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Connecting device between a liquid tank made of plastic material and a
Liquid Delivery Module on board of a vehicle

The present invention relates to a connecting device between a liquid
tank made of plastic material and a Liquid Delivery Module on board of a
vehicle, said connecting device being provided to form a swirl pot. The
invention relates also to a liquid tank made of plastic material comprising said
connecting device and to a method for manufacturing a liquid tank made of
plastic material comprising said connecting device.

Liquid Delivery Modules (LDM) on board of vehicle are generally
equipped with a swirl pot that holds the liquid close to the pump inlet. In an
automotive vehicle, the swirl pots ensure a constant supply of liquid under
harsh cornering and braking forces, minimizing the risk of liquid pump failure
due to liquid starvation and insuring the delivering of liquid to other parts of the

vehicle such as the engine or the depollution system.

Due to high development costs of Liquid Delivery Modules (LDM),
manufacturers tend to standardize this component. In case of standardization,
the swirl pot of the Liquid Delivery Module will have a fixed design that
sometimes does not accommodate with the shape of the tank. For example,
the height of the tanks might be too low compared to the height of a
standardized swirl pot, and reducing the height of the swirl pot just for those
low profile tanks will penalize the performance of the Liquid Delivery Module
(LDM). Alternatively, an LDM without swirl pot can be used in conjunction with
an injected tank. In an injected tank, the swirl port and the tank constitute a
monoblock assembly, the swirl pot being a part the tank obtained during the
manufacture of the tank shell. Nevertheless, the investments for injected tanks
are very expensive and not always a viable option when considering the

business case.

US 2009/0134175 discloses a specific swirl pot inserted during a blow
molding method requiring a specific blow molding machine. Unfortunately, the
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method and machine disclosed lead to high investments killing the profitability

of such solution.

The invention aims at providing a swirl pot and a method to manufacture
a tank made of plastic material comprising said swirl pot that do not show the
above problems.

In particular, it is a first objective of the invention to provide a connecting
device between a liquid tank made of plastic material and a Liquid Delivery
Module on board of a vehicle, said connecting device being provided to form a

swirl pot.

A second objective of the present invention is also to provide a liquid
tank made of plastic material comprising said connecting device.

A third objective of the present invention is to provide a manufacturing
method of a liquid tank made of plastic material comprising said connecting
device.

According to a first embodiment of the invention, these objectives are
reach with a connecting device between a liquid tank made of plastic material
and a Liquid Delivery Module on board of a vehicle, wherein said connecting
device comprises a tubular member provided to be inserted into the liquid tank,
said tubular member having a first end portion and a second end portion
provided to constitute a swirl pot, and a flange located on the external part of
the tubular member, a surface of the flange being provided to be welded to an
external surface of a tank wall, the connecting device comprising a connecting
means on the first end portion of the tubular member, said first end portion
being located on the tubular member relative to the flange on the other side of
the flange surface provided to be welded to the tank, said connecting means
being provided for the fixing of the Liquid Delivery Module to the tubular

member, the second end portion of the tubular member comprising an opening
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provided to allow entry of the liquid in the tubular member, the first end portion
comprising an opening provided for the insertion of the Liquid Delivery Module.

The connecting device according to the invention allows creating a swirl

pot comprising a Liquid delivery Module adaptable to various tank dimensions.

According to a preferred embodiment of the invention, the connecting
means on the first end portion of the tubular member being provided for the
fixing of the Liquid Delivery Module to the tubular member is an assembly
means comprising a seal. Preferably, the assembly means comprising a seal is
selected from the group consisting of a mason jar, a cam-lock and an inverted
cam-lock. A connecting means provided for the fixing of the Liquid Delivery
Module to the tubular member comprising an assembly means comprising a
seal ensures the serviceability of the Liquid Delivery Module as said module
can be dismounted from the tank made of plastic material.

According to a particular embodiment of the invention, the flange of the
connecting device is located close to the first end portion of the tubular
member. A flange located close to the first end portion permits to obtain a
compact assembly comprising a tank, a connecting device and a Liquid
Delivery Module. Moreover, it permits also to obtain a less protruding Liquid
Delivery Module outside the tank made of plastic material. By the expression
“close to the first end portion”, we intend to mean that the flange can be
located directly on the first end portion of the tubular member or near said first
end portion.

According to a particular embodiment of the invention, the second end
portion of the tubular member comprises at least a slit and/or a sloped upper
part. A second end portion of the tubular member comprising at least a slit
and/or a sloped upper part permits a feeding by the liquid inside the tank once
the liquid level goes below the second end portion of the tubular member. By

the expression “the second end portion of the tubular member comprises at
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least a slit”, we intend to mean that a slit starts from the second end portion of
the tubular member, said slit being not limited to the said second end portion.

According to a preferred embodiment of the invention, the tubular
member of the connecting device has a circular section. A connecting device
having a circular section permits an ideal fitting with the circular opening
habitually performed in the tank made of plastic material. Said opening in the

tank made of plastic material is usually made with a boring operation.

According to a preferred embodiment of the invention, the Liquid
Delivery Module comprises a pump configured to pump liquid from the swirl pot
and to deliver it to a supply line, preferably via a hydraulic connector.
Preferably, the Liquid Delivery Module and/or the swirl pot comprises a heating
element, preferably a flexible heating element. Such a heating element allows
thawing of the liquid contained in the swirl pot when the liquid is in a frozen
state. The Liquid Delivery Module and/or the swirl pot incorporates (that is to
say, is equipped with) a heating element having at least one flexible part. The
qualifier “flexible” is in fact understood to mean “easily deformable”, this
generally being in a reversible manner. Generally, this corresponds to a
flexural rigidity (defined as being equal to (Eh®)/(12(1- v?)) where E is the
Young's modulus of the flexible part measured according to the ASTM D790-
03 standard, h is its thickness and v is the Poisson's ratio of its constituent
material) below 4000 N-m; preferably, in the context of the invention, the
rigidity of the flexible part is less than or equal to 1000 N-m, or 100 N-m or
even 10 N-m and most particularly preferably, less than or equal to 1 N-m.
Preferably, this flexible part is a flexible heater, that is to say a heater
comprising one or more resistive track(s) affixed to a film or placed between
two films (that is to say two substantially flat supports, the material and
thickness of which are such that they are flexible). This film is preferably made
of a plastic (although any other insulating material may be suitable) and, in
particular, is based on an elastomer. Reference will subsequently generally be

made to several resistive tracks. In this variant, for the flexural rigidity
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calculation defined above, the Poisson's ratio will preferably be taken to be that
of the constituent material of the film or films. The resistive tracks may be
based on metal, carbon, etc. or even a combination of such conductive
materials. They are generally metallic (and most particularly preferably, made
of a urea-resistant metal such as a stainless steel). They are generally
sandwiched between two flexible films. They are applied (for example, by jet
printing techniques) onto a flexible film and then covered with another flexible
film or overmoulded using an insulating (preferably elastomeric) material. The
two films are then firmly attached together (for example, by vulcanization) to
ensure sealing around the resistive tracks. These tracks are preferably
connected in parallel so that if one of the tracks is damaged, it does not
impede the operation of the other tracks. The flexible films may be made of
silicone resin, polyolefin (polyethylene or polypropylene), thermoplastic
elastomer (or TPE), polyester, polyimide (such as the KAPTON® resin), etc.
Preferably, they are based on silicon, polyolefin or TPE considering the fact
that polyester and polyimide have a lower resistance to urea, particularly at
high temperature. The flexible films may also comprise several superposed
layers of resistors (resistive tracks). They may also comprise a glass-fibre
coating to improve their mechanical strength. Stainless steel resistive tracks
sandwiched between two silicone resin films, one of which is covered with a
network of glass fibres, give good results.

According to a preferred embodiment of the invention, the connecting
device, preferably the swirl pot, comprises an upper mechanical protection
means for a flexible heater, preferably for a flexible heater of the Liquid
Delivery Module. Preferably, the upper mechanical protection means

comprises an abutment.

According to a preferred embodiment of the invention, a plurality of ribs
is provided between the internal diameter of the first end portion and the
internal diameter of the second end portion, in order to reinforce the structural

resistance of the connecting device.
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According to a preferred embodiment of the invention, the second end
portion further comprises an upper mechanical protection means, for example
an abutment or a finger. Those upper mechanical protection means are
provided to protect a part of the Liquid Delivery Module, this part being
preferably a heating element, which heating element has preferably at least
one flexible part. Thus, the upper mechanical protection means prevents the
part of the Liquid Delivery Module, e.g. the heating element, to be
moved/vibrated and to be damaged.

A second objective of the present invention is also to provide a liquid
tank made of plastics material comprising the connecting device according to

the invention.

The liquid tank made of plastics material for an automotive application
according to the invention comprises an opening, a swirl pot arranged in an
interior of the opening, wherein said swirl pot comprises a connecting device
according to any one of the previous embodiments, wherein the flange of the
connecting device is welded to an edge of the opening of the wall of the tank,
outside said tank, said wall tank being the bottom wall of the tank, wherein the
tubular member of the connecting device is in fluidic communication with the
tank through an opening of the second end portion of the tubular member. The
tank according to the invention has the ability of the tank to keep delivering the
liquid it contains (fuel, urea solution) at low volumes to other parts of the
vehicle such as the engine or the depollution system. The connecting device
used in the tank according to the invention allows creating a swirl pot
comprising a Liquid delivery Module adaptable to various tank dimensions.
Moreover, a swirl pot having a tubular shape is more compact.

According to a preferred embodiment, the liquid tank according to the
invention is such that the section of the tubular member between the second
end portion and the flange has a diameter substantially equal to the diameter

of the opening in the tank wall. A section of the tubular member between the



WO 2020/173979 PCT/EP2020/054985

10

15

20

25

30

7

second end portion substantially equal to the diameter of the opening in the
tank wall permits to have an optimized swirl pot capacity.

According to a preferred embodiment, the liquid tank according to the
invention is such that the angle a between a plan comprising the
circumference of the upper part of the second end portion and a plan
comprising the bottom wall of the tank is in the range of 0° = a = 40°,
preferably in the range of 0° < a = 30°, more preferably in the range of 10° = a
< 20°, even more preferably is equal to 16,7°. A swirl pot having a slopped
upper part of the second end portion ensures a minimum volume of liquid
close to the pump in some specific slopes of the car makes the filling of the
swirl pot easier and keeps the highest wall oriented to fit to the most critical
slope only. Moreover, the angle o between the plan comprising the
circumference of the upper part of the second end portion and a plan
comprising the bottom wall of the tank must be lower than or equal to 40°,
preferably lower than or equal to 30°, such an angle permits to avoid a waste
of useful volume of the swirl pot. The angle a depends on the diameter of the
swirl pot which depends on the diameter of the pump. The angle a further
depends on the minimum volume of liquid it is desired to keep in the swirl pot

for a given maximum inclination of the tank.

According to a preferred embodiment, the liquid tank according to the
invention is such that the angle a between a plan comprising the
circumference of the upper part of the second end portion and a plan
comprising the bottom wall of the tank is in the range of 0° < a = 40°,
preferably in the range of 0° < a < 30°, more preferably in the range of 10°<a <
20°, even more preferably is equal to 16,7°. With such an angle, the ability to
fill the swirl pot is optimized when the tank is sloped in perpendicular directions
compared to the slit.

According to a preferred embodiment, the liquid tank according to the
invention is such that the angle a between a plan comprising the
circumference of the upper part of the second end portion and a plan
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comprising the bottom wall of the tank is equal to 0°. With such an angle, the
internal volume of the swirl pot is optimized, as the wall of the swirl pot is as tall

as it can be.

According to a preferred embodiment, the liquid tank according to the

invention has a volume between 15 to 25 litres.

According to a preferred embodiment, the liquid tank according to the
invention has an elongated shape, preferably with a ratio length / width
superior to 3 and a ratio length / height superior to 5, and preferably has a
length superior to 1 meter. The connecting device according to the invention is
particularly useful with such a liquid tank, due to the fact that the swirl pot then
ensure that a minimum volume of liquid remains usable to supply the pump of

the Liquid Delivery Module, even if the tank has an elongated shape.

According to a preferred embodiment, the liquid tank according to the
invention is such that the swirl pot has a volume between 0.3 to 5 litres. A swirl
port having a volume comprised in the range of 0.3 to 5 litres permits to
contain enough liquid to avoid a lack of fading of the other parts of the vehicle
(i.e. engine or depollution system) and in the same time to permit a long-lasting
welding of said swirl pot to the tank.

According to a preferred embodiment, the liquid tank according to the
invention is such that the ratio between the length of the slit on the second end
portion of the tubular member and the length of the wall of the swirl port is in
the range of 0.4 to 0.8, preferably in the range of 0.4 to 0.7. By the expression
“the length of the wall of the swirl port®, we intend to mean the length between
the highest point of the upper part of the second end portion of the tubular
member and the flange. A length slit comprised in the range of 0.4 to 0.8,
preferably in the range of 0.4 to 0.7, permits to select a slit swirl pot keeping
the minimum volume of liquid inside said swirl pot for the most critical slope

and having the lowest length needed. Those requirements might be in
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opposition so compromise must be found and such compromise might change

from one tank to another.

According to a preferred embodiment, the liquid tank according to the
invention is such that the direction of the slit on the second end portion of the
tubular member is perpendicular to the plan comprising the bottom wall of the
tank. A vertical slit permits to obtain a swirl pot having an efficiency of trapping
the liquid less dependent of the slope.

According to a preferred embodiment, the liquid tank according to the
invention is such that a Liquid Delivery Module is affixed to the first end portion
of the tubular member of the connecting device forming a base of the swirl pot.

According to a preferred embodiment, the liquid tank according to the
invention is such that the liquid to be contained in the liquid tank is an aqueous
solution. Generally, the aqueous solution is demineralized water or a urea
solution. Typically, the urea solution contains around 32.5% by weight high-
purity urea (CAS number 57-13-6) and 67.5% by weight demineralized water.
The high purity urea is defined according to the standard 1SO 22241. An
example of such ammonia aqueous solution is commercialized under the
trademark Adblue®. By the expression “demineralized water”, it has to be
understood a deionized water solution having a conductivity lower than or
equal to 1.0 uS/cm at 25°C according to the standard 1SO 3696:1987. An
aqueous solution is preferred rather than a fuel because in a fuel tank it is
preferred to have the pump entirely inside the tank rather than passing through
the tank wall in order to avoid fuel leakage through a seal that could constitute
a fire risk.

According to a preferred embodiment, the liquid tank according to the
invention is such that it is made of polyethylene (PE) as well as the connecting
device. Thus, the swirl pot can be easily welded to the wall of the liquid tank. In
addition, a swirl pot made of polyethylene can withstand 100 °C and even
more without been damaged. It is consequently particularly suitable for a liquid
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tank configured to contain an aqueous solution. In addition, this is particularly
interesting when the Liquid Delivery Module comprises a heater.

According to a preferred embodiment, the liquid tank according to the
invention is such that it is configured to be obtained by a blow molding
process. Thus, the assembly of the connecting device that comprise a swirl pot
is possible with a blow molded tank comprising an opening, because it is not
possible to blow a swirl pot in a tank manufactured by blow molding.

A third objective of the present invention is to provide a manufacturing
method of a liquid tank made of plastic material comprising said connecting

device.

According to a preferred embodiment, the method for manufacturing a
liquid tank made of plastics material for an automotive application according to
the invention comprises the steps of:

¢ Providing a tank made of plastic material;

e Performing an opening in said tank;

e Welding the connecting device according to the invention to the bottom
wall of the tank via the flange;

e Fixing the Liquid Delivery Module to the connecting device according to

the invention.

The method according to the invention permits the manufacturing of
liquid tank made of plastics material for an automotive application in flexible

and adaptable way offering an adaptability of the swirl pot to the tank.

According to a preferred embodiment, the step of providing a tank made
of plastic material is such that the tank is realized by a blow molding process.

Particular and preferred aspects of the invention are set out in the
accompanying independent and dependent claims. Features from the
dependent claims may be combined with features of the independent claims
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and with features of other dependent claims as appropriate and not merely as
explicitly set out in the claims.

The above and other characteristics, features and advantages of the
present invention will become apparent from the following detailed description,
taken in conjunction with the accompanying drawings, which illustrate, by way
of example, the principles of the invention. This description is given for the
sake of example only, without limiting the scope of the invention. The
reference figures quoted below refer to the attached drawings.

Fig. 1 is a side elevation of a first embodiment of a connecting device
according to the invention.

Fig. 2 is a side elevation of a second embodiment of a connecting
device according to the invention.

Fig. 3 is a side elevation of a third embodiment of a connecting device
according to the invention.

Fig. 4 is a side elevation of a fourth embodiment of a connecting device
according to the invention.

Fig. 5 is a vertical cross-section of a tank comprising a Liquid Delivery
Module with a swirl pot.

Fig. 6 is a vertical cross-section of a tank comprising a Liquid Delivery
Module with a swirl pot on a sloping ground.

Fig. 7 is a vertical cross-section of a tank comprising a Liquid Delivery
Module without swirl pot on a sloping ground.

Fig. 8 is a vertical cross-section of a tank having a low height wherein a
Liquid Delivery Module with a fixed design swirl pot is fixed.

Fig. 9 is a vertical cross-section of a tank comprising a Liquid Delivery
Module with a swirl pot having a slit on a sloping ground.

Fig. 10 is a vertical cross-section of a tank comprising a Liquid Delivery
Module with a swirl pot having a slit on a sloping ground.

Fig. 11 is a vertical cross-section of a first embodiment of a tank

according to the invention presenting the connections between the Liquid
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Delivery Module and the connecting device according to the invention and the
welding of the connecting device to the tank.

Fig. 12 is a vertical cross-section of a second embodiment of a tank
according to the invention presenting the connections between the Liquid
Delivery Module and the connecting device according to the invention and the
welding of the connecting device to the tank.

Fig. 13 is an enlarged fragmentary view showing more details of the
tank according to the invention.

Fig. 14 is a side elevation of a fifth embodiment of a connecting device
according to the invention and of a part of a Liquid Delivery Module.

In the different figures, the same reference signs refer to the same or

analogous elements.

The present invention will be described with respect to particular
embodiments and with reference to certain drawings but the invention is not
limited thereto but only by the claims. The drawings described are only
schematic and are non-limiting. In the drawings, the size of some of the
elements may be exaggerated and not drawn on scale for illustrative purposes.
The dimensions and the relative dimensions do not correspond to actual

reductions to practice of the invention.

It is to be noticed that the term “comprising”, used in the claims, should
not be interpreted as being restricted to the means listed thereatfter; it does not
exclude other elements or steps. It is thus to be interpreted as specifying the
presence of the stated features, integers, steps or components as referred to,
but does not preclude the presence or addition of one or more other features,
integers, steps or components, or groups thereof. Thus, the scope of the
expression “a device comprising means A and B” should not be limited to
devices consisting only of components A and B. It means that with respect to
the present invention, the only relevant components of the device are A and B.
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Reference throughout this specification to “one embodiment” or “an
embodiment” means that a particular feature, structure or characteristic
described in connection with the embodiment is included in at least one
embodiment of the present invention. Thus, appearances of the phrases “in
one embodiment” or “in an embodiment” in various places throughout this
specification are not necessarily all referring to the same embodiment, but
may. Furthermore, the particular features, structures or characteristics may be
combined in any suitable manner, as would be apparent to one of ordinary skill

in the art from this disclosure, in one or more embodiments.

In the description provided herein, numerous specific details are set
forth. However, it is understood that embodiments of the invention may be
practiced without these specific details. In other instances, well-known
methods, structures and techniques have not been shown in detail in order not
to obscure an understanding of this description.

The invention will now be described by a detailed description of several
embodiments of the invention. It is clear that other embodiments of the
invention can be configured according to the knowledge of persons skilled in
the art without departing from the true spirit or technical teaching of the
invention, the invention being limited only by the terms of the appended claims.

Figure 1 illustrates a first embodiment of a connecting device 1 between
a liquid tank made of plastic material and a Liquid Delivery Module on board of
a vehicle according to the invention. The connecting device 1 according to the
invention comprises a tubular member 10 provided to be inserted into the
liquid tank, said tubular member 10 having a first end portion not shown on the
figure and a second end portion 101 provided to constitute a swirl pot, and a
flange 11 located on the external part of the tubular member 10, a surface 110
of the flange 11 being provided to be welded to an external surface of a tank
wall. The tubular member 10 has a circular section. The connecting device 1
comprises a connecting means 12 on the first end portion of the tubular
member 10, said first end portion being located on the tubular member 10
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relative to the flange 11 on the other side of the flange surface 110 provided to
be welded to the liquid tank. The flange 11 is located close to the first end
portion of the tubular member 10. The connecting means 1 provided for the
fixing of the Liquid Delivery Module to the tubular member 10 is a cam-lock.
The second end portion 101 of the tubular member 10 comprises an opening
1010 provided to allow entry of the liquid in the tubular member 10. The first
end portion comprises an opening for the insertion of the Liquid Delivery
Module. The second end portion 101 of the tubular member 10 comprises at
least a slit 1011.

Figure 2 illustrates a second embodiment of a connecting device 1
between a liquid tank made of plastic material and a Liquid Delivery Module on
board of a vehicle according to the invention. The connecting device 1
according to the invention comprises a tubular member 10 provided to be
inserted into the liquid tank, said tubular member 10 having a first end portion
not shown on the figure and a second end portion 101 provided to constitute a
swirl pot, and a flange 11 located on the external part of the tubular member
10, a surface 110 of the flange 11 being provided to be welded to an external
surface of a tank wall. The tubular member 10 has a circular section. The
connecting device 1 comprises a connecting means 12 on the first end portion
of the tubular member 10, said first end portion being located on the tubular
member 10 relative to the flange 11 on the other side of the flange surface 110
provided to be welded to the liquid tank. The flange 11 is located close to the
first end portion of the tubular member 10. The connecting means 1 provided
for the fixing of the Liquid Delivery Module to the tubular member 10 is a cam-
lock. The second end portion 101 of the tubular member 10 comprises an
opening 1010 provided to allow entry of the liquid in the tubular member 10.
The first end portion comprises an opening for the insertion of the Liquid
Delivery Module. The second end portion 101 of the tubular member 10
comprises at least a slit 1011. The differences between the first embodiment
illustrated on fig. 1 and the one presented on fig. 2 are:
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¢ the length of the second end portion 101 of the tubular member
10 which is lower and will permit to obtain a swirl pot with a
lower height inside the tank,

e the ratio between the distance between the highest point of the
second end portion 101 of the tubular member 10 and the flange
11 and the length of the slit 1011 is lower than the ratio of the

first embodiment.

Figure 3 illustrates a third embodiment of a connecting device 1
between a liquid tank made of plastic material and a Liquid Delivery Module on
board of a vehicle according to the invention. The connecting device 1
according to the invention comprises a tubular member 10 provided to be
inserted into the liquid tank, said tubular member 10 having a first end portion
100 and a second end portion 101 provided to constitute a swirl pot, and a
flange 11 located on the external part of the tubular member 10, a surface 110
of the flange 11 being provided to be welded to an external surface of a tank
wall. The tubular member 10 has a circular section. The connecting device 1
comprises a connecting means 12 on the first end portion 100 of the tubular
member 10, said first end portion 100 being located on the tubular member 10
relative to the flange 11 on the other side of the flange surface 110 provided to
be welded to the liquid tank. The flange 11 is located close to the first end
portion 100 of the tubular member 10. The connecting means 1 provided for
the fixing of the Liquid Delivery Module to the tubular member 10 is a cam-
lock. The second end portion 101 of the tubular member 10 comprises an
opening 1010 provided to allow entry of the liquid in the tubular member 10.
The first end portion 100 comprises an opening 1000 for the insertion of the
Liquid Delivery Module. The second end portion 101 of the tubular member 10

comprises a sloped upper part 1012.

Figure 4 illustrates a fourth embodiment of a connecting device 1
between a liquid tank made of plastic material and a Liquid Delivery Module on
board of a vehicle according to the invention. The connecting device 1

according to the invention comprises a tubular member 10 provided to be
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inserted into the liquid tank, said tubular member 10 having a first end portion
100 and a second end portion 101 provided to constitute a swirl pot, and a
flange 11 located on the external part of the tubular member 10, a surface 110
of the flange 11 being provided to be welded to an external surface of a tank
wall. The tubular member 10 has a circular section. The connecting device 1
comprises a connecting means 12 on the first end portion 100 of the tubular
member 10, said first end portion 100 being located on the tubular member 10
relative to the flange 11 on the other side of the flange surface 110 provided to
be welded to the liquid tank. The flange 11 is located close to the first end
portion 100 of the tubular member 10. The connecting means 1 provided for
the fixing of the Liquid Delivery Module to the tubular member 10 is a cam-
lock. The second end portion 101 of the tubular member 10 comprises an
opening 1010 provided to allow entry of the liquid in the tubular member 10.
The first end portion 100 comprises an opening 1000 for the insertion of the
Liquid Delivery Module. The second end portion 101 of the tubular member 10
comprises a sloped upper part 1012. The differences between the third
embodiment illustrated on fig. 3 and the one presented on fig. 4 are:

e the angle a between a plan comprising the circumference of the
upper part 1012 of the second end portion 110 and a plan
comprising the surface 110 of the flange 11 being provided to be
welded to an external surface of a tank wall flange,

¢ the distance between the highest point of the second end portion
101 of the tubular member 10 and the flange 12.

It is obvious that the angle a between a plan comprising the circumference of
the upper part of the second end portion (101) and a plan comprising the
bottom wall of the tank (2) is equivalent to the angle a between a plan
comprising the circumference of the upper part 1012 of the second end portion
110 and a plan comprising the surface 110 of the flange 11 being provided to
be welded to an external surface of a tank wall flange.
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It is not be noted that in the embodiments illustrated on Fig.1 and Fig.2, the
angle a between a plan comprising the circumference of the upper part of the
second end portion 101 and a plan comprising the bottom wall of the tank 2 is

equal to 0°.

Fig. 5 and 6 illustrate the role of a swirl pot 4 inside a tank made of
plastic material 2 and its effect on the sustainability performance in the
delivering of the liquid to the other parts of the vehicle by the Liquid Delivery
Module 3. The Liquid Delivery Module 3 comprises a pump configured to pump
liquid from the swirl pot 4 and to deliver it to a supply line, preferably via a
hydraulic connector. Preferably, the Liquid Delivery Module 3 and/or the swirl
pot 4 comprises a heating element, preferably a flexible heating element. For
example, the Liquid Delivery Module 3 and/or the swirl pot 4 incorporates (that
is to say, is equipped with) a heating element having at least one flexible part.
The level of the liquid 5 inside the tank 2 depends on the slope of the ground
but also on the movements of the vehicle. The swirl pot 4 permits to render the
delivery of the liquid less dependent on the ground orientation and on the
vehicle movements as shown on fig. 6 by having a reserve of liquid near the
Liquid Delivery Module 3 ready to be delivered. The swirl pot height must be
as high as possible ensuring good sustainability performance on a sloping

ground for example.

Fig. 7 illustrates the effect of an absence of swirl pot on the ability of the
Liquid Delivery Module 3 to deliver the liquid contained in the tank 2 and the
influence of the slope of the ground on the presence of the liquid 5 near the
Liquid Delivery Module 3.

Fig. 8 illustrates the limit of the use of a standardized swirl pot design 4
comprising a Liquid Delivery Module 3 which will not fit the dimensions of the
tank 2, the height of the swirl pot 4 exceeding the height of the tank 2.

Fig. 9 and 10 illustrate a swirl pot 4 comprising a slit 1011, said swirl pot
4 comprising a Liquid Delivery Module 3. The slit 1011 permits to overcome
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the problem of having a lower level of liquid 5 than the height of the swirl pot 4,
said low level of liquid 5 leading to a fluidic disconnection of the inside of the
swirl pot 3 with the tank 2. The slit 1011 position and its height is to be tailored
for a specific tank application and is a compromise between a sustainable
delivery performance and the limitation of the dynamic dead volume, i.e. the
volume that cannot be suck by the pump of the Liquid Delivery Module 3
despite the movements of the liquid 5 inside the tank 2 generated by the
movement of the vehicle and/or the slope of the ground. The slit 1011 must be
oriented in the less critical direction regarding the liquid level 5 inside the tank
2.

Fig. 11 illustrates a vertical cross-section of a first embodiment of tank 2
according to the invention presenting the connections between the Liquid
Delivery Module 3 and the connecting device 1 according to the invention and
the welding of the connecting device 1 to the tank made of plastics material 2.
The flange 11 of the connecting device according to the invention is welded to
an edge of the opening of the bottom wall of the tank 2. The tubular member of
the connecting device 1 is in fluidic communication with the tank 2 through an
opening of the second end portion of the tubular member. A Liquid Delivery
Module 3 is affixed to the first end portion of the tubular member of the
connecting device 1 forming a base of the swirl pot 4. The Liquid Delivery
Module 3 is fixed to the connecting means 12 located on the first end portion of
the tubular member, said first end portion being located on the tubular member
relative to the flange 11 on the other side of the flange surface provided to be
welded to the liquid tank 2. The connecting means comprises an assembly
means comprising a seal which is an O-ring 120 and a L-ring 121.

Fig. 12 illustrates a vertical cross-section of second embodiment of a
tank 2 according to the invention presenting the connections between the
Liquid Delivery Module 3 and the connecting device 1 according to the
invention and the welding of the connecting device 1 to the tank made of
plastics material 2. The flange 11 of the connecting device according to the
invention is welded to an edge of the opening of the bottom wall of the tank 2.
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The tubular member of the connecting device 1 is in fluidic communication with
the tank 2 through an opening of the second end portion of the tubular
member. A Liquid Delivery Module 3 is affixed to the first end portion of the
tubular member of the connecting device 1 forming a base of the swirl pot 4.
The Liquid Delivery Module 3 is fixed to the connecting means 12 located on
the first end portion of the tubular member, said first end portion being located
on the tubular member relative to the flange 11 on the other side of the flange
surface provided to be welded to the liquid tank 2. The connecting means
comprises an assembly means comprising a seal which is an O-ring 120 and a
lock nut 123.

Fig. 13 is an enlarged fragmentary view showing more detail of the tank
2 according to the invention. The liquid tank made of plastics material 2 for an
automotive application comprises an opening 5, a swirl pot is arranged in an
interior of the opening 5, wherein said swirl pot comprises a connecting device
1 according to the invention. The connecting device 1 comprises a tubular
member 10 provided to be inserted into the liquid tank 2. The tubular member
10 has a first end portion and a second end portion provided to constitute the
swirl pot and a flange 11 located on the external part of the tubular member
10, a surface of the flange 11 being provided to be welded to an external
surface of a tank wall 2. The connecting device 1 comprises a connecting
means 12 on the first end portion of the tubular member, said first end portion
being located on the tubular member 10 relative to the flange 11 on the other
side of the flange surface provided to be welded to the liquid tank 2. The
connecting means 1 is provided for the fixing of the Liquid Delivery Module 3 to
the tubular member 10, the second end portion of the tubular member 10
comprising an opening provided to allow entry of the liquid in the tubular
member. The first end portion comprises an opening provided for the insertion
of the Liquid Delivery Module 3.

Figure 14 illustrates a fifth embodiment of a connecting device 1
between a liquid tank made of plastic material and a Liquid Delivery Module on
board of a vehicle according to the invention. The connecting device 1
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according to the invention comprises a tubular member 10 provided to be
inserted into the liquid tank, said tubular member 10 having a first end portion
100 and a second end portion 101 provided to constitute a swirl pot 4, and a
flange 11 located on the external part of the tubular member 10, a surface 110
of the flange 11 being provided to be welded to an external surface of a tank
wall. The tubular member 10 has a circular section or approximately a circular
section. The connecting device 1 comprises a connecting means 12 on the
first end portion 100 of the tubular member 10, said first end portion 100 being
located on the tubular member 10 relative to the flange 11 on the other side of
the flange surface 110 provided to be welded to the liquid tank. The flange 11
is located close to the first end portion 100 of the tubular member 10. The
connecting means 12 provided for the fixing of the Liquid Delivery Module to
the tubular member 10 is a cam-lock. The second end portion 101 of the
tubular member 10 comprises an opening 1010 provided to allow entry of the
liquid in the tubular member 10. The first end portion 100 comprises an
opening 1000 for the insertion of the Liquid Delivery Module. The second end
portion 101 of the tubular member 10 comprises a slit 1011 and a sloped
upper part 1012. The angle a between a plan comprising the circumference of
the upper part 1012 of the second end portion 110 and a plan comprising the
surface 110 of the flange 11 being provided to be welded to an external
surface of a tank wall flange is equal to 16,7°. Moreover, the internal diameter
of the first end portion 100 is smaller than the internal diameter of the swirl pot,
i.e. of the second end portion 101. The internal diameter of the swirl pot is for
example approximatively 128 mm, and the internal diameter of the first end
portion is for example approximatively 121 mm. A plurality of ribs 1030 are
provided between the internal diameter of the first end portion and the internal
diameter of the second end portion 101. The second end portion 101 further
comprises an upper mechanical protection means, for example an abutment or
a finger 1032. Those upper mechanical protection means are provided to
protect a part of the Liquid Delivery Module 3, this part being preferably a
heating element 3010, which heating element 3010 has preferably at least one

flexible part.
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The method used to manufacture the tank 2 according to the invention
shown on fig. 13 comprises the steps of:

e Providing a tank made of plastic material 2, e.g. by a blow molding
process;

e Performing an opening 5 in said tank 2;

e Welding the connecting device 1 according to the invention to the
bottom wall of the tank 2 via the flange 11;

e Fixing the Liquid Delivery Module 3 to the connecting device 1

according to the invention.

In the previous embodiments, the liquid tank 2 is such that it is
preferably made of polyethylene (PE) as well as the connecting device 1.

The liquid tank 2 is such that the liquid to be contained in the liquid tank
2 is an aqueous solution. Generally, the aqueous solution is demineralized
water or a urea solution. The liquid tank 2 has for example a volume between
15 to 25 litres. For example, the liquid tank 2 has an elongated shape,
preferably with a ratio length / width superior to 3 and a ratio length / height

superior to 5, and preferably has a length superior to 1 meter.

In the previous embodiments, the swirl pot 4 may comprise a heating
means.

For example, the swirl pot 4 may include electrical heating elements,
which are embedded in the material of the swirl pot 4, thus permitting to heat
the liquid inside and outside the swirl pot 4. Thus, the swirl pot 4 is multilayered
and one of the layers accommodates electrical heating elements, or electrical
heating elements are embedded in at least one of the layers. For example, a
plastic layer equipped with a heating conductor material is extrusion-coated
with a polyethylene (PE) material. If the plastic layer is also made of
polyethylene, there is a secure connection between the plastic layer and the
extrusion coating and an optimization of the desired heat transfer. For
example, the electrical heating conductor is fixed on the plastic layer by
embroidery. In this respect, the heating conductor may be a textile.
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Alternatively, the swirl pot 4 may comprise, preferably made of, a PTC
(Positive Temperature Coefficient) plastic material, thus permitting to heat the
liquid inside and outside the swirl pot 4. By providing electrodes so that the
PTC plastic material is set at least partially between two electrodes, the PTC

5 plastic material may provide heat by electrically supplying the electrodes.
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CLAIMS

A connecting device (1) between a liquid tank made of plastic material (2)
and a Liquid Delivery Module (3) on board of a vehicle, characterized in
that said connecting device (1) comprises a tubular member (10)
provided to be inserted into the liquid tank (2), said tubular member (10)
having a first end portion (100) and a second end portion (101) provided
to constitute a swirl pot (4), and a flange (11) located on the external part
of the tubular member (10), a surface (110) of the flange (11) being
provided to be welded to an external surface of a tank wall (2), the
connecting device (1) comprising a connecting means (12) on the first
end portion (100) of the tubular member (10), said first end portion (100)
being located on the tubular member (10) relative to the flange (11) on
the other side of the flange surface (110) provided to be welded to the
liquid tank (2), said connecting means (12) being provided for the fixing of
the Liquid Delivery Module (3) to the tubular member (10), the second
end portion (101) of the tubular member (10) comprising an opening
(1010) provided to allow entry of the liquid in the tubular member (10), the
first end portion (100) comprising an opening (1000) provided for the
insertion of the Liquid Delivery Module (3),

wherein the connecting means (12) on the first end portion (100) of the
tubular member (10) provided for the fixing of the Liquid Delivery Module

(3) to the tubular member (10) is an assembly means comprising a seal.

The connecting device according to the preceding claim, wherein the
assembly means comprising a seal is selected from the group consisting

of a mason jar, a cam-lock and an inverted cam-lock.

The connecting device according to any one of the preceding claims,
wherein the flange (11) is located close to the first end portion (100) of
the tubular member (10).
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The connecting device according to any one of the preceding claims,
wherein the second end portion (101) of the tubular member (10)

comprises at least a slit (1011) and/or a sloped upper part (1012).

The connecting device according to any one of the preceding claims,
wherein the tubular member (10) has a circular section.

Liquid tank made of plastics material (2) for an automotive application
comprising an opening (5), a swirl pot (4) arranged in an interior of the
opening (5), wherein said swirl pot (4) comprises a connecting device (1)
according to any one of claim 1 to 5, wherein the flange (11) of the
connecting device (1) is welded to an edge of the opening (5) of the wall
of the tank (2), outside said tank (2), said wall tank being the bottom wall
of the tank (2), wherein the tubular member (10) of the connecting device
(1) is in fluidic communication with the tank through an opening (1010) of

the second end portion (101) of the tubular member (10).

Liquid tank according to the preceding claim, wherein the section of the
tubular member (10) between the second end portion (101) and the
flange (11) has a diameter substantially equal to the diameter of the
opening (5) in the tank wall (2).

Liquid tank according to any of claims 6 to 7, wherein the angle a
between a plan comprising the circumference of the upper part of the
second end portion (101) and a plan comprising the bottom wall of the
tank (2) is in the range of 0° < a = 40°, preferably in the range of 10° < a
< 20°.

Liquid tank according to any of claims 6 to 7, wherein the angle a
between a plan comprising the circumference of the upper part of the
second end portion (101) and a plan comprising the bottom wall of the

tank (2) is equal to 0°.
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10. - Liquid tank according to any of claims 6 to 9, wherein the swirl pot (4) has

a volume between 0.3 to 5 litres.

11. - Liquid tank according to any of claims 6 to 10, wherein the ratio between
the length of the slit (1011) on the second end portion (101) of the tubular
member (10) and the length of the wall of the swirl pot (4) is in the range
of 0.4 10 0.8.

12. - Liquid tank according to any of claims 6 to 11, wherein the direction of the
slit (1011) on the second end portion (101) of the tubular member (10) is

perpendicular to the plan comprising the bottom wall of the tank.

13. - Liquid tank according to any of claims 6 to 12, wherein a Liquid Delivery
Module (3) is affixed to the first end portion (100) of the tubular member

(10) of the connecting device (1) forming a base of the swirl pot (4).

14. - Method for manufacturing a liquid tank made of plastics material (2) for
an automotive application comprising the steps of:
e Providing a tank made of plastic material (2);
e Performing an opening (5) in said tank (2);
¢ Welding the connecting device (1) according to any one of claims 1 to 5
to the bottom wall of the tank (2) via the flange (11);
e Fixing the Liquid Delivery Module (3) to the connecting device (1)

according to any one of claims 1 to 5.
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