed pump unit 110 through areturn line 360
between outlet 112 and pressure inlet 820 of jet pump 800, to outlet 830 of jet pump 800. Suction
inlet 810 of jet pump 800 is connected to a suction line 790 arranged for receiving agueous
solution from the UV decontamination module 700. Outlet 830 of jet pump 800 is arranged for
returning agueous solution from suction inlet 810 and from pressure inlet 820 to the tank 500. In
this way, the agueous solution being transferred by thejet pump 800 through the suction line 790 is
decontaminated by the UV light decontamination device 700.

Alternatively (not shown) the inlet 701 of UV light decontamination module may be connected to
outlet 830 of jet pump 800, and suction inlet 811 could then be arranged to suck agueous solution
out of the tank 5. Especially when the tank 500 comprises two compartments, suction inlet 111
may be arranged in afirst compartment of the tank 500 and suction inlet 810 may then be arranged
in the second compartment.

In alternative embodiments the jet pump 800 in the embodiment of figure 7 may be arranged
outside of the tank 500.

Whilst the principles of the invention have been set out above in connection with specific
embodiments, it isto be understood that this description is merely made by way of example and

not as alimitation of the scope of protection which is determined by the appended claims.
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Claims

A vehicle system comprising:
atank (500) for storing an agueous solution (A);
aUV light decontamination module (700) configured for decontaminating aqueous
solution stored in the tank (500);
said UV light decontamination module being arranged in awall of the tank, and
said UV light decontamination module comprising:
alight source compartment (720) which is accessible from an external area (E)
outside of the tank (500); and
alight transmission member (760) configured to transmit UV light from the light
source compartment to aliquid space (L) in aliquid compartment in fluid
communication with the tank;
said light source compartment comprising alight source (730) configured and
arranged to emit UV light through the light transmission member to the liquid space
(L);
wherein the liquid compartment (710) is provided with at least one inlet (711) and at least
one outlet (712) for receiving and discharging agueous solution from and to the tank,
respectively, wherein the volume of the liquid compartment (710) is between 6000 mms3
and 20000 mm3,

The vehicle system according to the preceding claim, comprising avibration absorbing
part (740) adapted to absorb vibrations; said vibration absorbing part (740) comprising an
elastically deformable part located between the light source and awall delimiting the light

source compartment.

The vehicle system according to the preceding claim, wherein the elastically deformable
part is compressed, and the compression is between 5% and 70%, more preferably between
10% and 60 %.

The vehicle system according to any one of the preceding claims, wherein the UV light
decontamination module (700) comprises the liquid compartment (710) in fluid
communication with the tank, wherein the light transmission member (760) or awall
comprising the light transmission member separates the liquid compartment (710) from the

light source compartment (720).
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The vehicle system according to any one of the preceding claims, wherein the volume of
the tank is between 5 and 15 1; wherein preferably the vehicle system is configured to

generate aflow rate between 5 and 15 1/h in the liquid compartment.

The vehicle system according to any one of the preceding claims, wherein the liquid

compartment islocated inside the tank.

The vehicle system according to any one of the previous claims, wherein the UV light
decontamination module comprises atube-like section (750) extending through awall of
the tank, said tube-like section (750) having afirst end (751) in the tank and a second open
end (752) outside of the tank, wherein the light transmission member is sealingly mounted
between the first and the second end, so that the liquid compartment (710) is located
between the light transmission member and the first end, and the light source compartment

is located between the light transmission member and the second open end.

The vehicle system according to the preceding claim, wherein the first end is an open end
closed by aninterna cap (770); and/or wherein the second open end (752) is closed by an
external cap (780).

The vehicle system according to any one of the preceding claims, further comprising a
pump unit (110), preferably at least partially located inside the tank (500), wherein the UV
light decontamination module is arranged such that the pump unit can cause aflow of

aqueous solution through the liquid space (L) adjacent the light transmission member.

The vehicle system according to the preceding claim, wherein the pump unit (110) is

integrated in the UV light decontamination module.

The vehicle system according to claim 9 or 10, further comprising an injector (310) and a
feed line (350) connecting an outlet of the pump unit (110) to the injector (310) such that
aqueous solution from the tank (500) can be pumped to the injector (310); and areturn line
(360) connected to the outlet of the pump unit; wherein the return line is directed towards

the liquid space (L) adjacent the light transmission member.
The vehicle system according to claim 11, wherein the return line is connected to the at

least one inlet of the liquid compartment.

The vehicle system according to any one of the previous claims, wherein the tank (500)

has abottom wall (510), atop wall (520) and asidewall (530) connecting the bottom wall
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(510) with the top wall (520), wherein the UV light decontamination module is arranged in
the bottom wall (510), wherein, in the mounted position of the tank (500), the bottom wall
(510) corresponds with the lowest face of the tank (500).

The vehicle system according to any one of the previous claims, wherein the light

transmission member is atransparent member.

The vehicle system according to any one of the previous claims, wherein the light
transmission member is mounted moveably so that it allows a movement in the direction of

the light source compartment.

A vehicle system comprising:
atank (500) for storing an agueous solution (A);
aUV light decontamination module (700) configured for decontaminating aqueous
solution stored in the tank (500);
said UV light decontamination module being arranged in awall of the tank, and
said UV light decontamination module comprising:
alight source compartment (720); and
alight transmission member (760) configured to transmit UV light from the light
source compartment to aliquid space (L) in aliquid compartment in fluid
communication with the tank;
said light source compartment comprising alight source (730) configured and
arranged to emit UV light through the light transmission member to the liquid space
(L);
wherein the liquid compartment (710) is provided with at least one inlet (711) and at least
one outlet (712) for receiving and discharging agueous solution from and to the tank,
respectively, wherein the volume of the liquid compartment (710) is between 6000 mms3
and 20000 mm3,

The vehicle system according to the preceding claim, comprising avibration absorbing
part (740) adapted to absorb vibrations; said vibration absorbing part (740) comprising an
elastically deformable part located between the light source and awall delimiting the light

source compartment.

The vehicle system according to the preceding claim, wherein the elastically deformable
part is compressed, and the compression is between 5% and 70%, more preferably between

10% and 60 %.
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The vehicle system according to any one of the claims 16-18, wherein the UV light
decontamination module (700) comprises the liquid compartment (710) in fluid
communication with the tank, wherein the light transmission member (760) or awall
comprising the light transmission member separates the liquid compartment (710) from the

light source compartment (720).

The vehicle system according to any one of the claims 16-19, wherein the volume of the
tank isbetween 5 and 15 1; wherein preferably the vehicle system is configured to generate

aflow rate between 5 and 15 1/h in the liquid compartment.

The vehicle system according to any one of the preceding claims, wherein the liquid

compartment islocated inside the tank.

The vehicle system according to any one of the preceding claims, wherein the light source

comprises at least one LED source.

The vehicle system according to any one of the preceding claims, further comprising an
injector, wherein the vehicle system is configured to pump aqueous solution through the

liquid compartment whilst at the same time pumping aqueous solution to the injector.

The vehicle system according to any one of the preceding claims, further comprising an
injector, wherein the vehicle system is configured to be controlled to bein an injection
mode or in abio-decontamination mode, wherein the vehicle system is configured for
pumping aqueous solution through the liquid space in the bio-decontamination mode and

for pumping aqueous solution to the injector in the injection mode.

The vehicle system according to any one of the preceding claims, wherein ahousing of the

UV light decontamination module iswelded to awall of the tank.
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