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Description

Modular collector tube and battery cooler comprising

modular collector tube
Technical Field

The present invention relates to a modular collector
tube and a battery cooler comprising the modular
collector tube, the battery cooler being provided, for

example, in a battery pack of a new energy vehicle.

Background Art

As new enerqgy vehicles, especially pure electric
vehicles, travel longer and longer, the number and energy
density of battery modules are increasing. When operating
in a configuration of high-power and enclosed battery
units, the battery is highly prone to heat generation and
non-uniform temperature, which will adversely affect the
efficiency, reliability and service life of the battery.
Therefore, a battery cooler is required to cool the
operating battery to optimize the performance and service
life of the battery.

Different heat transfer media have a great influence
on the heat transfer performance of a system. The heat
transfer amount provided by the conventional air cooling
is insufficient to meet the demand of high cooling
capacity. In addition, the heat transfer coefficient
between the air and the battery wall is low, and the
cooling rate is low. Liquid-cooled battery modules are a
preferred choice in terms of cooling efficiency.

For the connection between different components of
the battery cooler, an integral brazing process 1is
generally used for the existing liquid-cooled battery
coolers, so that the production cost is high, and the
internal cleanliness 1is difficult to control.

It is disclosed in the prior art that mechanical
collector tubes are used, 1i.e., different components of
a liquid-cooled battery cooler are mechanically

connected. However, most of the existing mechanical
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collector tubes have a circular cross section. On the one
hand, the vertical height of a car is very valuable so
that the wvertical space of the battery pack 1is very
limited, but the collector tubes with a circular cross
section occupy a large vertical height. On the other
hand, the collector tubes with a circular section have
high pressure drop and 1is difficult to control the

uniformity of flow.

Summary of the Invention

The present invention is intended to at least solve
the above problems and to provide a modular collector
tube having a flat cross section.

According to one aspect of the present invention, a
modular collector tube is proposed, comprising at least
two collector tube units, the collector tube units are
connected to each other by a connecting structure, and
the connecting structure comprises a male mating end and
a female mating end respectively at two ends of the
collector tube units, wherein the collector tube units,
the male mating end and the female mating end each have
a flat cross section, and wherein the female mating end
comprises a chamber for receiving the male mating end,
the chamber has a lateral opening, and the male mating
end can be inserted into the chamber via the lateral
opening in an insertion direction and locked inside the
chamber in a snap-fit manner.

Preferably, the female mating end comprises resilient
tabs each having a projection, the male mating end
comprises locking slots that mate with the resilient
tabs, and the projections are received in the locking
slots, so that the male mating end is locked inside the
chamber of the female mating end in the insertion
direction.

Preferably, the projection of the resilient tab
comprises a stop surface, the locking slot comprises a
mating stop surface, and the stop surfaces abut against

the mating stop surfaces of the locking slots, so that
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the male mating end is locked inside the chamber of the
female mating end in the insertion direction. Thus, the
male mating end can be prevented from coming out of the
chamber of the female mating end in a direction opposite
the insertion direction.

Preferably, the male mating end comprises guiding
recesses extending parallel to the insertion direction,
and the female mating end comprises guiding ribs
cooperating with the guiding recesses.

In addition to the guiding effect on the insertion
process, the engagement of the guiding ribs of the female
mating end with the guiding recesses of the male mating
end can also achieve locking of the female mating end and
the male mating end in a longitudinal direction of the
collector tube unit, i.e., preventing the male mating end
from coming out of the chamber of the female mating end
in a direction perpendicular to the insertion direction.

According to one embodiment of the present invention,
the guiding recesses are aligned with the locking slots
of the male mating end in the insertion direction, and
the guiding ribs of the female mating end are aligned
with the projections of the resilient tabs 1in the
insertion direction.

Preferably, the projection of the resilient tab
comprises an inclined surface, the male mating end
comprises a mating inclined surface at the end of the
guiding recess, and the inclined surface is in sliding
contact with the mating inclined surface.

According to one embodiment of the present invention,
the connecting structure further comprises a sealing
member, and the sealing member is pressed between the
male mating end and the female mating end to achieve
sealing connection between different collector tube
units.

Advantageously, a longitudinal end surface of the male
mating end extends obliquely relative to the insertion
direction of the male mating end, a receiving surface of

the chamber of the female mating end also extends
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obliquely relative to the insertion direction of the male
mating end, and the sealing member is pressed between the
longitudinal end surface of the male mating end and the
receiving surface of the chamber of the female mating
end.

Since the sealing member is mounted between the male
mating end and the female mating end in an interference-
fit manner, the insertion process of the male mating end
requires an operator to apply a certain magnitude of
force. The oblique configuration of the longitudinal end
surface of the male mating end and the receiving surface
of the chamber of the female mating end can reduce the
force required to insert the male mating end into the
female mating end.

According to another aspect of the present invention,
a battery cooler is proposed, comprising a liquid inlet
tube, a liquid outlet tube, and cooling lines connected
between the liquid inlet tube and the liquid outlet tube,
wherein the liquid inlet tube and the liquid outlet tube
are modular collector tubes according to any one of the
preceding claims.

The modular collector tube according to the present
invention has at least the following advantages:

1. the collector tube units are connected to each
other by a connecting structure to meet the processing
requirements of battery coolers of different sizes, and
the connecting structure, which is a plastic part, is
convenient to process and high in degree of modularity
and saves the cost; and

2. the modular collector tube has the cross section
thereof designed to be flat, which not only ensures the
vertical space of an electric vehicle battery pack, but
also ensures sufficient space in the horizontal direction
to meet the requirements of system flow distribution and

pressure drop.



WO 2020/115253 PCT/EP2019/083907

10

15

20

25

30

35

Brief Description of the Drawings

Through the following accompanying drawings, the
present invention will be better understood by those
skilled in the art, and the advantages of the present
invention will be embodied more clearly. The drawings
described herein are merely for illustration of the
selected embodiments, not all possible embodiments, and
are not intended to 1limit the scope of the present
invention.

Fig. 1 shows, in a perspective view, a battery cooler
comprising molecular collector tubes according to the
present invention;

Fig. 2 shows, in an exploded view, a modular collector
tube comprising two collector tube units;

Fig. 3 shows, in different views, a female mating end
of the modular collector tube according to the present
invention;

Fig. 4 shows, in different views, a male mating end
of the modular collector tube according to the present
invention; and

Fig. 5 shows, 1n cross-sectional view, the modular
collector tube according to the present invention, in
which the male mating end is inserted into the female

mating end.

Detailed Description of Embodiments

In the following description of various exemplary
structures according to the present invention, reference
is made to the accompanying drawings. The accompanying
drawings constitute a part of the present invention, and
various exemplary embodiments of wvarious aspects of the
present invention are illustrated therein. It 1is
understood that other specific arrangements of components
and systems may be utilized, and structural and
functional modifications may be made without departing
from the scope of the present invention. Moreover,
although the terms "upper", "lower", "left", "right" and

the 1like may be used in the description to describe
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various exemplary features and elements of the present
invention, these terms are used herein for convenience,
for example, exemplary orientations shown in the figures
or orientations during typical use. Any content in the
description should not be construed as requiring a
particular three-dimensional orientation of the
structure so as to fall within the scope of the present
invention. In addition, readers should know that the
drawings are not necessarily drawn to scale.

Fig. 1 shows a battery cooler according to one
embodiment of the present invention. As shown 1in the
figure, the battery cooler comprises a plurality of
cooling lines 3, and a cooling liquid circulates in the
cooling lines 3 and exchanges heat with battery modules
near the cooling lines 3. The battery cooler further
comprises a liquid inlet tube 1 and a liquid outlet tube
2, which are connected to ends of the plurality of cooling
lines 3. The liquid inlet tube 1 distributes the
inflowing cooling liquid into the cooling lines 3, and
the liquid outlet tube 2 collects and discharges the
cooling liquid from the cooling lines 3.

Advantageously, both the liquid inlet tube 1 and the
liquid outlet tube 2 are modular collector tubes 10. In
the context of the present invention, the so-called
modular collector tube 10 means that the collector tube
may be composed of at least two collector tube units 10u,
and the different collector tube units 10u may be
connected to each other by a connecting structure 4 to
form a length-adaptive collector tube.

Different car manufacturers have different
requirements for the sizes of battery modules.
Accordingly, the size of the battery cooler needs to
adapt to the change in size of the battery modules. The
use of the modular collector tubes 10 has the advantages
that the liguid inlet tube 1 and the liquid outlet tube
2 in the form of modular collector tubes 10 can meet
different size requirements of battery modules by means

of 1increasing or decreasing the number of connected
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collector tube units 10u, thus allowing the Dbattery
cooler to be manufactured and assembled simply, quickly
and economically.

Fig. 2 shows, in an exploded view, a modular collector
tube 10 comprising two collector tube units 10u. The two
collector tube units 10u are connected to each other by
a connecting structure 4. The connecting structure 4
comprises a male mating end 5 at one end of each collector
tube unit 10u and a female mating end 7 at the other end
of each collector tube unit 10u. The male mating end 5
and the female mating end 7 constitute a part of the
collector tube unit 10u. In particular, the collector
tube unit 10u is made of plastic. According to one
embodiment of the present invention, the collector tube
unit 10u 1s 1integrally molded together with the male
mating end 5 and the female mating end 7.

According to one preferred embodiment of the present
invention, the collector tube unit 10u, the male mating
end 5 and the female mating end 7 each have a flat cross
section. The roughly rectangular flat cross section of
the female mating end 7 has upper and lower longer sides
and left and right shorter sides. Similarly, the roughly
rectangular flat cross section of the male mating end 5
also has upper and lower longer sides and left and right
shorter sides. Compared with a collector tube of a
circular cross section, the collector tube of the flat
cross section not only reduces the vertical space in an
electric vehicle battery pack occupied by the collector
tube, but also 1improves the pressure drop and flow
uniformity in the collector tube.

As shown in Fig. 2, the two collector tube units 10u
are placed end to end, that is, the male mating end 5 of
the first collector tube unit 10u is arranged opposite
the female mating end 7 of the second collector tube unit
10u. By means of inserting the male mating end 5 into the
female mating end 7, a mechanical connection between the
two collector tube units 10u can be achieved.

Furthermore, the connecting structure 4 further comprises
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a sealing member 6, which is used to form a sealing
connection between the male mating end 5 and the female
mating end 7.

Although only two collector tube units 10u are shown
in Fig. 2, it is apparent that the modular collector tube
10 may comprise more than two collector tube units 10u.
Fach of the collector tube units 10u has the same
structure and comprises a male mating end 5 at one end
and a female mating end 7 at the other end. Two adjacent
collector tube units 10u are connected end to end, and
the sealing member 6 is disposed between the two adjacent
collector tube units 10u to connect more than two
collector tube units 10u.

The connecting structure 4 of the collector tube unit
10u according to the present invention will be described
in detail below with reference to Figs. 3 to 5.

Fig. 3 shows, 1in a top view and a perspective view, a
female mating end 7 of a collector tube unit 10u according
to the present invention. Fig. 4 shows, in a top view and
a perspective view, a male mating end 5 of a collector
tube unit 10u according to the present invention.

According to one exemplary embodiment of the present
invention, as shown in Fig. 3, the female mating end 7
comprises a chamber 75 for receiving the male mating end
5. The chamber 75 has a lateral opening 70 on one side.
The lateral opening 70 is advantageously provided at one
of the short sides of the female mating end 7. The male
mating end 5 can be inserted into the chamber 75 via the
lateral opening 70 in the insertion direction and locked
inside the chamber 75, for example, in a snap-fit manner.

To lock the male mating end 5 inside the chamber 75,
the female mating end 7 may comprise resilient tabs 71
each having a projection 72. The resilient tabs 71 are,
for example, two resilient tabs 71, in the form of a
cantilever structure, respectively disposed at the upper
and lower long sides of the female mating end 7. The
projections 72 of the resilient tabs 71 project into the

interior of the chamber 75 of the female mating end 7 to



WO 2020/115253 PCT/EP2019/083907

10

15

20

25

30

35

form a resilient snap Jjoint. Preferably, the resilient
tabs 71 are disposed near the lateral opening 70 of the
female mating end 7 and further away from the other short
side where the lateral opening 70 is not formed.

Correspondingly, as shown in Fig. 4, according to one
exemplary embodiment of the present invention, the male
mating end 5 may comprise locking slots 52 that mate with
the projections 72 of the resilient tabs 71. The locking
slots 52 are provided, for example, at the upper and
lower long sides of the male mating end 5, respectively.
By receiving the projections 72 in the locking slots 52,
the male mating end 5 can be locked inside the chamber
75 of the female mating end 7 in the insertion direction.

Preferably, a guiding mechanism may also be provided
for the insertion of the male mating end 5 to the female
mating end 7. According to one exemplary embodiment of
the present invention, the male mating end 5 may comprise
guiding recesses 53 which extend parallel to the
insertion direction, and the female mating end 7 may
comprise guiding ribs 73 which also extend parallel to
the insertion direction and cooperate with the guiding
recesses 53. The guiding recesses 53 are respectively
provided, for example, at the upper and lower long sides
of the male mating end 5, and the guiding ribs 73 are
respectively provided, for example, at the upper and
lower long sides of the female mating end 7.

Preferably, the guiding recesses 53 are aligned with
the locking slots 52 of the male mating end 5 in the
insertion direction, and the guiding ribs 73 of the
female mating end 7 are aligned with the projections 72
of the resilient tabs 71 in the insertion direction.
Thereby, at the beginning of insertion, the projections
72 of the resilient tabs 71 of the female mating end 7
first slide along the guiding recesses 53 of the male
mating end 5 to guide the insertion of the male mating
end 5. As the male mating end 5 is further inserted into
the interior of the chamber 75 of the female mating end

7, the guiding ribs 73 of the female mating end 7 engage
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with the guiding recesses 53 of the male mating end 5,
and the insertion of the male mating end 5 is continuously
guided until the final locked state.

In addition to the guiding effect on the insertion
process, the engagement of the guiding ribs 73 of the
female mating end 7 with the guiding recesses 53 of the
male mating end 5 can also achieve locking of the female
mating end 7 and the male mating end 5 in the longitudinal
direction of the collector tube unit 10u, i.e.,
preventing the male mating end 5 from coming out of the
chamber 75 of the female mating end 7 in a direction
perpendicular to the insertion direction.

The connecting structure 4 of the modular collector
tube 10 may further comprise a sealing member 6, and the
sealing member 6 is configured to be pressed between the
male mating end 5 and the female mating end 7.

According to one exemplary embodiment of the present
invention, the connecting structure 4 further comprises
a sealing member 6, and the sealing member 6 is configured
to be pressed between a longitudinal end surface 54 of
the male mating end 5 and a receiving surface 74 of the
chamber 75 of the female mating end 7. However, the
sealing member 6 according to the present invention is
not limited to the placement mentioned above, and it is
conceivable to dispose the sealing member 6 at other
positions between the male mating end 5 and the female
mating end 7, for example, corresponding recesses are
provided in other opposite surfaces of the male mating
end 5 and the female mating end 7 to receive the sealing
member 6.

Preferably, the longitudinal end surface 54 of the
male mating end 5 extends obliquely relative to the
insertion direction of the male mating end 5, and the
receiving surface 74 of the chamber 75 of the female
mating end 7 also extends obliquely relative to the
insertion direction of the male mating end 5. The sealing
member 6 1s configured to be pressed between the

longitudinal end surface 54 of the male mating end 5 and
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the receiving surface 74 of the chamber 75 of the female
mating end 7. Since the sealing member 6 1is mounted
between the male mating end 5 and the female mating end
7 in an 1interference-fit manner, the insertion process
of the male mating end 5 requires an operator to apply a
certain magnitude of force. The oblique configuration of
the longitudinal end surface 54 of the male mating end 5
and the receiving surface 74 of the chamber 75 of the
female mating end 7 can reduce the force required to
insert the male mating end 5 into the female mating end
7.

Fig. 5 shows, 1in a cross-sectional form, the male
mating end 5 and the female mating end 7, which cooperate
with each other in the final locked state.

The projection 72 of the resilient tab 71 of the
female mating end 7 may comprise a stop surface 72b and
an inclined surface 72a. The stop surface 72b extends in
a direction perpendicular to the long side of the female
mating end 7. Alternatively, the projection 72 of the
resilient tab 71 may comprise a transition surface
extending in a direction parallel to the long side of the
female mating end 7 between the stop surface 72b and the
inclined surface 72a.

The locking slot 52 of the male mating end 5 may
comprise a mating stop surface 52b that extends in a
direction perpendicular to the long side of the male
mating end 5. The male mating end 5 comprises a mating
inclined surface 53a at one end, close to the locking
slot 52, of the guiding recess 53. Alternatively, the
male mating end 5 may comprise a transition section,
which is flush with the upper surface of the male mating
end 5, between the mating inclined surface 53a of the
guiding recess 53 and the mating stop surface 52b of the
locking slot 52. In the cross-sectional view of Fig. 5,
the mating inclined surface 53a of the guiding recess 53,
the transition section, and the mating stop surface 52b
of the locking slot 52 present the shape of a local

protrusion.
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During the insertion of the male mating end 5 into
the female mating end 7, the projections 72 of the
resilient tabs 71 slide along the guiding recesses 53 of
the male mating end 5 until the inclined surfaces 72a of
the projections 72 of the resilient tabs 71 engage with
the mating inclined surfaces 53a of the guiding recesses
53. As the male mating end 5 continues to be inserted,
the resilient tabs 71 deflect from initial positions
thereof and bend in a direction opposite the chamber 75
of the female mating end 7. The inclined surfaces 72a of
the projections 72 of the resilient tabs 71 are in sliding
contact with the mating inclined surfaces 53a of the
guiding recesses 53, and then the transition surfaces of
the projections 72 of the resilient tabs 71 are in sliding
contact with the transition sections of the male mating
end 5, until the local protrusions formed by the mating
inclined surfaces 53a of the guiding recesses 53, the
transition sections, and the mating stop surfaces 52b of
the locking slots 52 move over the projections 72 of the
resilient tabs 71 in the insertion direction. The
resilient tabs 71 return to the original positions
thereof, and the projections 72 of the resilient tabs 71
are received in the locking slots 52. At this time, the
male mating end 5 and the female mating end 7 reach the
final locked state. The stop surfaces 72b of the
projections 72 of the resilient tabs 71 abut against the
mating stop surfaces 52b of the locking slots 52, thereby
preventing the male mating end 5 from coming out of the
chamber 75 of the female mating end 7 in a direction
opposite the insertion direction.

The modular collector tube according to the present
invention has at least the following advantages:

1. the collector tube units are connected to each
other by a connecting structure to meet the processing
requirements of battery coolers of different sizes, and
the connecting structure, which is a plastic part, is
convenient to process and high in degree of modularity

and saves the cost; and
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2. the modular collector tube has the cross section
thereof designed to be flat, which not only ensures the
vertical space of an electric vehicle battery pack, but
also ensures sufficient space in the horizontal direction

5 to meet the requirements of system flow distribution and
pressure drop.

The above detailed description of the embodiments of
the present invention provided in conjunction with the
accompanying drawings is not intended to limit the scope

10 of protection of the present invention, but is merely
illustrative of selected embodiments of the present
invention. Based on the embodiments in the present
invention, all other embodiments obtained by those of
ordinary skill in the art without any inventive effort
15 fall within the scope of protection of the present

invention.
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Claims

1. A modular collector tube (10), characterized in that
the modular collector tube (10) comprises at least two
collector tube units (10u), the collector tube units
(10u) are connected to each other by a connecting
structure (4), and the connecting structure (4) comprises
a male mating end (5) and a female mating end (7)
respectively at two ends of the collector tube units
(10u), wherein the collector tube units (10u), the male
mating end (5) and the female mating end (7) each have a
flat cross section, and wherein the female mating end (7)
comprises a chamber (75) for receiving the male mating
end (5), the chamber (75) has a lateral opening (70), and
the male mating end (5) can be inserted into the chamber
(75) wvia the lateral opening (70) 1in an insertion
direction and locked inside the chamber (75) in a snap-

fit manner.

2. The modular collector tube (10) of claim 1, wherein
the female mating end (7) comprises resilient tabs (71)
each having a projection (72), the male mating end (5)
comprises locking slots (52) that mate with the resilient
tabs (71), and the projections (72) are received in the
locking slots (52), so that the male mating end (5) is
locked inside the chamber (75) of the female mating end

(7) in the insertion direction.

3. The modular collector tube (10) of claim 2, wherein
the projection (72) of the resilient tab (71) comprises
a stop surface (72b), the locking slot (52) has a mating
stop surface (52b), and the stop surfaces (72b) abut
against the mating stop surfaces (52b) of the locking
slots (52), so that the male mating end (5) 1is locked
inside the chamber (75) of the female mating end (7) in

the insertion direction.
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4, The modular collector tube (10) of claim 2, wherein
the male mating end (5) comprises guiding recesses (53)
extending parallel to the insertion direction, and the
female mating end (7) comprises guiding ribs (73)

cooperating with the guiding recesses (53).

5. The modular collector tube (10) of claim 4, wherein
the guiding recesses (53) are aligned with the locking
slots (52) of the male mating end (5) in the insertion
direction, and the guiding ribs (73) of the female mating
end (7) are aligned with the projections (72) of the

resilient tabs (71) in the insertion direction.

6. The modular collector tube (10) of claim 5, wherein
the projection (72) of the resilient tab (71) comprises
an 1inclined surface (72a), the male mating end (5)
comprises a mating inclined surface (53a) at one end of
the guiding recess (53), and the inclined surface (72a)
is in sliding contact with the mating inclined surface
(53a) .

7. The modular collector tube (10) of any one of claims
1 to 6, wherein the connecting structure (4) further
comprises a sealing member (6), and the sealing member
(6) is configured to be pressed between the male mating

end (5) and the female mating end (7).

8. The modular collector tube (10) of claim 7, wherein
a longitudinal end surface (54) of the male mating end
(5) extends obliquely relative to the insertion direction
of the male mating end (5), a receiving surface (74) of
the chamber (75) of the female mating end (7) also extends
obliquely relative to the insertion direction of the male
mating end (5), and the sealing member (6) is configured
to be pressed between the longitudinal end surface (54)
of the male mating end (5) and the receiving surface (74)

of the chamber (75) of the female mating end (7).



WO 2020/115253 PCT/EP2019/083907
- 16 -

9. A battery cooler, comprising a liguid inlet tube
(1), a liquid outlet tube (2), and cooling lines (3)
connected between the liquid inlet tube (1) and the
liquid outlet tube (2), wherein the liquid inlet tube (1)
5 and the liguid outlet tube (2) are the modular collector

tubes (10) according to any one of the preceding claims.
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