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Description
[Technical Field]

[0001] The present disclosure particularly relates to a heat transfer system for using in a vehicle. In this system, heat
is preferably transferred between a coolant as a first fluid, for example, water or water-glycol-mixture, and the air as a
second fluid. This system has an assembly composed of a pipe element for passing through the first fluid, and one or
more pipe bottoms and one or more sealing elements having a through opening for passing through the pipe element,
respectively.

[Background Art]

[0002] A coolant-air-heat exchanger known in the related art for transferring heat to the ambient air from a coolant
circulation system is used in a so-called high-temperature coolant circulation system for discharging the heat of a
combustion engine. The coolant-air-heat exchanger formed from aluminum has few pipes, a multi-disc, and a side
element fixed within the pipe bottom, a coolant collector arranged on a crimp connection part has various elements to
be assembled for heat exchange. The pipes aligned parallel to each other and arranged as a matrix are used to guide
the liquid coolant between the collectors. The coolant collector arranged at both sides on the end portion of the pipe is
sealed with respect to the pipe and the pipe bottom by an EthylenePropylene-diene-rubber-sealing element simply called
as an EPDM-sealing part according to the conventional method. The pipe, the pipe bottom, the multi-disc, and the side
element are completed in a completely soldered state as a so-called slot cooler or completed in a completely soldered
state as a so-called soldering cooler.

[0003] When the soldering method is used in the controlled atmosphere simply called as a "Controlled Atmospheric
Brazing (CAB)," the matrix composed of the pipe and the multi-disc is connected to each other and in some cases, is
connected with the pipe bottom as the metal element of the collector, respectively. In the plugging method, the soldering
or welding of adjacent metal parts is avoided by using the mechanical assembly between the matrix and the collector
simply called as a Mechanical Assembly (MA).

[0004] The air absorbing heat from the coolant flows through the outer surface of the pipe, and therefore, flows between
the pipes. The multi-disc or a rib arranged between the pipes on the outer surface is used for enlarging an air-side heat
transfer surface, and therefore, is used for increasing the output of the heat exchanger.

[0005] A known coolant-air-heat exchanger has unsatisfactory durability against the quickly changing temperature of
the coolant. Therefore, the coolant-air-the heat exchanger can be cooled to the temperature within a range of -20°C to
-10°C in the extreme application examples, and operated by the coolant having the temperature of about 120°C due to
the quickly opened valve within the coolant circulation system. At this time, the coolant-air-heat exchanger undergoes
a very strong change in temperature, and experiences thermal shock. A very large material stress appears due to the
thermal expansion time-displaced of the individual pipe.

[0006] The slot cooler has a very high resistance capability against the change in temperature of the coolant due to
the sliding bearing-connection between the pipe as the element of the collector and the pipe bottom, but has cooling
performance smaller than that of the soldering cooler because of the connection of the forced coupling method between
the pipe and the multi-disc. The soldering cooler has the limited durability against the change in temperature and the
thermal expansion of the individual pipe caused thereby due to the rigid soldering connection between the pipe and the
pipe bottom again.

[0007] DE 102015113905 A1 discloses a method for manufacturing and mounting a heat exchanger having a collector
mechanically mounted for using in a vehicle, particularly, an air flow-heat exchanger and the heat exchanger. This heat
exchanger includes a matrix completely bonded mechanically from a plurality of metal pipes and a plurality of metal ribs
arranged in parallel. The pipe has a heat transfer section having a straight-type lateral cross-sectional shape with two
longer side surfaces and shorter side surfaces disposed to face each other, respectively. In order to provide the sealing
and to enable the relative motion between the pipe and a first collector mechanically connected due to the thermal
expansion and contraction of the matrix, one or more pipes are connected with the first collector by one or more flexible
elements extended by a first end portion section of the pipe in the first end portion section.

[0008] In this case, according to a method that is inserted into the pipe in a state where the pipe and the multi-disc
has been soldered without the pipe bottom and then the pipe bottom has been sealed within a sealing part through a
press fit, the synergy of the methods for manufacturing the slot cooler and the soldering cooler is described. The tem-
perature exceeding 600°C during soldering within a soldering oven is provided, such that the pipe cannot withstand
permanently the resistance force provided by the sealing by the press fitin the end portion region, particularly, according
to the demand to assure a sealing device through the entire circumference of the pipe.

[0009] The conventional pipe of the heat exchanger used in the vehicle, particularly, the pipe made of an aluminum
alloy, cannot often withstand the sealing pressure acting on the wall of the pipe after the compression of the sealing part
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between the pipe and the pipe bottom. In this case, the heat exchanger known in the related art and the method for
manufacturing the heat exchanger are limited to the use of the pipe having the width or the depth of about 11mm at
maximum, particularly, the welded pipe. On the other hand, the sealing part should be compressed within a range of
10% to 50% through the entire circumference of the pipe, and in this case, the compressed sealing part causes the
situation where the unsupported wide wall of the pipe can be collapsed, particularly, due to the force applied to the wall
of the pipe. On the another hand, the compression of the sealing part is placed in the central region of the wall of the
pipe, that is, is often placed below a target value described above within the region of the pipe crown.

Document FR 2825459, which can be considered as the closest prior art, discloses a heat exchanger, consisting of a
block of tubes and fins as well as water boxes or collectors, which have tube plates with flattened oval passage openings
and a rubber seal.The tubes also have a flattened oval cross-section with a large axis (a) and a small axis (b) and are
connected or joined to the fins by flaring.

Document JP S59 29994 A discloses a heat exchanger in which the end of a fluid tube, provided with a multitude of
heat dissipating fins in parallel and having an elliptical section, is inserted into a collared opening of a header plate, the
whole of the end of the tube is expanded into an elliptical shape at the inserting part, the collared opening of a gasket
is pressed into and interposed inbetween the expanded part and the internal surface of the collared opening of the
header plate 1 to attach the tube to the header plate air-tightly.

Document WO 2019/229369 A1 discloses a exchanger comprising a mechanically assembled heat exchange core
bundle comprising at least one row of tubes with two end tubes one at each end of said at least one row, the tubes
respectively comprising an end intended to open into an interior volume of a header tank.

Document EP 1 774 237 A1 discloses a heat exchanger with a collecting box on the inlet side and on the outlet side
and tubes connecting the two collecting boxes, through which the first fluid can flow and around which a second gaseous
fluid, in particular air, can flow and which have tube ends.

[DISCLOSURE]
[Technical Problem]

[0010] An object of the present disclosure is to provide a system for efficiently transferring heat between two fluids,
particularly, between the liquid-phase fluid as a coolant and the air, and in addition, to constitute the system as intended.
At this time, a heat exchanger should have the sufficient and uniform compressed state and the maximum sealing state,
that is, the high thermal shock durability of a sealing part through the entire circumference of the pipe, respectively, even
when a change in temperature is large. According to the heat exchanger, the maximum heat output should be transferred
at the minimum size of structure or at the demand for the minimum installation space. In addition, the heat exchanger
should have the minimum weight, and cause the minimum manufacturing cost and material cost.

[Technical Solution]

[0011] The object is achieved by the elements having the features of the independent claims. The improvement
examples are recited in the dependent claims.

[0012] The object is achieved by a system according to the present disclosure for transferring heat between a first
fluid and a second fluid. The system has an assembly composed of one or more pipe bottoms having a through opening
and one or more sealing elements having a through opening, and pipe elements for passing through the first fluid.
[0013] The pipe elements arranged in a state having passed through the through opening, respectively, can be formed
of a flat pipe having a first region having a first height X and a depth W, and one or more second regions having a support
surface for sealing and fixing on the pipe bottom having a second height Y and arranged on one end portion of the pipe
element, respectively.

[0014] Therefore, the pipe elements have a heat transfer region circulated by the second fluid, particularly, the air in
the first region, and preferably has a region connected with the pipe bottom in the second region.

[0015] The sealing element is arranged between the support surface of the pipe element and the edge of a through
opening of the pipe bottom, and has a specific wall thickness G, respectively. One or more pipe bottoms having the
through opening are connected with the pipe elements in the fluid sealing method by the sealing element intermediate-
supported. The through openings of the pipe bottom and the sealing element are matched to each other in the shape,
respectively, and also matched with the outer shape of the pipe element. In this case, one pipe element is preferably
present in a state having passed through the through opening, respectively, such that each end portion of one pipe
element is accurately assigned with one through opening.

[0016] The pipe elements have a wide side to be aligned parallel to each other and at an interval F with respect to
each other in the first region, respectively. A web having a predetermined height H can also be provided one by one
between the through openings arranged adjacent to each other of the pipe bottom, respectively.
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[0017] According to the concept of the present disclosure, when viewing in the height direction, the expansion inside
the first region of the pipe element formed at the first height X of one pipe element and the interval F of the pipe elements
adjacent to each other corresponds to the expansion inside the second region of the pipe element formed at the second
height Y of one pipe element, the height H of one web of the pipe bottom, and two times the wall thickness G of the
sealing element, and in this case, the following equation is applied:

CM=F-H=Y-X+2G

[0018] In the equation, the CM refers to the deformation degree of the end portion of the pipe element in the height
direction, and is placed in a range between the maximum value CM,,,, and the minimum value CM,;,. The CM;;,
corresponds to two times the wall thickness G of the sealing element, that is, CM,,,;, = 2-G. In the minimum value CM,;;,
= 2-G, the end portions of the pipe of the pipe element have not been broken in shape or not deformed in at least height
direction.

[0019] Particularly, the deformation limitation CM,,, is specified as the maximum value, and the deformation limitation
CM,,,in is specified as the minimum value, such that the CM as a parameter describes the deformation suitable for the
end portion of the pipe element formed for the purpose of securing the firm and reliable sealing of the pipe element of
the circumference with respect to the sealing element surrounding the peripheral within a press fit.

[0020] The pipe element can be preferably made of metal. The lateral cross section of the pipe element is preferably
expanded within the second region on the plane aligned vertically with respect to the vertical direction.

[0021] According to one improvement example of the present disclosure, the flow lateral cross section of the pipe
element is limited by two side surfaces disposed to face each other, respectively, and these side surfaces form the
narrow side or the vertical side of the flow lateral cross section in pair, respectively.

[0022] According to an alternative first embodiment of the present disclosure, the side surfaces of the pipe element
arranged adjacent to each other are aligned vertically with respect to each other at the contact edges proceeding in the
vertical direction. In this case, the contact edges have a transition part round-processed having an edge radius R,
respectively.

[0023] The first height X of the first region of the pipe element is preferably greater than a value of two times the edge
radius R of the pipe element. In this case, the maximum value CM,,, is appeared from the following equation,

CMumax = [(2TR + 2(W-2R) + 2(X-2R))A / 7] - X + 2G,

and

the A in the equation describes a ratio of the circumference of the pipe element on the end portion of the pipe after
deformation to the circumference of the pipe element on the end portion of the pipe element before deformation. The
characteristic of the geometrical structure and material enables the maximum deformation, particularly, the expansion
of the end portion of the pipe until when the deformation according to the tensile limitation of the material of the pipe
element causes the crack of the material.

[0024] According to an alternative second embodiment of the present disclosure, the side surfaces arranged at the
vertical side of the flow lateral cross section of the pipe element, respectively, are connected to each other through the
side surface of the narrow side bent outwards in the semicircle hollow cylinder shape and having the outer radius R.
[0025] The first height X of the first region of the pipe element preferably corresponds to two times the radius R of the
side surface of the narrow side of the pipe element bent outwards in the semicircle hollow cylinder shape. In this case,
the maximum value CM,,,, is appeared from the following equation,

CMuax = [(XT[ + 2(W-X))A/ T[] - X+ 2G,

and

the A in the equation corresponds to the expansion capacity of the pipe.

[0026] One advantage of the present disclosure is that the flow channel limited by the wall of the pipe element is
substantially deformed from the rectangular lateral cross section shape into the elliptical lateral cross section shape,
when the lateral cross section of the second region of the pipe element is expanded on the plane aligned vertically with
respect to the vertical direction.
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[0027] According to an improvement example of the present disclosure, the pipe element has the wall thickness of
0.22mm, the first height X of about 2.5mm, and the width W of about 10.8mm in the first region, and has the second
height Y of about 4.69mm and the width of about 10.95mm in the second region.

[0028] According to another preferred embodiment of the present disclosure, the pipe element on the end portion of
the pipe is formed in a state expanded starting from the front in the region of an apex of the vertical side, respectively,
such that the wall of the pipe element is deformed to have a molding part outwards in the height direction, respectively.
Therefore, the pipe element is formed to have the shape in the region of the apex of the upper surface and the lower
surface, respectively. At this time, the pipe element preferably has an extension part of about 7.6mm in the maximally
expanded region of the molding part in the height direction.

[0029] According to the invention, the pipe bottom has a ring element for at least locally reducing the opened lateral
cross section of the through opening for receiving the sealing element in the region of the web, respectively.

[0030] Another preferred embodiment of the present disclosure can form the pipe bottom as the sidewall element of
a collector of the heat transfer system.

[0031] The heat transfer system can preferably form to have two pipe bottoms having the through opening and two
sealing elements having the through opening. The pipe bottoms are connected with the pipe elements in the fluid sealing
method, respectively, and in this case, the through openings coincide with the outer shape of the pipe element in the
shape, respectively, and the respective pipe elements are arranged to have a first end portion passing through the
through opening formed on a first pipe bottom and a second end portion passing through the through opening formed
on a second pipe bottom, respectively.

[0032] The pipe elements are preferably formed in a straight line and preferably made of an aluminum alloy.

[0033] According to an improvement example of the present disclosure, the pipe elements are aligned by one column
or a plurality of columns inside an arrangement.

[0034] The pipe elements of one column of the system according to the present disclosure aligned side by side and
parallel to each other, and to have a wide side with respect to each other are preferably arranged so that the flow path
for the second fluid, particularly, the air, is directly formed one by one between the pipe elements arranged adjacent to
each other, respectively.

[0035] A multi-disc or arib for changing the flow lateral cross section and/or expanding a heat transfer area is preferably
arranged within the flow path formed inside the first region by the pipe elements arranged adjacent to each other. In this
case, the multi-disc has an extension part in the height direction, and the extension part corresponds to the interval F
of the pipe elements arranged adjacent to each other. The multi-disc or the rib is preferably made of an aluminum alloy.
[0036] A preferred embodiment of the present disclosure can allow the heat transfer system to be used as a coolant-
air-heat exchanger within a coolant circulation system, particularly, within an engine coolant circulation system, of a
vehicle.

[0037] In summary, the heat transfer system according to the present disclosure has various advantages as follows.

- The use of CAB/MA-manufacturing principle is expanded within the frame of the conventional pipe portfolio,

- when the size of the structure is the minimum or the demand for the installation space is the minimum, that is, when
a ratio of the opened volume to the transferable heat output is optimum, the maximum heat output is transferred
even by a optimum ratio of the geometrical structure,

- the complexity and the material cost are reduced, and therefore, the manufacturing cost is reduced,

- the minimum weight is obtained,

- itis possible to have the maximum sealing, that is, the high thermal shock durability and the high resistance capability
against the change in temperature even when the change in temperature is large, such that the high opening speed
and closing speed of the valves are possible within the fluid circulation system, particularly, within the coolant
circulation system when the connection between the pipe element, the sealing element, and the pipe bottom is flexible,

- the use is secured even when the pressure pulsation load is high,

- the connection of the end portion of the pipe inside the pipe bottom and the sealing element is permanently secured
by the press fit executing the uniform sealing compression at the specified level, such that the maximum lifespan
is secured.

[Advantageous Effects]

[0038] According to the heat transfer system of the present disclosure, the use of CAB/MA-manufacturing principle
can be expanded within the frame of the conventional pipe portfolio, when the size of the structure is the minimum or
the demand for the installation space is the minimum, that is, when a ratio of the opened volume to the transferable heat
output is optimum, the maximum heat output can be transferred even by a optimum ratio of the geometrical structure.
[0039] In addition, the complexity and the material cost is reduced, and therefore, the manufacturing cost is reduced,
and the minimum weight is obtained.
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[0040] In addition, it is possible to have the maximum sealing, that is, the high thermal shock durability and the high
resistance capability against the change in temperature even when the change in temperature is large, such that the
high opening speed and closing speed of the valves are possible within the fluid circulation system, particularly, within
the coolant circulation system when the connection between the pipe element, the sealing element, and the pipe bottom
is flexible, the use is secured even when the pressure pulsation load is high, and the connection of the end portion of
the pipe inside the pipe bottom and the sealing element is permanently secured by the press fit executing the uniform
sealing compression at the specified level, such that the maximum lifespan is secured.

[Description of Drawings]

[0041] Additional specificitems, features and advantages of the embodiments of the present disclosure will be appeared
from the following detailed descriptions for the embodiments of the present disclosure with reference to the relevant
drawings. Herein,

FIG. 1 is an exploded diagram specifically showing a heat transfer system having a pipe element arrangement
including a multi-disc intermediate-supported, a pipe bottom, a sealing element, and a collector as an individual
component.

FIG. 2Ais aside diagram showing the pipe element having a first region and a second region to be formed of a flat pipe.
FIGS. 2B and 2D are perspective diagrams showing the pipe element having different flow lateral cross sections,
respectively, and formed of the flat pipe.

FIG. 2C is a diagram specifically showing the pipe element shown in FIG. 2B.

FIG. 3Ais a side diagram specifically showing the arrangement of the pipe element having the multi-disc intermediate-
supported of the heat transfer system shown in FIG. 1.

FIG. 3B is a side cross-sectional diagram specifically showing the arrangement of the pipe element having the multi-
disc intermediate-supported, the pipe bottom, and the sealing element of the heat transfer system shown in FIG. 1.
FIG. 3C is a diagram specifically showing the pipe bottom having the sealing element shown in FIG. 3B.

FIGS. 4A and 4B are a perspective diagram and a plane diagram showing the pipe element partially enlarged on
the end portion of the pipe, and having the elliptical lateral cross section similar to the pipe element shown in FIG. 2A.
FIGS. 4C to 4F are a perspective diagram and a plane diagram showing the pipe element finally enlarged on the
end portion of the pipe shown in FIGS. 4A and 4B.

FIGS. 5A and 5B are a perspective diagram and a plane diagram showing the pipe element having partially enlarged
on the end portion of the pipe, and having the elliptical lateral cross section similar to the pipe element shown in
FIG. 4A.

FIG. 6A is a side cross-sectional diagram specifically showing the arrangement of the pipe element shown in FIG.
5A within a through opening of the pipe bottom having the sealing element.

FIG. 6B is a diagram specifically showing the pipe bottom having the sealing element and the pipe element shown
in FIG. 6A.

[Best Mode]

[0042] FIG. 1 shows a pipe element 3 having a pipe bottom 5 and a sealing element 7 of a heat transfer system 1,
particularly, an arrangement 2 of a flat pipe. In this drawing, the heat transfer system 1 having the arrangement 2 including
a pipe element 3 having a multi-disc 4 intermediate-supported, the pipe bottom 5, the sealing element 7, and a collector
9 is specifically shown. The collector 9 is also called as a coolant collector when coolant is used as fluid.

[0043] The arrangement 2 formed of the pipe element 3 is formed in one column or a plurality of columns according
to the output demand condition, and is adjustable in terms of size, that is, in terms of the length or the width, particularly.
The pipe element 3 is arranged in two columns.

[0044] The pipe element 3 aligned side by side and parallel to each other is aligned with respect to each other inside
one column having a wide side, such that the flow path for fluid, particularly, the air, is directly generated between the
pipe elements 3 adjacent to each other, respectively. At this time, the flow path proceeds between the pipe elements 3,
respectively. The pipe elements 3 of one column are arranged in the same line with respect to each other, and extended
between two collectors 9, respectively. The inner volume of the pipe element 3 is connected with the inner volume of
the collector 9.

[0045] Within the flow path and the intermediate space of the pipe element 3 arranged adjacent to each other, an
element for changing the flow lateral cross section and/or expanding the heat transfer area is formed. As the element
for changing the flow lateral cross section and/or expanding the heat transfer area, the multi-disc 4 is provided. Alter-
natively, a rib can also be used. The multi-disc 4 is preferably formed in a material having the excellent heat conductivity
such as an aluminum alloy like the pipe element 3.
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[0046] In a state where the system 1 has been assembled, the pipe bottom 5, which can be used even as the sidewall
element of the collector 9 is provided at the front or the narrow side of the arrangement 2, respectively. In this case, the
side surface on which the end portion of the pipe element 3 has been aligned is called as a front. The pipe bottom 5 is
made of metal, particularly, an aluminum alloy, respectively, as a deep drawing part, a perforation part or a hydrofoaming
part, which are substantially the form of the rectangular-shaped sheet. In this case, the sheet is understood as a flat
final product of a rolling mill made of metal. The hydrofoaming also called as high-pressure deformation is regarded as
deforming the sheet within the closed mold tool by using the pressure generated within the tool by the water-oil-emulsion.
[0047] The sealing element 7 as well as the pipe bottom 5 on which the edge region has been round-processed also
has the through openings 6, 8 for receiving the pipe element 3. In order to make the fluid sealing connection between
the individual pipe element 3 and the pipe bottom 5, the through opening 6 of the pipe bottom 5 and the through opening
8 of the sealing element 7 are matched to each other, and also matched with the outer dimension of the pipe element
3. A web 5-1 is formed between the through openings 6 of the pipe bottom 5, respectively.

[0048] The pipe bottom 5 arranged at the side facing each other of the collector 9 is fixedly connected with the pipe
element 3. The fixing connection can be regarded as the zero-leakage technically sealed by the sealing element 7,
respectively. The pipe bottom 5 is aligned vertically with respect to the pipe element 3 at the narrow side of the pipe
element 3 to be arranged on the arrangement 2.

[0049] FIG. 2A s aside diagram showing the pipe element 3 formed of the flat pipe having a first region 10 not deformed
as a heat transfer region, a second region 11 not deformed as a deformation region, and a connection part with the pipe
bottom 5. The regions 10, 11 of the pipe element are formed in a state connected to each other when viewing in the
vertical direction a.

[0050] The pipe element 3 is expanded and deformed at least partially on the end portion of the pipe. The lateral cross
section of a flow channel surrounded by the wall of the pipe element 3 is expanded constantly and uniformly between
the first region 10 circulated by the fluid and the second region 11 facing the end portion side of the pipe. The cross-
sectional area of the flow channel is constant inside the regions 10, 11, respectively. The second region 11 of the pipe
element 3 is preferably used as a support surface for the sealing element 7 formed flatly, that is, without a structure such
as a notch or a groove, respectively.

[0051] The pipe element 3 has an outer extension part X also called as the height X of the first region 10 when viewing
in the height direction ¢ within the first region 10 not deformed. The second region 11 of the pipe element 3, which has
been expanded at least partially, is formed by an outer extension part Y also called as the height Y of the second region
11 when viewing in the height direction c. The width of the pipe element 3 is extended in the depth direction b, respectively.
[0052] In FIGS. 2B and 2D, perspective diagrams showing the pipe elements 3a, 3b having different flow lateral cross
sections and formed of the flat pipe are shown, respectively. In these drawings, one end surface of the first region 10
not deformed of the pipe elements 3a, 3b are shown, respectively. The flow lateral cross section is extended within the
plane set by the depth direction b and the height direction c.

[0053] The flow lateral cross-sections are limited by two side surfaces placed to face each other, respectively, and
these side surfaces form the narrow side or the vertical side of the flow lateral cross section, respectively. The side
surfaces formed to face each other in pair have the same dimension, respectively. In this case, the side surfaces of the
narrow side as a first pair in the height direction ¢ have the same height X, while the side surfaces of the vertical side
as a second pair in the depth direction b aligned parallel to each other have the same width W.

[0054] A substantial difference between FIGS. 3A and 3B is the dimension of the height X, the shape of the transition
part between the side surfaces adjacent to each other or the shape of the side surface of the narrow side.

[0055] A pipe element 3a of FIG. 2B is formed to have the transition part round-processed on the side surface aligned
vertically with respect to each other. The transition part has the edge radius R, and this situation is particularly shown
in the diagram specifically showing the pipe element 3a of FIG. 2C.

[0056] The side surfaces arranged, respectively, at the vertical side of the flow cross section of a pipe element 3b
shown in FIG. 2D is connected to each other through the side surface of the semicircle hollow cylinder shape of the
narrow side, respectively. In this case, the outer radius R of the side surface corresponds to a half of the height X.
[0057] FIGS. 3A and 3B are diagrams specifically showing the arrangement 2 of the pipe element 3 having the multi-
disc 4 intermediate-supported of the heat transfer system 1 shown in FIG. 1. In this case, FIG. 3A shows a side diagram,
while in FIG. 3B, a diagram specifically showing the arrangement 2 shown in FIG. 3A is shown as a side cross-sectional
diagram in a state expanded by the pipe bottom 5 and the sealing element 7.

[0058] The pipe element 3 is formed by the height X in the first region 10, respectively, and by the height Y in the
second region 11, respectively, and in this case, the extension part of the pipe element 3 is smaller within the first region
10 than within the second region 11 when viewing in the height direction c. The pipe element 3 is uniformly expanded
to the circumference of the central axis aligned in the vertical direction a within the second region 11.

[0059] Within the intermediate space inside the first region 10 having a wide side and formed within the pipe element
3 aligned side by side and parallel to each other, the multi-disc 4 is provided as the element for changing the flow lateral
cross section and/or expanding the heat transfer area. The multi-disc 4 connected with the pipe element 3, respectively,
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at the wide side of the pipe element 3 arranged adjacent to each other completely fills the intermediate space between
the pipe elements 3, such that the interval F of the pipe element 3 arranged adjacent to each other also corresponds to
the height F of the multi-disc 4 when viewing in the height direction c. In this case, the multi-disc 4 is formed only within
the first region 10 of the pipe element 3.

[0060] The pipe element 3 has the second region 11, respectively, and is arranged within the through openings 6, 8
of the sealing element 7 and the pipe bottom 5. The web 5-1 is formed between the through opening 6 of the pipe bottom
5 arranged adjacent to each other in the height direction ¢, and this web limits the through opening 6 in the depth direction
b, respectively, and substantially contacts the wide side of the pipe element 3 in a state connected with the sealing
element 7. In FIG. 3C, a diagram specifically showing the web 5-1 of the pipe bottom 5 having the sealing element 7
shown in FIG. 3B is shown.

[0061] Within the intermediate space inside the second region 11 having a wide side and formed within the pipe
element 3 aligned side by side and parallel to each other, the web 5-1 of the pipe bottom 5 and the sealing part 7 are
arranged. Therefore, the intermediate space between the pipe elements 3 arranged adjacent to each other when viewing
the height direction c is completely filled by one web 5-1 and two sections of the sealing part 7. When viewing in the
height direction c, the web 5-1 is formed at the height H, while the two sections of the sealing element 7 have the wall
thickness G, respectively.

[0062] In the first region 10 of the pipe element 3, the extension part of an unit composed of the pipe element 3 and
the multi-disc 4 is appeared from a value obtained by adding the height X of the pipe element 3 to the height F of the
multi-disc 4 in the height direction c. In addition, in the second region 11 of the pipe element 3, the extension part of an
unit composed of the pipe element 3, the sealing element 7, and the web 5-1 of the pipe bottom 5 is appeared from a
value obtained by adding the height Y of the pipe element 3 to the height H of the web 5-1 and two times the wall
thickness G of the sealing part, and this situation induces the following equation.

Equation 1 X+F=Y+H+2G

[0063] After conversion of Equation 1, the following equation is appeared as

Equation 2 CM=F-H=Y-X+2G

[0064] The CM in the equation refers to the optimum range of the difference between the height H of the web 5-1 of
the pipe bottom 5 as the extension part in the height direction ¢ formed between the adjacent through openings 6 of the
pipe bottom 5 and the height F of the multi-disc 4, and the deformation degree of the end portion of the pipe element 3
in the height direction c.

Equation 3 CMmax = CM = CMuin

[0065] The equations describe the optimum relationship between the structure of the pipe element 3 referring to the
radius R, the width X, and the height X of the first region 10 and the deformation of the pipe element 3 at the end portion
thereof referring to the height Y of the second region 11, the height F of the multi-disc 4, the height H of the web 5-1
between the through openings 6 of the pipe bottom 5, and the wall thickness G of the sealing element 7. In this case,
particularly, referring to the following Equations 4 to 6, a range between the maximum value CM,,,, at which the defor-
mation of the end portion of the pipe of the pipe element 3 induces the circular flow lateral cross section and the minimum
value CM,,,;, at which the end portion of the pipe of the pipe element 3 is not deformed is indicated.

[0066] According to FIGS. 2B and 2C in which the side surface is aligned vertically with respect to each other, and
the transition part between the side surfaces adjacent to each other has been round-processed, when the height X of
the first region 10 is greater than a value of two times the edge radius R of the pipe element 3a (X > 2-R), the maximum
value CM,,,, is appeared as follows.

Equation 4 CMmax = [(2TR + 2(W-2R) + 2(X-2R)A / 7] - X +2G

[0067] According to FIG. 2D that has the side surface of the vertical side connected to each other through the side
surface of the semicircle cylinder shape of the narrow side, respectively, when the height X of the first region 10 coincides
with two times the radius R of the pipe element 3b (X = 2:R), the maximum value CM,,,, is appeared as follow.
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Equation 5 CMmax = [(XT[ + 2(W-X))A / T[] - X+ 2G

[0068] The pipe element 3 is not expanded from the end portion of the pipe, not changed in shape, or not deformed,
such that the height Y of the second region 11 coincides with the height X of the first region 10 of the pipe elements 3,
3a, 3b (Y = X) to determine the minimum limitation CM,,;,. Therefore, the minimum value CM,,;, is always appeared
from two times the wall thickness G of the sealing element 7 as follows.

Equation 6 CMnmin =2-G

[0069] The parameter A describes the expansion capacity of the pipe as a ratio of the circumference of the pipe
element at the end portion of the pipe after deformation to the circumference of the pipe element at the end portion of
the pipe before deformation.

[0070] FIGS. 4A and 4B are a perspective diagram and a plane diagram showing the pipe element 3 expanded at
least partially from the end portion of the pipe similar to the pipe element 3a shown in FIG. 2A or FIGS. 2B and 2C,
respectively. The pipe element 3 is deformed and expanded in the region of the end portion of the pipe, such that the
flow channel limited by the wall of the pipe element 3 has been substantially deformed from the rectangular lateral cross-
sectional shape into the elliptical lateral cross-sectional shape. The elliptical lateral cross-sectional shape of the flow
channel is very stable against the outer pressure, and particularly, is very stable against the pressure provided by the
compressed sealing element 7.

[0071] In this case, the pipe element 3 not deformed has been formed at the wall thickness of 0.22mm, the width W
of about 10.8mm, and the height X of 2.5mm. The pipe element 3 expanded at least partially has the height of about
4.69mm when the width is about 10.95mm in the second region 11, for example, in the region of the maximum extension
part Y. The second region 11 is formed as the support surface 13 having the indicated dimension, and the support
surface contacts the wall of the pipe element 3 on the pipe bottom 5 or on the sealing element 7 compressed between
the pipe element 3 and the pipe bottom 5.

[0072] In orderto withstand the resistance of the compressed sealing element 7, the pipe element 3 is finally expanded
in the region of an apex 12. In this case, in order to further increase the rigidity of the support surface 13 with respect
to the sealing element 7, the wall of the pipe element 3 is deformed outwards from the vertical side. In a state finally
deformed, particularly, the structure of the wall of the pipe element 3 is reinforced at the vertical side.

[0073] FIGS. 4C to 4F are a perspective diagram and a plane diagram showing the pipe element 3 finally expanded
from the end portion of the pipe. According to FIGS. 4A and 4B, after the pipe element 3 has been expanded at least
partially, the pipe element 3 is finally expanded starting from the front in the already deformed region of the end portion
of the pipe, respectively. In this case, particularly, the edges of the upper surface and the lower surface are deformed
outwards in the height direction c, respectively. By using a perforation blade, the apex 12 of the pipe element 3 is
expanded with respect to the sealing element 7 in the second region 11, and the compression of the sealing element 7
is increased. After the blade has been removed, the flexible material of the pipe is minimally restored in shape in the
direction of the starting position, and in this case, the compression of the sealing material 7 is kept within a predetermined
range as it is. Finally, the pipe element 3 has a molding part 14 in the region of the apex 12 of the upper surface and
the lower surface, respectively.

[0074] The wall of the pipe element 3 deformed on the end portion of the pipe is formed continuously and without
crack by the molding part 14. On the other hand, the shape of the molding part 14 is used to increase the structural
rigidity of the wall of the pipe element 3, and on the another hand, is used for fixing and sealing inside the through
opening 6 within the pipe bottom 5. In this case, a change in relative position of the pipe element 3 with respect to the
pipe bottom 5 and in addition, a fixing force of avoiding the movement of the pipe element 3 inside the pipe bottom 5
are also increased.

[0075] The pipe element 3 finally expanded now has an extension part Z of about 7.6mm in the maximally expanded
region of the molding part 14, for example.

[0076] The system 1 formed to have the pipe element 3 also has a very high thermal shock-durability due to the pipe
element-sealing element-pipe bottom-connection, which is flexible and not rigid, formed on one or more side surfaces
of the arrangement 2.

[0077] FIGS.5A and 5B are a perspective diagram showing the pipe element 3 having the elliptical lateral cross section
similar to the pipe element shown in FIG. 4A and a plane diagram in the operating direction of the pressure 15 provided
from the outside. The pressure is generated by the sealing element contacting through the entire range, which is not
shown in the drawing.

[0078] In this case, when viewing on the lateral cross section, the surface of the arc shape of the narrow side of the
deformed end portion of the pipe element 3 has a diameter smaller than the end portion of the pipe element 3 shown in
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FIG. 4A. The wall of the pipe element 3¢ has been formed to have a thicker lateral cross section formed in the elliptical
shape, which withstands the pressure provided from the outside more excellently.

[0079] The pipe element 3 can also be formed by a combination of the structural features such as the elliptical shape
of the lateral cross section on the end portion of the pipe according to FIG. 5A and the deformation of the end portion
of the pipe having the molding part 14 in the region of the apex 12 of the upper surface and the lower surface according
to FIGS. 4C to 4F.

[0080] FIG. 6A is a side cross-sectional diagram specifically showing the arrangement of the pipe element 3 within
the through opening 6 of the pipe bottom 5 having the sealing element 7. FIG. 6B is a diagram specifically showing the
pipe bottom 5 having the sealing element 7 and the pipe element 3 shown in FIG. 6A.

[0081] FIG. 6A particularly shows the arrangement of the deformed and expanded pipe element 3 preferably having
the elliptical lateral cross section arranged by passing through the through opening formed within the pipe bottom 5 and
the sealing element 7. Due to the expansion of the pipe element 3, the pipe element 3 is firmly connected with the sealing
element 7 arranged between the pipe element 3 and the edge of the through opening of the pipe element 3, and connected
with the pipe bottom 5 in the fluid sealing method.

[0082] The pipe bottom 5 is formed to have a ring element 17 in a region 16 of the web 5-1, respectively, and this ring
element at least locally reduces the opened lateral cross section of the through opening 6 for receiving the sealing
element 7 and the pipe element 3. The ring element 17 is formed so that the compression of the sealing element 7, in
which the sealing element 7 is additionally compressed on a predetermined section or a predetermined surface, such
that otherwise, the compression is less particularly in the region of the apex of the pipe element 3, increases as intended.
However, since the compression is stronger only in a region where the sealing element 7 is small, the final force acting
on the wall of the pipe is smaller, and the wall of the pipe is not collapsed.

[0083] Particularly, in order to reach the efficient compression of the sealing element 7 through the entire circumference
in the region 16 of the apex 12 again, the system 1 can be formed by any combination of the structural features of the
pipe element 3 such as the elliptical shape of the lateral cross section on the end portion of the pipe according to FIG.
5A and the deformation of the end portion of the pipe having the molding part 14 in the region of the apex 12 of the
upper surface and the lower surface according to FIGS. 4C to 4F, and by providing the ring element 17 in the region of
the web 5-1 of the pipe bottom 5.

[0084] The connection between the pipe bottom 5 and the pipe element 3 is secured so that the pipe element 3 is
arranged at the accurate position of the through openings 6, 8 and therefore, so that the reliable connection part of the
fluid sealing method is generated. In order to secure the sufficient and reliable compression of the sealing element 7,
the intended size of the expansion is previously determined as a final extension part of the pipe element 3. At this time,
the compression of the sealing element 7 is placed within a range of 10% to 50%, and in this case, the compression is
mostly achieved immediately after mounting the sealing element 7 and the pipe bottom 5 on the pipe element 3.

[Industrial Applicability]

[0085] The present disclosure particularly relates to the heat transfer system for using in the vehicle. In this system,
heat is preferably transferred between coolant as the first fluid, for example, water or water-glycol-mixture and the air
as the second fluid. This system has an assembly composed of a pipe element for passing through the first fluid, and
one or more pipe bottoms and one or more sealing elements having a through opening for passing through the pipe
element, respectively.

Claims
1. A heat transfer system (1),

as the system (1) for transferring heat between a first fluid and a second fluid, which has an arrangement (2)
composed of pipe elements (3, 3a, 3b, 3c) for passing through the first fluid, one or more pipe bottoms (5) having
a through opening (6), and one or more sealing elements (7) having a through opening (8),

wherein the pipe elements (3, 3a, 3b, 3c) are formed of a flat pipe having a first region (10) having a first height
X and a depth W and one or more second regions (11) having a support surface (13) arranged on one end
portion of the pipe elements (3, 3a, 3b, 3c) and having a second height Y, respectively,

wherein the sealing element (7) is arranged between the edge of the through opening (6) of the pipe bottom
(5), and having a wall thickness G, respectively,

wherein the pipe elements (3, 3a, 3b, 3c) having a wide side are aligned in a state aligned parallel to each other
and at an interval F with respect to each other in the first region (10), respectively,

wherein a web (5-1) having a height H is provided between the through openings (6) arranged adjacent to each
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other of the pipe bottom (5), respectively,

wherein when viewing in a height direction ¢, an extension part inside the first region (10) of the pipe elements
(3, 3a, 3b, 3c) appeared from a value obtained by adding a first height X of the pipe elements (3, 3a, 3b, 3c) to
the interval F corresponds to an extension part inside the second region (11) of the pipe elements (3, 3a, 3b,
3c) appeared from a value obtained by adding a second height Y of the pipe elements (3, 3a, 3b, 3c) to the
height H of the web (5-1) of the pipe bottom (5) and two times the wall thickness G of the sealing element (7), and
wherein CM =F -H =Y - X + 2:G, the CM in the equation refers to the deformation degree of the end portion
of the pipe elements (3, 3a, 3b, 3c) in the height direction c, is placed within a range between the maximum
value CM,,,,x and the minimum value CM,,,;,, and the CM,,,;, appears as CM,,;;, = 2-G when the heights X, Y of
the pipe elements (3, 3a, 3b, 3c) are the same, characterized in that

the pipe bottom (5) has a ring element (17) for locally reducing the opened lateral cross section of the through
opening (6) for receiving the sealing element (7) and the pipe elements (3, 3a, 3b, 3c) in the region (16) of the
web (5-1) in order to locally increase the compression of the sealing element (7) in the region (16).

The heat transfer system (1) of claim 1,
wherein the pipe elements (3, 3a, 3b, 3c) are made of metal.

The heat transfer system (1) of claim 1,
wherein the lateral cross sections of the pipe elements (3, 3a, 3b, 3c) are expanded within the second region (11)
on the plane aligned vertically with respect to a vertical direction a of the pipe elements (3, 3a, 3b, 3c).

The heat transfer system (1) of claim 1,

wherein the flow lateral cross sections of the pipe elements (3, 3a, 3b) are limited by two side surfaces disposed to
face each other, respectively, and the side surface forms the narrow side or the vertical side of the flow lateral cross
section in pair, respectively.

The heat transfer system (1) of claim 4,

wherein the side surfaces of the pipe elements (3, 3a) arranged adjacent to each other are aligned vertically with
respect to each other at the contact edges proceeding in the vertical direction a, and the contact edges have a
transition part round-processed having an edge radius R, respectively.

The heat transfer system (1) of claim 4,

wherein the side surfaces arranged at the vertical side of the flow lateral cross section of the pipe elements (3, 3b),
respectively, are connected to each other through the side surface of the narrow side bent outwards in the semicircle
hollow cylinder shape and having the outer radius R.

The heat transfer system (1) of claim 2,

wherein the pipe elements (3, 3a, 3b) have the wall thickness of 0.22mm, the first height X of about 2.5mm, and the
width W of about 10.8mm in the first region (10), and have the second height Y of about 4.69mm and the width of
about 10.95mm in the second region (11).

The heat transfer system (1) of claim 2,

wherein the pipe elements (3, 3a, 3b) on the end portion of the pipe are formed in a state expanded starting from
the front in the region of an apex (12) of the vertical side, respectively, and the wall of the pipe elements (3, 3a, 3b)
are deformed to have a molding part (14) outwards in the height direction c, respectively.

The heat transfer system (1) of claim 8,
wherein the pipe elements (3, 3a, 3b) have an extension part Z of about 7.6mm in the maximally expanded region
of the molding part (14) in the height direction c.

The heat transfer system (1) of claim 1,
wherein the pipe bottom (5) is formed as the sidewall element of a collector (9) of the system (1).

The heat transfer system (1) of claim 10,

wherein two pipe bottoms (5) having the through opening (6) and two sealing elements (7) having the through
opening (8) are formed, the pipe bottom (5) is connected with the pipe elements (3, 3a, 3b, 3c) in the fluid sealing
method, respectively, the through openings (6, 8) coincide with the outer shape of the pipe elements (3, 3a, 3b, 3c)
in the shape, respectively, and the respective pipe elements (3, 3a, 3b, 3c) are arranged to have a first end portion
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passing through the through opening (6) formed on a first pipe bottom (5) and a second end portion passing through
the through opening (6) formed on a second pipe bottom (5), respectively.

The heat transfer system (1) of claim 2,
wherein the pipe elements (3, 3a, 3b, 3c) are made of an aluminum alloy.

The heat transfer system (1) of claim 1,

wherein the pipe elements (3, 3a, 3b, 3c) of one column of the system (1) aligned side by side and parallel to each
other, and to have a wide side with respect to each other are arranged so that the flow path for the second fluid is
directly formed one by one between the pipe elements (3, 3a, 3b, 3c) arranged adjacent to each other, respectively.

The heat transfer system (1) of claim 13,

wherein a multi-disc (4) or a rib for changing the flow lateral cross section and/or expanding a heat transfer area
within the flow path formed inside the first region (10) by the pipe elements (3, 3a, 3b, 3c) arranged adjacent to each
other, the multi-disc (4) has an extension part in the height direction ¢, and the extension part corresponds to the
interval F of the pipe elements (3, 3a, 3b, 3c) arranged adjacent to each other.

The heat transfer system (1) of claim 14,
wherein the multi-disc (4) or the rib is made of an aluminum alloy.

An application of a system (1) using the heat transfer system (1) of any one of claims 1 to 15 as a coolant-air-heat
exchanger within a coolant circulation system, particularly, within an engine coolant circulation system of a vehicle.

Patentanspriiche

1.

2,

Ein Warmeubertragungssystem (1),

als das System (1) zum Ubertragen von Warme zwischen einem ersten Fluid und einem zweiten Fluid, das
eine Anordnung (2) aufweist, die aus Rohrelementen (3, 3a, 3b, 3c) zum Durchleiten des ersten Fluids, einem
oder mehreren Rohrbdden (5) mit einer Durchgangsoéffnung (6) und einem oder mehreren Dichtelementen (7)
mit einer Durchgangso6ffnung (8) besteht,

wobei die Rohrelemente (3, 3a, 3b, 3c) aus einem Flachrohr gebildet sind, das einen ersten Bereich (10) mit
einer ersten Hohe X und einer Tiefe W und einen oder mehrere zweite Bereiche (11) mit einer Stutzflache (13)
aufweist, die an einem Endabschnitt der Rohrelemente (3, 3a, 3b, 3c) angeordnet sind und jeweils eine zweite
Hohe Y aufweisen,

wobei das Dichtelement (7) zwischen dem Rand der Durchgangsoéffnung (6) des Rohrbodens (5) angeordnet
ist und jeweils eine Wandstarke G aufweist,

wobei die Rohrelemente (3, 3a, 3b, 3c) mit einer Breitseite jeweils in einem ersten Bereich (10) parallel zuein-
ander und in einem Abstand F zueinander ausgerichtet sind,

wobei zwischen den nebeneinander angeordneten Durchgangsoéffnungen (6) des Rohrbodens (5) jeweils ein
Steg (5-1) mit einer Hohe H vorgesehen ist,

wobei bei Betrachtung in einer Hohenrichtung ¢ ein Ausdehnungsteil innerhalb des ersten Bereichs (10) der
Rohrelemente (3, 3a, 3b, 3c) der sich einstellt aus einem Wert, der sich durch die Addition einer ersten Hohe
X der Rohrelemente (3, 3a, 3b, 3c) zu dem Abstand F ergibt, zu einem Ausdehnungsteil innerhalb des zweiten
Bereichs (11) der Rohrelemente (3, 3a, 3b, 3c) korrespondiert, der sich einstellt aus einem Wert, der sich durch
die Addition einer zweiten H6he Y der Rohrelemente (3, 3a, 3b, 3c) zu der Héhe H des Stegs (5-1) des Rohr-
bodens (5) und der zweifachen Wanddicke G des Dichtelements (7) ergibt, und

wobei CM=F-H=Y -X+2*G, wobei sich das CM in der Gleichung auf den Verformungsgrad des Endabschnitts
der Rohrelemente (3, 3a, 3b, 3c) in der H6henrichtung c bezieht, innerhalb eines Bereichs zwischen dem
Maximalwert CMmax und dem Minimalwert CMmin liegt, und sich das CMmin als CMmin = 2*G einstellt, wenn
die Hohen X, Y der Rohrelemente (3, 3a, 3b, 3c) gleich sind, dadurch gekennzeichnet, dass

der Rohrboden (5) ein Ringelement (17) zur lokalen Verringerung des gedffneten seitlichen Querschnitts der
Durchgangsoéffnung (6) zur Aufnahme des Dichtelements (7) und der Rohrelemente (3, 3a, 3b, 3c) in dem
Bereich (16) des Stegs (5-1) aufweist, um die Kompression des Dichtelements (7) in dem Bereich (16) lokal zu
erhéhen.

Das Warmelbertragungssystem (1) nach Anspruch 1,
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wobei die Rohrelemente (3, 3a, 3b, 3c) aus Metall gefertigt sind.

Das Warmelbertragungssystem (1) nach Anspruch 1,
wobei die seitlichen Querschnitte der Rohrelemente (3, 3a, 3b, 3c) innerhalb des zweiten Bereichs (11) in der Ebene
aufgeweitet sind, die senkrecht zu einer vertikalen Richtung a der Rohrelemente (3, 3a, 3b, 3c) ausgerichtet ist.

Das Warmelbertragungssystem (1) nach Anspruch 1,

wobei die stromungsseitigen Querschnitte der Rohrelemente (3, 3a, 3b) durch zwei einander zugewandte Seiten-
flachen begrenzt sind und die Seitenflache jeweils paarweise die Schmalseite beziehungsweise die vertikale Seite
des stromungsseitigen Querschnitts bildet.

Das Warmelbertragungssystem (1) nach Anspruch 4,

wobei die Seitenflichen der nebeneinander angeordneten Rohrelemente (3, 3a) an den in vertikaler Richtung a
verlaufenden Beriihrungskanten senkrecht zueinander ausgerichtet sind und die Beriihrungskanten jeweils einen
rundbearbeiteten Ubergang mit einem Kantenradius R aufweisen.

Das Warmelbertragungssystem (1) nach Anspruch 4,

wobei die an der Vertikalseite des stromungsseitigen Querschnitts der Rohrelemente (3, 3b) angeordneten Seiten-
flachen jeweils Uber die Seitenflache der halbkreisférmig hohlzylinderférmig nach au3en gebogenen Schmalseite
mit dem AuRenradius R miteinander verbunden sind.

Das Warmelbertragungssystem (1) nach Anspruch 2,

wobei die Rohrelemente (3, 3a, 3b) in dem ersten Bereich (10) eine Wandstarke von 0,22 mm, eine erste Hohe X
von etwa 2,5 mm und eine Breite W von etwa 10,8 mm und in dem zweiten Bereich (11) eine zweite Hohe Y von
etwa 4,69 mm und eine Breite von etwa 10,95 mm aufweisen.

Das Warmelbertragungssystem (1) nach Anspruch 2,

wobei die Rohrelemente (3, 3a, 3b) an dem Endabschnitt des Rohres jeweils in dem Bereich eines Scheitels (12)
der vertikalen Seite in einem von vorne beginnenden aufgeweiteten Zustand ausgebildet sind und die Wande der
Rohrelemente (3, 3a, 3b) so verformt sind, dass sie jeweils ein Formteil (14) in Héhenrichtung ¢ nach aul3en auf-
weisen.

Das Warmelbertragungssystem (1) nach Anspruch 8,
wobei die Rohrelemente (3, 3a, 3b) in dem maximal aufgeweiteten Bereich des Formteils (14) in Hohenrichtung ¢
einen Erstreckungsteil Z von etwa 7,6 mm aufweisen.

Das Warmelbertragungssystem (1) nach Anspruch 1,
wobei der Rohrboden (5) als Seitenwandelement eines Kollektors (9) des Systems (1) ausgebildet ist.

Das Warmeilbertragungssystem (1) nach Anspruch 10,

wobei zwei Rohrbdden (5) mit der Durchgangsoéffnung (6) und zwei Dichtungselemente (7) mit der Durchgangsoff-
nung (8) ausgebildet sind, der Rohrboden (5) mit den Rohrelementen (3, 3a, 3b, 3c) jeweils im Fluiddichtungsver-
fahren verbunden ist, die Durchgangsoéffnungen (6, 8) mit der Aulenform der Rohrelemente (3, 3a, 3b, 3c) in der
Form Ubereinstimmen, und die jeweiligen Rohrelemente (3, 3a, 3b, 3c) so angeordnet sind, dass sie einen ersten
Endabschnitt haben, der durch die Durchgangséffnung (6) hindurchgeht, die an einem ersten Rohrboden (5) aus-
gebildet ist, und einen zweiten Endabschnitt, der durch die Durchgangséffnung (6) hindurchgeht, die an einem
zweiten Rohrboden (5) ausgebildet ist.

Das Warmelbertragungssystem (1) nach Anspruch 2,
wobei die Rohrelemente (3, 3a, 3b, 3c) aus einer Aluminiumlegierung hergestellt sind.

Das Warmelbertragungssystem (1) nach Anspruch 1,

wobei die Rohrelemente (3, 3a, 3b, 3¢c) von einer Saule des Systems (1), die nebeneinander und parallel zueinander
ausgerichtet sind und eine breite Seite in Bezug zueinander aufweisen, so angeordnet sind, dass der Stromungsweg
fur das zweite Fluid direkt eines nach dem anderen zwischen den jeweils nebeneinander angeordneten Rohrele-
menten (3, 3a, 3b, 3c) gebildet wird.

Das Warmeibertragungssystem (1) nach Anspruch 13,
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wobei eine Lamellenscheibe (4) oder eine Rippe zur Veranderung des Stromungsquerschnitts und/oder zur Ver-
gréfRerung einer Warmeubertragungsflache innerhalb des Stromungsweges, der innerhalb des ersten Bereiches
(10) durch die nebeneinander angeordneten Rohrelemente (3, 3a, 3b, 3c) gebildet wird, die Lamellenscheibe (4)
einen Verlangerungsteil in Hohenrichtung c aufweist, und der Verlangerungsteil dem Abstand F der nebeneinander
angeordneten Rohrelemente (3, 3a, 3b, 3c) entspricht.

15. Das Warmeubertragungssystem (1) nach Anspruch 14,
wobei die Lamellenscheibe (4) oder die Rippe aus einer Aluminiumlegierung hergestellt ist.

16. Anwendung eines Systems (1) unter Verwendung des Warmeubertragungssystems (1) nach einem der Anspriiche
1 bis 15 als KuhImittel-Luft-Warmetauscher in einem Kiihimittelkreislaufsystem, insbesondere in einem Motorkihl-
mittelkreislaufsystem eines Fahrzeugs.

Revendications
1. Systéme de transfert de chaleur (1),

en tant que systeme (1) pour transférer de chaleur entre un premier fluide et un deuxieme fluide, qui a un
agencement (2) composé d’éléments de tuyau (3, 3a, 3b, 3c) pour passer a travers le premier fluide, un ou
plusieurs fonds de tuyau (5) ayant une ouverture traversante (6), et un ou plusieurs éléments d’étanchéité (7)
ayant une ouverture traversante (8),

dans lequel les éléments de tuyau (3, 3a, 3b, 3c) sont formés d’un tuyau plat ayant une premiére région (10)
ayant une premiéere hauteur X et une profondeur W et une ou plusieurs deuxiémes régions (11) ayant une
surface de support (13) agencée sur une portion d’extrémité des éléments de tuyau (3, 3a, 3b, 3c) et ayant une
deuxiéme hauteur Y, respectivement,

dans lequel I'élément d’étanchéité (7) est agencé entre le bord de I'ouverture traversante (6) du fond de tuyau
(5), et ayant une épaisseur de paroi G, respectivement,

danslequelles éléments de tuyau (3, 3a, 3b, 3c) ayantun cbté large sont alignés dans un état aligné parallélement
les uns auxautres eta unintervalle F les uns par rapport aux autres dans la premiére région (10), respectivement,
dans lequel une bande (5-1) d’une hauteur H est prévue entre les ouvertures traversantes (6) agencées adja-
centes les unes aux autres du fond de tuyau (5), respectivement,

dans lequel, vue dans une direction de hauteur c, une partie d’extension a l'intérieur de la premiére région (10)
des éléments de tuyau (3, 3a, 3b, 3c) apparue a partir d’'une valeur obtenue par addition d’'une premiére hauteur
X des éléments de tuyau (3, 3a, 3b, 3c) a l'intervalle F correspond a une partie d’extension a l'intérieur de la
deuxiéme région (11) des éléments de tuyau (3, 3a, 3b, 3c) apparue a partir d’'une valeur obtenue par addition
d’'une deuxiéme hauteur Y des éléments de tuyau (3, 3a, 3b, 3c) a la hauteur H de la bande (5-1) du fond de
tuyau (5) et deux fois I'épaisseur de la paroi G de I'élément d’étanchéité (7), et

dans lequel CM =F -H =Y - X + 2:G, le CM dans I'équation se référe au degré de déformation de la portion
d’extrémité des éléments de tuyau (3, 3a, 3b, 3c) dans la direction de hauteur c, est placé dans une plage entre
la valeur maximale CM,,,, et la valeur minimale CM,;,, et la CM_,,;, apparait comme CM,,;, = 2:G lorsque les
hauteurs X, Y des éléments de tuyau (3, 3a, 3b, 3c) sont les mémes, caractérisé en ce que

le fond de tuyau (5) comporte un élément annulaire (17) pour réduire localement la section transversale latérale
ouverte de l'ouverture traversante (6) destinée a recevoir I'élément d’étanchéité (7) et les éléments de tuyau
(3, 3a, 3b, 3c) dans la région (16) de la bande (5-1) afin d’augmenter localement la compression de I'élément
d’étanchéité (7) dans la région (16).

2. Systéme de transfert de chaleur (1) selon la revendication 1,
dans lequel les éléments de tuyau (3, 3a, 3b, 3c) sont en métal.

3. Systéme de transfert de chaleur (1) selon la revendication 1,
dans lequel les sections transversales latérales des éléments de tuyau (3, 3a, 3b, 3c) sont expansées dans la
deuxieéme région (11) sur le plan aligné verticalement par rapport a une direction verticale a des éléments de tuyau
(3, 3a, 3b, 3c).

4. Systéme de transfert de chaleur (1) selon la revendication 1,

dans lequel les sections transversales latérales d’écoulement des éléments de tuyau (3, 3a, 3b) sont limitées par
deux surfaces latérales disposées I'une en face de l'autre, respectivement, et |la surface latérale forme le coté étroit
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ou le cbté vertical de la section transversale latérale d’écoulement par paire, respectivement.

Systeme de transfert de chaleur (1) selon la revendication 4,

dans lequel les surfaces latérales des éléments de tuyau (3, 3a) agencées adjacents les uns aux autres sontalignées
verticalement les unes par rapport aux autres au niveau des bords de contact en allant dans la direction verticale
a, et les bords de contact ont une partie de transition traitte de maniére arrondie ayant un rayon de bord R,
respectivement.

Systeme de transfert de chaleur (1) selon la revendication 4,

dans lequel les surfaces latérales agencées sur le c6té vertical de la section transversale latérale d’écoulement des
éléments de tuyau (3, 3b), respectivement, sont reliées I'une a l'autre par la surface latérale du coté étroit fléchie
vers I'extérieur en forme de cylindre creux en demi-cercle et ayant le rayon extérieur R.

Systeme de transfert de chaleur (1) selon la revendication 2,

dans lequel les éléments de tuyau (3, 3a, 3b) ont I'épaisseur de paroi de 0,22 mm, la premiére hauteur X d’environ
2,5 mm, et la largeur W d’environ 10,8 mm dans la premiére région (10), et ont la deuxiéme hauteur Y d’environ
4,69 mm et la largeur d’environ 10,95 mm dans la deuxieme région (11).

Systeme de transfert de chaleur (1) selon la revendication 2,

dans lequel les éléments de tuyau (3, 3a, 3b) sur la portion d’extrémité du tuyau sont formés dans un état expansé
en commengant par 'avantdans la région d’'un sommet (12) du cété vertical, respectivement, etla paroi des éléments
de tuyau (3, 3a, 3b) est déformée pour avoir une partie de moulage (14) vers I'extérieur dans la direction de hauteur
c, respectivement.

Systeme de transfert de chaleur (1) selon la revendication 8,
danslequelles éléments de tuyau (3, 3a, 3b) ont une partie d’extension Zd’environ 7,6 mm dans larégion d’expansion
maximale de la partie de moulage (14) dans la direction de hauteur c.

Systeme de transfert de chaleur (1) selon la revendication 1,
dans lequel le fond de tuyau (5) est formé comme élément de paroi latérale d’'un collecteur (9) du systeme (1).

Systeme de transfert de chaleur (1) selon la revendication 10,

dans lequel deux fonds de tuyaux (5) ayant I'ouverture traversante (6) et deux éléments d’étanchéité (7) ayant
I'ouverture traversante (8) sont formés, le fond de tuyau (5) est relié aux éléments de tuyaux (3, 3a, 3b, 3c) dans
le procédé d’étanchéité de fluide, respectivement, les ouvertures traversantes (6, 8) coincident avec la forme ex-
térieure des éléments de tuyaux (3, 3a, 3b, 3c) dans la forme, respectivement, et les éléments de tuyau (3, 3a, 3b,
3c) respectifs sont agencés de maniére a avoir une premiére portion d’extrémité passant a travers I'ouverture
traversante (6) formée sur un premier fond de tuyau (5) et une deuxieme portion d’extrémité passant a travers
I'ouverture traversante (6) formée sur un deuxiéme fond de tuyau (5), respectivement.

Systeme de transfert de chaleur (1) selon la revendication 2,
dans lequel les éléments de tuyau (3, 3a, 3b, 3c) sont en alliage d’aluminium.

Systeme de transfert de chaleur (1) selon la revendication 1,

dans lequel les éléments de tuyau (3, 3a, 3b, 3c) d’'une colonne du systéme (1) alignés cote a cote et parallelement
les uns aux autres, et pour avoir un cété large les uns par rapport aux autres, sont agencés de sorte que la voie
d’écoulement pour le deuxieme fluide est directement formée une par une entre les éléments de tuyau (3, 3a, 3b,
3c) agenceés adjacents les uns aux autres, respectivement.

Systeme de transfert de chaleur (1) selon la revendication 13,

dans lequel un multidisque (4) ou une nervure pour modifier la section transversale latérale d’écoulement et/ou
expanser une zone de transfert de chaleur au sein de la voie d’écoulement formée a I'intérieur de la premiére région
(10) par les éléments de tuyau (3, 3a, 3b, 3c) agencés adjacents les uns aux autres, le multidisque (4) a une partie
d’extension dans la direction de hauteur c, et la partie d’extension correspond a l'intervalle F des éléments de tuyau
(3, 3a, 3b, 3c) agencés adjacents les uns aux autres.

Systeme de transfert de chaleur (1) selon la revendication 14,
dans lequel le multidisque (4) ou la nervure est en alliage d’aluminium.
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16. Application d’'un systéme (1) utilisant le systéme de transfert de chaleur (1) de 'une quelconque des revendications
1 a 15 en tant qu’échangeur de chaleur liquide de refroidissement-air au sein d’'un systéme de circulation de liquide
de refroidissement, en particulier, au sein d’'un systeme de circulation de liquide de refroidissement de moteur d’'un
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véhicule.
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[FIG. 5B]
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[FIG. 3A]
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[FIG. 4B]
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[FIG. 5B]
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