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(54) A TUBE FOR A HEAT EXCHANGER

(567)  The present invention relates a tube for a heat
exchanger. The tube includes at least one fusible part
formed on at least one coupling edge of the tube for as-
sembling with at least one wall of the heat exchanger.
The tube is a flat tube assembled of two half-plates so
that it comprises two flat walls joined along at least two
coupling edges, wherein the two coupling edges define
a general plane. Further, the fusible part is parallelly
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aligned with respect to a general plane (P1) of the tube.
The tube further includes a base portion located in the
vicinity of the coupling edge and a tip portion defined in
the vicinity of the wall of the heat exchanger. The tip por-
tion of the fusible part is adapted to break by differential
in expansion and contraction between the tube and the
wall.
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Description

[0001] The present invention relates to a heat ex-
changer. In particular, the invention relates to a heat ex-
changer having tubes brazed to wall of a housing of the
heat exchanger.

[0002] Generally, the heat exchangers are provided in
a vehicle for various operations. Particularly, charge air
coolers are provided in air inlet circuit of an engine. Gen-
erally, the engine may receive air from atmosphere and
the atmospheric pressure decreases with the change in
elevation of the vehicle, i.e., while the vehicle traveling
in elevated area such mountain regions. In such case,
the fuel economy and thermal efficiency of the engine
may be reduced as the engine may receive inefficient
amount/pressure of air. To overcome such problems, air
is pressurized (herein referred to as the "charge air") by
mechanical or electric compressors, known as super-
chargers or turbochargers. In the forced induction en-
gines, power output becomes a function of how much air
is delivered to the cylinders. Most commonly used meth-
ods is to introduce the compressors to recapture energy
from gas exhaust manifold through an expansion turbine,
which pressurizes air delivered to the engine, or relay
part of engine’s power to motorize a supercharger, usu-
ally by a set of pulleys.

[0003] Further, pressurizing the air leads to substantial
increase of its temperature. Consequently, the density
of the air decreases with the temperature, because hot
air is less dense than cold air. The automotive industry,
like many other industrial fields, uses heat exchangers
to ensure optimal temperature operating conditions for
the engine. Therefore, the charge air cooler is provided
in the upstream to the engine and downstream to the
turbo/super-charger. The charge air cooler may dissipate
heat from the charged air flowing from the turbo-charger.
The charge air cooler is equipped with a set of tubes
forming a heat exchange bundle between a first fluid and
a second heat transfer fluid, and the heat exchange bun-
dle being housed in a casing.

[0004] The tubes in the charge air cooler can be made
of aluminum as it offers significant weight savings, and
aluminum alloys also have good thermal and corrosion
resistance. Due to the complexity of the charge air cooler
and the small dimensions allowed, the components of
the charge air coolers are assembled by brazing. Further,
the tubes are typically brazed to the housing of the charge
air cooler, i.e. joined by adding liquid metal to the metal
parts to be joined. As these tubes are brazed over their
entire surface in contact with the walls of the housing,
the metal thus added forms a continuous line, thereby
the assembly lacks in flexibility. It is well known that the
charge air coolers are subjected to high and varied
stresses during operational mode, such as thermome-
chanical stresses and chemical reactions with more or
less aggressive environments.

[0005] In particular, there are thermal shocks caused
by a sudden and significant change in temperature, for
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example when opening valves equipped with sensors
that measure engine temperature and allow cold engine
cooling water to pass into the warmer engine air intake
system. These thermal shocks lead to expansion/con-
traction phenomena of the tubes of heat exchanger,
called thermal cycles. However, the lack of flexibility of
tubes generates significant stresses, which can lead to
the appearance of rupture zones in tubes. It can then be
observed that these fracture zones can lead to leakage
of the heat transfer fluid.

[0006] Insome priorarts, the heatexchange tubes may
include some breakable tabs between the tube and the
housing which are intended to crack during thermal cycle.
However, the breakable tabs tend to form unpredictable
shapes and structures which in most cases would cause
collision between the housing and the tube, especially
during expansion of the tubes. Such collision may lead
to mechanical stress, and finally, to malfunction of the
charge air cooler due to leakage.

[0007] Accordingly, the remains a need for a heat ex-
changer tube with an original design that ensures greater
tube flexibility and which allows to avoid collision between
the remaining elements of the breakable fuse element.

[0008] The present invention therefore aims to com-
pensate for the disadvantages of the previous art and to
meet the above-mentioned constraints by proposing a
tube for heat exchanger, simple in its design and in its
operating mode, reliable and economical, which makes
it possible to limit, or even avoid, the appearance in the
tube of rupture zones linked to thermal shocks, and col-
lision between the remaining elements of the breakable
fuse element.

[0009] Another object of the present invention is such
a tube for a heat exchanger providing a support on the
opposite walls of the casing with a view to its assembly
by brazing with a complementary tube to form a conduit
for the circulation of a heat transfer fluid.

[0010] The presentinventionisalsointended foraheat
exchanger comprising at least one such tube for an ex-
changer, so as to present enhanced reliability. For this
purpose, the invention concerns a tube for a heat ex-
changer, said tube comprising a coupling edge to another
tube.

[0011] Accordingtotheinvention, said edge comprises
atleastone fusible part for assembling this coupling edge
with at least one housing wall, said at least one fusible
part being configured to be separated from the rest of
said coupling edge by differential expansion/contraction
between said tube and said at least one housing wall on
which it is intended to be assembled.

[0012] In the present description, some elements or
parameters may be indexed, such as a first element and
a second element. In this case, unless stated otherwise,
this indexation is only meant to differentiate and name
elements which are similar but not identical. No idea of
priority should be inferred from such indexation, as these
terms may be switched without betraying the invention.
Additionally, this indexation does not imply any order in
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mounting or use of the elements of the invention.
[0013] Inview offorgoing, the presentinvention relates
a tube for a heat exchanger. The tube includes at least
one fusible part formed on at least one coupling edge of
the tube for assembling with at least one wall of the heat
exchanger. Further, the fusible part is parallelly aligned
with respect to a general plane (P1) of the tube. The tube
is a flat tube assembled of two half-plates so that it com-
prises two flat walls joined along at least two coupling
edges, wherein the two coupling edges define a general
plane. The tube further includes a base portion located
in the vicinity of the coupling edge and a tip portion located
in the vicinity of the wall of the heat exchanger. The tip
portion of the fusible part is adapted to be entirely sepa-
rated from the wall by differential in expansion and con-
traction between the tube and the wall.

[0014] In one embodiment, the tube further includes at
least one notch located on the corner area of the tube,
in particular the notch being located between the coupling
edge and base portion of the fusible part.

[0015] Inoneexample, the tip portion of the fusible part
extends beyond the coupling edge of the tube.

[0016] Further, the fusible partis formed at the corners
of the coupling edge of the tube.

[0017] Inone embodiment, the tip portion of the fusible
part is narrower than the base portion to facilitate sepa-
ration of the tube from the wall.

[0018] Further, the coupling edge is formed to delimit
the tube formed by two plates assembled with each other
with their respective opposite faces.

[0019] Further, the coupling edges are intended to de-
limit a conduit for the circulation of a heat-transfer fluid
within the tube.

[0020] In one embodiment, the fusible part is of a trap-
ezoidal shape, wherein the width of the tip portion is
smaller than of the width of the base portion.

[0021] Further, the fusible part includes sloping edges
connecting the tip portion with the base portion.

[0022] In another embodiment, the fusible part is of a
triangular shape.

[0023] Preferably, the fusible partis half the thickness
of the tube, wherein the thickness is measured in a di-
rection perpendicular to the general plane (P1) of the
tube.

[0024] Alternatively, the fusible partis thicker than half
the thickness of the tube, wherein the thickness is meas-
ured in a direction perpendicular to the general plane
(P1) of the tube.

[0025] Alternatively, the fusible part is thinner than half
the thickness of the tube, wherein the thickness is meas-
ured in a direction perpendicular to the general plane
(P1) of the tube.

[0026] Other characteristics, details and advantages
of the invention can be inferred from the description of
the invention hereunder. A more complete appreciation
of the invention and many of the attendant advantages
thereof will be readily obtained as the same becomes
better understood by reference to the following detailed
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description when considered in connection with the ac-
companying figures, wherein:

Fig. 1 illustrates a perspective view of a heat ex-
changer, in accordance with an embodiment of the
present invention;

Fig. 2 illustrates a side view of the heat exchanger
with a detailed view of a tube-housing assembly, ac-
cording to a state of the art;

Fig. 3 illustrates a perspective view of a standalone
tube for the heat exchanger of Fig 1;

Fig. 4 illustrates a perspective view of a corner sec-
tion of the tube shown in Fig. 3;

Fig. 5 illustrates a top view of a fusible part of the
Fig. 3, formed on the coupling edge of the tube; and

Fig. 6 illustrates a front view of the fusible part of the
Fig. 3, formed on the coupling edge of the tube.

[0027] It must be noted that the figures disclose the
invention in a detailed enough way to be implemented,
said figures helping to better define the invention if needs
be. The invention should however not be limited to the
embodiment disclosed in the description.

[0028] The present invention may disclose a heat ex-
changer tube having at least one fusible part provided in
a heat exchanger. Conventionally, the heat exchanger
may include bundle of tubes disposed between two man-
ifolds and forming a fluid channel. The tubes may be
brazed to the inner wall of a housing of the heat exchang-
er. During operation of heat exchanger, the tubes may
undergo various thermal cycle. As a result, thermal stress
may act on the tubes, which may lead to the appearance
of rupture zones in the tubes. Further, such fracture/rup-
ture zones can lead to leakage of the heat transfer fluid.
To avoid such problems, tabs are provided at a coupling
edge of the tube of the heat exchanger. Such tabs can
be fusible part adapted to break when there is a differ-
ential expansion and contraction between tubes and cor-
responding wall of the heat exchanger.

[0029] Fig. 1 illustrates a perspective view of a heat
exchanger 100, in accordance with an embodiment of
the present invention. The heat exchanger 100 may in-
clude three walls forming a housing 150. The three walls
being a first wall 110, a second wall 120 and a third wall
130, wherein the first wall110 and the second wall 120
are aligned parallelly and spaced from each other, and
the third wall 130 may be aligned perpendicularly with
respect to the first and the second walls 110, 120, so that
the opposite edges of the third wall 130 are in contact
with the first wall 110, as well as the second wall 120.
[0030] The heat exchanger 100 may further comprise
a manifold 140. The manifold 140 may be located paral-
lelly with respect to the third wall 130 and perpendicularly
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with respect to the first and the second walls 110, 120,
so that, similarly to the third wall 130, the opposite edges
of the manifold 140 are in contact with the first wall 110,
as well as the second wall 120.

[0031] The walls 110, 120, 130 and the manifold 140
may be joined together, e.g. by brazing, so that the walls
110, 120, 130 and the manifold 140 form an essentially
rectangular fluid tight housing 150 which delimits a first
fluid circuit for a first fluid, e.g. charge air. The housing
150 may further receive intake and outtake (not shown)
for the first fluid on its open ends. The exemplary first
fluid flow direction from intake to outtake is depicted in
Fig.1 by F,, and F, respectively

[0032] Further, a second fluid circuit for a second fluid
may be formed, inter alia, by the manifold 140, which
may include an inlet spigot 142 and an outlet spigot 144
for delivering or collecting second fluid, e.g. coolant. The
exemplary second fluid flow direction from the inlet to the
outlet is depicted in Fig. 1 by W;, and W, ,;, respectively.
The second fluid circuit further includes at least one tube
102 located within the housing 150. In this example, the
term "within" means that the tube 102 does not protrude
beyond the space delimited by the housing 150. The tube
102 is aligned substantially in parallel with respect to the
first wall 110 and the second wall 120, and in perpendic-
ular to the manifold 150 and the third wall 130.

[0033] Further, the tube 102 extends from the manifold
140 to the third wall 130, whereas it is fluidly connected
only with the manifold 140. The tube 102 is formed, so
as to enable at least one U-turn at the path of the second
fluid flowing there through. Generally, the manifold 140
is configured to deliver and/or collect the second fluid to
the tube 102 through two parallel channels formed there-
in. Preferably, the channels in the manifold 150 are
formed as a unitary element with e.g. partition, however
other means of providing channels for the second fluid
are also envisaged.

[0034] Usually, the heat exchanger 100 may include a
plurality of tubes 102 to improve the efficiency thereof.
The tubes 102 are stacked one on the other in a parallel
manner, perpendicularly to the manifold 140, so that the
second fluid is distributed as homogenously as possible.
The second fluid may flow through the inlet W;,, and it is
directed to respective channel of the manifold 140 which
feeds the tubes 102. Next, the second fluid flows through
the U-shaped tube 102 back to the manifold 150 and then
it is collected by the second fluid outlet W ;.

[0035] In order to improve the heat exchange efficien-
cy, the stack of tubes 102 may be interlaced with so-
called turbulators or fins 160. The number of turbulators
orfins 160 interlaced between the tubes 102 corresponds
to the free spaces in the vicinity of the tubes 102. In other
words, turbulators or fins 160 fill the spaces not occupied
by other sub-components within the housing 140 in order
to maximize the heat exchange efficiency and to reduce
bypassing of the tubes 102 by the first fluid. In this present
example, the heat exchanger 100 is a charge air cooler.
In such case, the first fluid being a charged air and the
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second fluid being a heat transfer fluid, i.e., coolant or
water or water-glycol mixture.

[0036] Fig. 2 illustrates the heat exchanger 100 with
plurality of tubes 102 in accordance to a prior art. The
turbulators or fins 160 are omitted for the sake of clarity.
The heat exchanger 100 may be oriented horizontally.
Horizontal orientation of the heat exchanger 100 refers
to horizontal direction of stacking of its tubes 1. Alterna-
tively, the heat exchanger 100 could be oriented at any
angle with respect to horizontal orientation as long as the
first and second fluids are efficiently delivered to provide
effective heat exchange between them. As shown in Fig.
2, each tube 102 may be formed out of two half-plates
produced in the same process, wherein one half-plate is
substantially a mirror image of the other to delimit the
path for the circulation of a heat transfer fluid between
these half-plates. Alternatively, the tube 102 may be a
folded tube.

[0037] Fig. 2 further shows detailed section "S1" of an
assembly of the tube 102 with the housing 140. According
to the prior art, the tubes 102 are stacked and spaced
form each other in order to provide good efficiency of the
entire heat exchanger 100. During the operational mode
the heat exchanger 100, the tubes 102 expands and con-
tracts depending on the temperature of the first and the
second fluids, as well as the temperature difference be-
tween them in different sections of the heat exchanger
100. Further, the different sub-components of the heat
exchanger 100 may expand or contract to different ex-
tent, because the heat is not usually distributed evenly
across all sub- components.

[0038] Each tube may be formed out of two half-plates
produced in the same process, wherein one half-plate is
substantially a mirror image of the other to delimit the
path for the circulation of a heat transfer fluid between
these half-plates. In other words, the tube may be the flat
tube assembled of two half-plates so that it comprises
two flat walls joined along at least two coupling edges
104.

[0039] The tubes 102 may be initially, i.e. in a pre-op-
erational mode, secured both to the manifold 140 and
the third wall 130, yet it may be possible for the tubes
102 to be secured only the manifold 140. As the tubes
102 are directly connected to the housing 102, the tubes
102 may lack flexibility, thereby the tubes may damage
and cause leakage of the second fluid. To avoid such
problem, a fusible part is introduced in the tubes 102.
Schematic and geometry of the fusible part is described
in the forthcoming figures.

[0040] Figs. 3 and 4 illustrates isometric views of the
standalone tube 102 and one of the corner areas of the
tube 102 of Fig. 1. In one embodiment, each tube 102
may have essentially rectangular shape, so that a gen-
eral plane (P1) may be defined. In this example, the gen-
eralplane (P1) ofthe tube 102 is defined along the contact
area of two half-plates. In other words, the general plane
(P1) of the tube 102 runs parallelly and in-between the
half-plates of particular tube 102. In other words, the gen-
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eral plane (P1) may cross the median section the tube
102, so that the conduit for the first fluid in both sections
thereof is split into two even halves.

[0041] As shown in Fig. 3, the tube 102 may further
include a coupling edge 104 for coupling two half-plates.
As discussed above, the coupling edge 104 may delimit
the tube 104 formed by the two plates assembled with
each other with their respective opposite faces and may
delimit a conduit for the circulation of the second fluid,
i.e., heat-transfer fluid within the tube 102. The coupling
edge 104 may include at least one fusible part 202 for
assembling the coupling edge 104 with at least one wall
of the heat exchanger 100, in particular the third wall 130
of the housing 150. Further, the tube 102 may include a
fluid inlet 106 and a fluid outlet 108, as shown in Fig. 3.
Each of the fluid inlet 106 and fluid outlet 108 may include
a collar configured to provide a fluid-tight connection be-
tween tube 102 and the manifold 140 of the heat ex-
changer 100.

[0042] Thus, in preferred embodiment of an invention,
the tube 102 is fixed to the housing 150 with one end,
and the other oughtto be afree end during the operational
mode of the heat exchanger 100, in order to allow ex-
pansion or contraction of the tube 102 within the housing
150.

[0043] Fig. 4 illustrates in detail a fragment of the same
tube 102 as shown in Fig. 3. In particular, Fig. 4 shows
one of the corer areas of the tube 102 having the fusible
part 202. The fusible part 202 is parallelly aligned with
respect to the general plane "P1" of the tube 102. The
fusible part 202 includes a base portion 204 located in
the vicinity of the coupling edge 104 and a tip portion 206
located/defined in the vicinity of the wall, particularly third
wall 130, of the heat exchanger 100. In one embodiment,
the tip portion 206 of the fusible part 202 is in-contact
with the third wall 130. In another embodiment, the tip
portion 206 of the fusible part 202 may be formed in such
a way that a gap defined in between the tip portion 206
and the third wall 130. The tip portion 206 is adapted to
be entirely separated from the third wall 130 by differential
in expansion and contraction between the tube 102 and
the third wall 130 of the heat exchanger 100.

[0044] Figs. 5 and 6illustrate top and front views of the
fusible part 202 of the Fig. 3, formed on the coupling edge
104 of the tube 102. As shown in Fig. 5, the tip portion
206 is in-contact with the third wall 130 of the housing
150. When the tube 102 expands or contracts due to
thermal cycles, the fusible part 202 may break or entirely
separated from the third wall 130, particularly the tip por-
tion 206, which is in contact with the third wall 130, may
break, thereby preventing collation of tube 102 with the
third wall 120 and damages of the tube 102. The tube
102 further includes at least one notch 208 located on
the corner area of the tubes 102, particularly, the notch
208 being located between the coupling edge 104 of the
tube 102 and the base portion 204 of the fusible part 202.
In this present embodiment, the tip portion 206 of the
fusible part 202 is narrower than the base portion 204 of
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the fusible part 202 to facilitate separation of the tube
102 from the third wall 130. The fusible part 202 is formed
atthe corners of the coupling 104 of the tube 102. Further,
the tip portion 206 of the fusible part 202 extends beyond
the coupling edge 104 of the tube 104, so the tube 102
can be separated from the walls of the housing 150. As
the tip portion 206 of the fusible part 202 is extended
beyond the coupling edge 104 of the tube 102, the fusible
part 202, particularly the tip portion 206, can break when
the tube 102 is subjected to differential expansion or con-
tractions due to various thermal cycles.

[0045] As shown in Fig. 5, the fusible part 202 is of a
trapezoidal shape, in which the tip portion 206 is narrower
than the base portion 204 of the fusible part 202. Further,
the width of the tip portion 206 is smaller than of the width
of the base portion 204, so that the tip portion 206 can
be easily separated from the third wall 130 by differential
in expansion or contraction between the tube 102 and
the housing 150. Further, the fusible part 202 includes
sloping edges 210 connecting the tip portion 206 with the
base portion 204 of the fusible part 202. In one example,
the tip portion 206 of the fusible part 202 is brazed to the
housing 150, particularly to the third wall 130. In another
example, the tip portion 206 is just in-contact with the
housing 150, particularly with the third wall 130. In an-
other embodiment, the fusible part 202 is of a triangular
shape.

[0046] As discussed above, the tip portion 206 may be
configured to be separated from the fusible part 202 by
differential in expansion or contraction between the tube
102 and at least one wall on which it is intended to be
assembled, such as the third wall 130. During the first
thermal cycles, the stress put between the tubes 102 and
the housing 150 allows the notch 208 to separate the tip
portion 206 from the fusible part 202, thereby the tip por-
tion 206 may break. Consequently, the base portion 204
of the fusible part 292 is integral with the tube 102 and
the tip portion 206 is integral with the housing 150, in
particular the third wall 130, in case the tip portion 206
is brazed with the housing 150.

[0047] Preferably, the fusible part 202 may be half the
thickness of the tube 102, in which the thickness is meas-
ured in a direction perpendicular to the general plane
(P1) of the tube 102. In other words, each fusible part
202 protruding from one corner area of the tube 102 is
of the same thickness as the half-plate of the tube 102
from which the fusible part 202 protrudes there-from. Al-
ternatively, the fusible part 202 protruding from one cor-
ner area of the tube 102 is thicker than the half-plate of
the tube 102 from which the fusible part 202 protrudes
there-from. Alternatively, the fusible part 202 protruding
from one corner area of the tube 102 is thinner than the
half-plate of the tube 102 from which the fusible part 202
protrudes there-from.

[0048] As the notch 208 is provided between the cou-
pling edge 104 of the tube 102 and the base portion 204
of the fusible part 202, the tip portion 206 can be easily
separated from the fusible part 202 when there is a dif-
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ferential expansion and contraction between the tube 102
and the housing 150. In other words, the notch 208 allows
the tip portion 206 be separated from the base portion
204 in such a way, that during the operational mode of
the heat exchanger 100, the tube 102 does not collide
with the housing 150 or the contact between these ele-
ments is very gentle. This allows to significantly improve
the thermal resistance of the whole heat exchanger 100.
To achieve similar effect, those skilled in the art could,
for example, increase the size of the housing 150 in the
direction parallel to the general plane (P1) of the tube
102, so that the tubes can expand and contract freely,
yet it would create several problems, such as increased
packaging, reduced thermal efficiency of the heat ex-
changer, and other

[0049] In any case, the invention cannot and should
not be limited to the embodiments specifically described
in this document, as other embodiments might exist. The
invention shall spread to any equivalent means and any
technically operating combination of means.

Claims

1. Atube (102) for a heat exchanger (100) comprising
at least one fusible part (202) formed on at least one
coupling edge (104) of the tube (102) for assembling
with at least one wall (130) of the heat exchanger
(100), whereinthe tube (102)is aflattube assembled
of two half-plates so that it comprises two flat walls
joined along at least two coupling edges (104),
wherein the two coupling edges (104) define a gen-
eral plane (P1), characterised in that the fusible
part (202) is parallelly aligned with respect to a gen-
eral plane (P1) of the tube (102), wherein the fusible
part (202) comprises a base portion (204) located in
the vicinity of the coupling edge (104) and a tip por-
tion (206) located in the vicinity of the wall (130) of
the heat exchanger (100), wherein the tip portion
(206) of the fusible part (202) is adapted to be entirely
separated from the wall (130) by differential in ex-
pansion and contraction between the tube (102) and
the wall (130).

2. The tube (102) according to claim 1, the tube (102)
further comprises at least one notch (208) located
on the corner area of the tube (102), in particular the
notch (208) being located between the coupling edge
(104) and base portion (204) of the fusible part (202).

3. The tube (102) according to any of the preceding
claims, wherein the tip portion (206) of the fusible
part (202) extends beyond the coupling edge (104)
of the tube (102).

4. The tube (102) according to any of the preceding
claims, wherein the fusible part (202) is formed at
the corners of the coupling edge (104) of the tube
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10.

1.

12.

13.

(102).

The tube (102) according to any of the preceding
claims, wherein the tip portion (206) of the fusible
part (202) is narrower than the base portion (204) to
facilitate separation of the tube (102) from the wall
(130)

The tube (102) according to any of the preceding
claims, wherein the coupling edge (104) is formed
to delimit the tube (102) formed by two plates as-
sembled with each other with their respective oppo-
site faces.

The tube (102) according to any of the preceding
claims, wherein the coupling edges (104) are intend-
ed to delimit a conduit for the circulation of a heat-
transfer fluid within the tube (102).

The tube (102) according to any of the preceding
claims, wherein the fusible part (202) is of a trape-
zoidal shape, wherein the width of the tip portion
(206) is smaller than of the width of the base portion
(204).

The tube (102) according to claim 8, the fusible part
(202) further comprises sloping edges (210) con-
necting the tip portion (206) with the base portion
(204).

The tube (102) according to any of the claims 1 to
7, wherein the fusible part (202) is of a triangular
shape.

The tube (102) according to any of the preceding
claims, wherein the fusible part (202) is half the thick-
ness of the tube (102), wherein the thickness is
measured in a direction perpendicular to the general
plane (P1) of the tube (102).

The tube (102) according to any of the preceding
claims, wherein the fusible part (202) is thicker than
halfthe thickness of the tube (102), wherein the thick-
ness is measured in a direction perpendicular to the
general plane (P1) of the tube (102).

The tube (102) according to any of the preceding
claims, wherein the fusible part (202) is thinner than
halfthe thickness of the tube (102), wherein the thick-
ness is measured in a direction perpendicular to the
general plane (P1) of the tube (102).
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