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File No.: 74516
ASSIGNMENT OF U.S. PATENT APPLICATION

WHEREAS, Dr. Jérg OESTERLE, Angela HETTEL, Dr. Ming DONG, Enver
KURPEJOVIC, AnikaBURKLE residing respectivelyat: Am Bleichberg 61, D-89150 Laichingen,
GERMANY, Otto-Hahn-Weg 29, D-70771 Leinfelden-Echterdingen, GERMANY, Priefnitzweg
7, D-70374 Stuttgart, GERMANY, Adolf-Scheufelen-Str. 15, D-73252 Lenningen, GERMANY,

Boheimste—-01a—D-70199—Stuttgart, GERMANY have invented certain new and useful
improvements in an invention entitted: HEAT EXCHANGER

AND WHEREAS, Eberspiicher Exhaust Technology GmbH & Co. KG with a principal place
of business at: Homburger Str. 95, 66539 Neunkirchen, GERMANY (hereinafter referred to as
Assignee) is desirous of acquiring an interest therein-and-in the Letters Patent to be obtained therefor
from the United States.

NOW THEREFORE, be it known by all whom it may concern, that for and in consideration
of the sum of One Dollar ($1.00) (or the equivalent thereof in foreign currency) and other valuable
consideration to us in hand paid, the receipt of which is hereby acknowledged, we have assigned, sold
and set over and by these presents assign, sell and set over unto said Assignee for the territory of the
United States of America and not elsewhere, the full and exclusive right, title and interest in and to
the said invention, as fully set forth and described in the specification prepared and executed by us
on , filed , Ser. No. , preparatory to obtaining Letters
Patent therefor; said invention, application and Letters Patent to be held and enjoyed by the said
Assignee for its own use and behoof and for the use and behoof of its successors and assigns to the
full end of the term for which said Letters Patent is granted, as fully and entirely as the same would
have been held by us had this Assignment and sale not been made; and we further hereby authorize
Assignee or its attorneys or agents to insert the correct serial number and filing date into this
assignment, if none is indicated on that date of our execution of this assignment.

IN WSS‘ WHEREOF, we have hereunto set our hands this day of
// , 2013,
% 02,40.%0 AU AG JetR

Dr. J6rg OESTERLE Date Date

g Ny A0, 2073 f - /7%* 4040 LM

Dr. Ming DONG (/ Date Enver KURPEJOVIC Date
b 7 Mol
Anika BURKLE » Date

In the presence of:

Witness: Witness:

McGLEW & TUTTLE, P.C., Box 9227 Scarborough Station, Scarborough N.Y.10510-9227U.S.A.
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Docket #74516

HEAT EXCHANGER

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority under 35 U.S.C. § 119 of German
Patent Application DE 10 2012 214 759.4 filed August 20, 2012, the entire contents of which are

incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention pertains to a heat exchanger for an exhaust system of an
internal combustion engine, especially of a motor vehicle, with at least one heating tube for
carrying hot exhaust gas of the internal combustion engine and with at least one cooling tube for
carrying a liquid cooling agent and with at least one thermoelectric generator for generating an
electrical voltage from a temperature difference. The thermoelectric generator is arranged

between the heating tube and the cooling tube and the heating tube, the thermoelectric generator
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and the cooling tube are adjacent to one another and form a stack. A support tube is arranged in

the heating tube and/or in the cooling tube.

BACKGROUND OF THE INVENTION

[0003] A heat exchanger, which comprises a plurality of heating tubes for carrying hot
exhaust gas of the internal combustion engine, a plurality of cooling tubes for carrying a liquid
cooling agent and a plurality of thermoelectric generators for generating an electric voltage from
a temperature difference, wherein the thermoelectric generators are arranged each between such a
heating tube and such a cooling tube, is known from DE 10 2010 022 225 A1. Furthermore, the
heating tubes, thermoelectric generators and cooling tubes are arranged adjacent to each other in

a stacking direction and form a stack.

[0004] A thermoelectric generator can convert a heat flux into an electric current or a
temperature difference into an electric voltage by utilizing the so-called Seebeck effect. The
Seebeck effect is based on an inversion of the Peltier effect. Such thermoelectric generators can
therefore be used to recover heat or to generate electrical energy from heat and can be
correspondingly used, e.g., in exhaust systems of internal combustion engines, preferably in
motor vehicles, to improve the energy efficiency of the internal combustion engine or of the

vehicle.

[0005] To improve the heat transfer between the thermoelectric generators and the

heating and cooling tubes, it is, moreover, common practice to load the stack in the stacking
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direction with a force of pressure. To prevent the heating and cooling tubes from becoming
indented in their cross sections in the process, a support structure, which braces the respective
tube from the inside, is arranged in the heating and cooling tubes in the prior-art heat exchanger.

Such a support structure may also be designed as a tube, i.c., as a support tube.

SUMMARY OF THE INVENTION

[0006] An object of the present invention is to provide an improved embodiment for a
heat exchanger of the type mentioned in the introduction, which is characterized especially by

improved energy efficiency.

[0007] The present invention is based on the general idea of arranging a plurality of such
support tubes in the respective heating or cooling tube, and at least two such support tubes are
geometrically different. It was found that specific flow routing or flow guiding can be achieved
for the exhaust gas in the respective heating tube or for the cooling agent in the respective
cooling tube by means of different geometries, especially different tube lengths and/or different
tube ends and/or different tube cross sections, in conjunction with different positions within the
respective heating or cooling tube. It will then be possible due to a specific flow routing within
the cooling tubes and within the heating tubes especially to homogenize the temperature
distribution within the respective tube at right angles to the direction of flow. A homogeneous
temperature distribution within the cooling and heating tubes also leads to a homogeneous
thermal load on the thermoelectric generators, as a result of which the efficiency of the

thermoelectric conversion within the respective thermoelectric generator can be improved.
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[0008] Since the cooling and heating tubes within such a heat exchanger equipped with
thermoelectric generators usually have comparatively flat cross sections, a temperature gradient
can become established within the respective tube at right angles to the direction of flow,
especially when an inlet cross section and/or an outlet cross section of the respective tube is
significantly smaller than the respective tube cross section in the area of the thermoelectric
generators. This temperature gradient can be reduced by means of the support tubes arranged and
designed for flow routing or flow conduction, as a result of which homogenization of the
temperature within the respective tube at right angles to the direction of flow of the respective

medium can be achieved.

[0009] Corresponding to an advantageous embodiment, the stack may be loaded in the
stacking direction with a force of pressure, which braces the respective heating tube, the
respective thermoelectric generator and the respective cooling tube with one another.
Furthermore, provisions may be made in such an embodiment with a stack subjected to pressure
load for the respective support tube to have a round tube cross section and be elastically
deformed by the force of pressure. In other words, the support tubes used in this embodiment act
as springs in order to push the wall sections located opposite each other in the stacking direction
within the respective cooling or heating tube towards the outside in order to generate an opposing
force to the force of pressure acting on the stack hereby. In particular, the support tubes thus
have, in a relaxed state of the stack, in which the force of pressure is absent, a cross section that

is different from the cross section they have in a braced state, in which the force of pressure acts
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on the stack. As aresult, the support tubes have no rigid support structures, but elastic springs in
order to absorb the force of pressure within the stack. In particular, changes in stress caused by

thermal effects can be compensated hereby.

[0010] In another advantageous embodiment, the support tubes are located at spaced
locations from one another at right angles to their longitudinal direction within the respective
cooling or heating tube. As a result, the individual support tubes are not in contact with one
another. Furthermore, the support tubes touch the respective heating or cooling tube exclusively

radially in relation to their longitudinal direction according to an advantageous embodiment.

[0011] Corresponding to another, especially advantageous embodiment, the support tubes
are open on the end side and are arranged in the respective heating or cooling tube such that the
exhaust gas or the cooling agent can flow past and through them. The support tubes thus have
within the respective cooling or heating tube a routing or guiding function for the exhaust gas
and for the cooling agent not only due to their outer contour, but also due to their inner contour,

because the exhaust gas or the cooling agent can flow through them.

[0012] The support tubes advantageously have a cross section closed in the
circumferential direction, as a result of which especially strong forces of pressure can be
supported. However, it is possible, in principle, to provide at least one of the support tubes with
an open cross section, which may be, for example, C-shaped. The respective support tube now

has a slot, which extends continuously along the entire length of the tube.
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[0013] Furthermore, the support tubes preferably have a radially closed tube wall.
However, an embodiment in which at least one support tube has at least one radial opening,
which passes through the tube wall, so that a tube interior space is fluidically connected with the
interior of the respective heating or cooling tubes, is also possible, in principle. The spring
action of the support tube and the flow routing action thercof can be set by means of these radial

openings, which may be embodied, e.g., as round or slot-like openings or as a perforation.

[0014] According to another advantageous embodiment, at least one such support tube
may have on its outer side at least one flattened circumferential area, which is flatly supported on
the respective wall section of the respective cooling or heating tube. Preferred here is a variant in
which the respective support tube has two diametrically opposite, flattened circumferential areas,
which are flatly supported on the wall sections of the respective cooling or heating tube. The
respective circumferential area may be especially planar. This is the case especially in support
tubes that have a round cross section. Round cross sections are, for example, round or elliptical
or oval cross sections. Flat contacting between the support tubes and the respective heating or
cooling tube is possible due to such flattened areas, as a result of which the surface pressure in
the wall of the respective tube can be reduced. Furthermore, such a flat contacting makes
possible an improved heat transfer between the support tubes and the respective heating or
cooling tube. This is especially advantageous if the exhaust gas or cooling agent also flows

through the support tubes.
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[0015] According to another advantageous embodiment, the respective cooling or heating
tube may have at its longitudinal ends an inlet area and an outlet area, which extend in the
transverse direction of the tube, which extends at right angles to the longitudinal direction of the
tube and at right angles to the stacking direction. An inlet pipe connection can then be connected
to this inlet area. An outlet pipe connection may be connected to this outlet area in the transverse
direction of the tube in the opposite direction from or in the same direction as the inlet pipe
connection. The exhaust gas or cooling agent is fed and removed due to this mode of
construction at right angles to the longitudinal direction of the respective tube and hence at right
angles to the principal direction of flow within the respective tube. As a result, the respective
stack has a comparatively compact design in the longitudinal direction. At the same time, the
arrangement and geometry of the support tubes can be used in such a mode of construction to
deflect the incoming flow as well as the outgoing flow specifically such that the desired, most
homogeneous temperature distribution possible can become established within the respective

tube.

[0016] Corresponding to an advantageous variant, the support tubes may dip to different
depths in their longitudinal direction into the inlet area and into the outlet area. The desired
deflection can be achieved due to this measure at the inlet area and at the outlet area in an

especially simple manner.

[0017] At least one support tube may have at least one beveled tube end in another

advantageous variant, wherein the respective tube end is beveled such that a tube opening, which

PATENT
REEL: 035995 FRAME: 0867



10

15

is located at the respective tube end, faces the inlet pipe connection or the outlet pipe connection.
For example, a tube opening facing the inlet pipe connection at the inlet-side tube end can
support a flow deflection from the inlet area into the respective support tube. Analogously
hereto, a tube opening facing the outlet pipe connection at the outlet-side tube end can support a

deflection of the flow leaving the respective support tube in the outlet area.

[0018] In another advantageous embodiment, the respective heating or cooling tube may
be manufactured according to the semimonocoque construction, so that it has two half shells, for
example, an upper shell and a lower shell. The support tubes are advantageously fastened to one
of the two half shells only. This leads to an especially simple manufacturing process for the heat

exchanger.

[0019] The semimonocoque construction may, in particular, also be designed such that
each half shell comprises half of an inlet pipe connection and half of an outlet pipe connection,

so that the pipe connections are completed at the time of assembly of the half shells only.

[0020] In an alternative embodiment, the respective heating or cooling tube may be
embodied as a segmented construction, in which an end piece comprising the inlet pipe
connection and an end piece comprising the outlet pipe connection are attached on the front side

to a tubular or jacket-shaped middle piece containing the support tubes.

[0021] Provisions may be made according to another advantageous embodiment for the
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support tubes to extend within the respective cooling or heating tube in a straight line and in
parallel to a longitudinal direction of the respective cooling or heating tube. This leads to an
embodiment that can be manufactured in an especially simple manner. As an alternative, an
embodiment 1s also conceivable in which at least one of the support tubes does not extend in a
straight line and/or does not extend in parallel to the longitudinal direction of the cooling or

heating tube. For example, such a support tube may extend in a serpentine or zigzag pattern.

[0022] The support tubes advantageously have, each in itself, a cross section that is
constant in the longitudinal direction of the respective tube. However, an embodiment in which
at least one support tube has a tube cross section varying in the longitudinal direction of the tube
is also conceivable, in principle. Such a support tube may have, for example, round end cross
sections, which pass continuously over into an elliptical or oval middle cross section. In
particular, the supporting forces, preferably the spring forces, can be varied in the longitudinal
direction of the respective heating or cooling tube by means of support tubes, whose cross-
sectional geometry varies in the longitudinal direction of the tube, for example, in order to adapt

these to the respective deformation characteristics of the respective tube.

[0023] It is apparent that the above-mentioned features, which will also be explained

below, can be used not only in the particular combination indicated, but also in other

combinations or alone without going beyond the scope of the present invention.

[0024] Preferred embodiments of the present invention are shown in the drawings and
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will be explained in more detail in the following description, in which identical reference
numbers designate identical or similar or functionally identical components. The various
features of novelty which characterize the invention are pointed out with particularity in the
claims annexed to and forming a part of this disclosure. For a better understanding of the
invention, its operating advantages and specific objects attained by its uses, reference is made to
the accompanying drawings and descriptive matter in which preferred embodiments of the

invention are illustrated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] In the drawings:

[0026] Figure 1 is a highly simplified, diagram-like schematic view of an internal

combustion engine, whose exhaust system contains a heat exchanger;

[0027] Figure 2 is a highly simplified longitudinal section of the heat exchanger with

heating and cooling tubes shown in a simplified form;

[0028] Figure 3 is a side view of such a heating or cooling tube with thermoelectric

generators arranged thereon;

[0029] Figure 4 is an isometric view of the heating or cooling tube with thermoelectric

generators shown in the transparent form and with wall shown in the transparent form;

10
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[0030]

[0031]

[0032]

[0033]

[0034]

[0035]

[0036]

embodiment.

[0037]

Figure 5 is a cross section of the tube in an isometric view;

Figure 6 is a longitudinal section of the tube in a top view;

Figure 7 is a longitudinal section of the tube in an isometric view;

Figure 8 is a simplified cross section of the tube an unbraced state;

Figure 9 is the cross section of the tube from Figure 8 in a braced state;

Figure 10 is a cross section of the tube in another embodiment; and

Figure 11 is a longitudinal section of the tube in a top view in another

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings in particular, corresponding to Figure 1, an internal

combustion engine 1, which may preferably be used in a motor vehicle, comprises an engine

block 2, which contains a plurality of combustion chambers 3, a fresh air feed means 4 for

supplying the combustion chambers 3 with fresh air and an exhaust system 5 for removing

exhaust gas from the combustion chambers 3. Furthermore, the internal combustion engine 1 is

11
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equipped with a cooling circuit 6, by means of which the engine block 2 can be cooled. It is clear
that a cooler, not shown here, may be additionally provided in the cooling circuit 6, possibly in
conjunction with a blower, in order to make it possible to correspondingly cool the cooling agent
being carried in the cooling circuit 6. The cooling circuit 6 used to cool the engine block 2 may
also be called engine cooling circuit or primary cooling circuit. In addition to this primary
cooling circuit 6, it is optionally possible to provide a separate cooling circuit, not shown here,
which may also be called secondary cooling circuit and which may have especially a cooler of its
own, optionally a blower of its own, and a separate cooling agent. The secondary cooling circuit
may be operated especially at a temperature level different from that of the primary cooling

circuit 6.

[0038] The internal combustion engine 1 is equipped, besides, with a heat exchanger 7,
whose housing 8 has a cooling agent inlet 9, a cooling agent outlet 10, a heating medium inlet 11
and a heating medium outlet 12. Heat exchanger 7 is fluidically integrated into the exhaust
system 5 or into an exhaust gas line 15 of the exhaust system 5 via its heating medium inlet 11
and its heating medium outlet 12, with the exhaust gas acting in the heat exchanger 7 as a heating
medium or heating fluid. Furthermore, the heat exchanger 7 is integrated via its cooling agent
inlet 9 and its cooling agent outlet 10 into the cooling circuit 6, whose cooling agent is also used
as cooling agent or cooling fluid in the heat exchanger 7. The heat exchanger 7 is thus integrated
into the primary cooling circuit 6 in the example being shown. The heat exchanger 7 may also be

integrated into the above-mentioned secondary cooling circuit in an alternative embodiment.

12
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[0039] Heat exchanger 7 contains, besides, at least one thermoelectric generator 13,
which is coupled in the interior of the heat exchanger 7 with the heating fluid and with the
cooling fluid in a heat-transferring manner. In addition, electrical terminals 14, which are
correspondingly connected electrically to the respective thermoelectric generator 13, are formed

on housing 8.

[0040] Corresponding to Figure 2, heat exchanger 7 comprises a plurality of heating
tubes 16 for carrying the heating fluid, 1.e., the exhaust gas; a plurality of cooling tubes 17 for
carrying the cooling fluid, i.e., the cooling agent; and a plurality of thermoelectric generators 13,
which are arranged each between a heating tube 16 and a cooling tube 17 in a stacking direction
18. The respective thermoelectric generator 13 has a hot side 19 and a cold side 20, which face
away from each other in the stacking direction 18. The arrangement of the thermoelectric
generators 13 and of the heating tubes 16 as well as of the cooling tubes 17 forms a stack 21, in
which the respective hot side 19 faces a heating tube 16 and in which the respective cold side 20
faces a cooling tube 17. In addition, a heat conduction layer 22 each, which is preferably a
graphite film, which may hereinafter likewise be designated by 22, is arranged in the stacking
direction 18 between the respective thermoelectric generator 13 and the respective tube 16, 17, in

the example shown in Figure 2.

[0041] Only a single thermoelectric generator 13 each can be recognized in an
intermediate space not shown in detail in the view in Figure 2, which is located between two

adjacent tubes 16, 17 in the stacking direction 18. It is clear that a plurality of such

13
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thermoelectric generators 13 may also be arranged one after another in the respective
intermediate space in a longitudinal direction 23 of the stack 21, indicated, e.g., by a double
arrow in Figure 3, which direction is at right angles to the drawing plane in Figure 2. Figures 3
and 4 correspondingly show embodiments in which, purely as an example and without limitation
of the general nature, only three such thermoelectric generators 13 each are arranged one after

another in the longitudinal direction 23 of the stack.

[0042] Corresponding to Figure 2, stack 21 is braced in the stacking direction 18
corresponding to arrows 24, as a result of which the tubes 16, 17 are supported on the respective
thermoelectric generator 13 in a prestressed manner via the graphite film 22 in the stacking
direction 18. The prestressing force (compressive force) 24 is generated in the example shown in
Figure 2 by means of a prestressing means 25, which may be arranged in the housing 8 of the
heat exchanger 7 or may be formed, as in the example being shown, by the housing 8 of the heat
exchanger 7 itself. The prestressing means 25 comprises especially two end plates or end panels
26, which are arranged on both sides of the stack 21 in the stacking direction 18 and receive the
stack 21 between them in the stacking direction 18. The end plates 26 may be contact each with
the outermost tube 16 or 17 of the stack 21. Furthermore, the end plates 26 may be braced with
one another by means of tension rods, not shown here, as a result of which the prestressing force
24 oriented in the stacking direction 18 is generated and transmitted to the stack 21. The
prestressing force 24 is oriented to generate a force of pressure, which may likewise be

designated hereinafter by 24.

14
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[0043] To prevent the bracing of the stack 21 from leading to an indentation of the
heating tubes 16 and of the cooling tubes 17, a support structure, which is not, however, shown
in Figures 2 and 3, may be arranged in an interior space 27 of the respective tube 16, 17. This
support structure 1s formed according to Figures 4 through 11 by a plurality of support tubes 28
and 28a, 28b and 28c. The respective tube 16, 17, which is consequently such a heating tube 16
or such a cooling tube 17, contains, purely as an example and without limitation of the general
nature, exactly three such support tubes 28. Each support tube 28 is supported in the stacking
direction 18 on wall sections 29 of the respective tube 16, 17, which said wall sections face each

other. As can be recognized, the three support tubes 28 have different geometries.

[0044] The three support tubes 28 have different tube lengths in Figure 4. Furthermore,
one support tube 28a differs from the other support tubes 28b and 28b by beveled tube ends 30.
The support tubes 28 differ, besides, due to different tube cross sections in the embodiments
shown in Figures 5 through 7, 10 and 11. For example, one support tube 28¢ has a round tube
cross section, while the other two support tubes 28a and 28b have each an elliptical tube cross
section. Support tube 28a is supported in its elliptical cross section on the wall sections 29 over
its long axis, whereas support tube 28b is supported in its elliptical cross section on the wall

sections 29 over the short axis.

[0045] The support tubes 28 are located at spaced locations from each other within the
respective tube 16, 17 at right angles to their longitudinal direction 31 indicated by a double

arrow, which extends in parallel to the longitudinal direction 23 of the stack, so that they

15
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mutually do not touch each other. Furthermore, the support tubes 28 are provided each with a
cross section closed in the circumferential direction. In addition, the support tubes 28 are open at
their ends. Each support tube 28 correspondingly has at its tube end 30 a tube opening 32. The
support tubes 28 are arranged especially advantageously within the respective tube 16, 17 such
that the exhaust gas and the cooling agent can flow past and through them. Possible flow paths

are indicated, purely as examples, by arrows in Figure 6 and are designated by 33.

[0046] The support tubes 28 have each two diametrically opposite, flattened
circumferential areas 34 in the embodiment being shown in Figure 4. The support tubes 28 can
be supported in the braced state of the stack 21 and of the respective tube 16, 17 flatly on the wall

sections 29 of the respective tube 16, 17 with these flattened circumferential areas 34.

[0047] In the embodiments shown in Figures 3 through 7 and 11, the respective tube 16,
17 has an inlet area 36 and an outlet area 37 at its longitudinal ends 35. The inlet area 36 and the
outlet area 37 are located opposite each other in relation to the longitudinal direction 31 of the
tube and extend each in a transverse direction 38 of the tube, which extends at right angles to the
longitudinal direction 31 and at right angles to the stacking direction 18. An inlet pipe
connection 39 is connected to the inlet area 36 in the transverse direction 38 of the tube. An
outlet pipe connection 40 is likewise connected to the outlet area 37 in the transverse direction 38
of the tube. The inlet pipe connection 39 and the outlet pipe connection 40 are oriented in the
same direction in the example, so that they are located on the same side of the respective tube 16,

17. As can be determined, especially from Figures 4, 6, 7 and 11, the support tubes 28 dip to

16
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different depths into the inlet area 36 and into the outlet area 37 in their longitudinal direction.
One support tube 28a has beveled tube ends 30, such that one tube opening 32 faces the inlet
pipe connection 39 and the other tube opening 32 faces the outlet pipe connection 40. Contrary
to this, the pipe openings 32 of the other support tubes 28b and 28c¢ are oriented in the

longitudinal direction of the tube 31, i.¢., axially.

[0048] In the embodiments shown in Figures 4 through 7, the support tubes 28 extend
within the respective tube 16, 17 in a straight line and, besides, in parallel to the longitudinal
direction 23 of the stack, which coincides with a longitudinal direction 41 of the respective tube

16, 17.

[0049] As can be determined especially from Figures 8 and 9, the respective tube 16, 17
may be manufactured, for example, in the semimonocoque construction, so that the respective
tube 16, 17 has two half shells 42, 43. According to the view selected in Figures 8 and 9, the two
half shells 42, 43 may also be called upper shell 42 and lower shell 43. The two half shells 42,
43 are permanently connected to one another at the edge. A corresponding connection area 1s
designated by 44 in Figures 8 and 9. The connection area 44 may be manufactured, for example,
by means of a welded connection or by means of a beaded connection. The half shells 42, 43
may be advantageously manufactured according to Figures 6 and 7 such that they have half of an
inlet pipe connection 39 and half of an outlet pipe connection 40 each, so that the respective pipe
connection 39, 40 is completed during the assembly of the two half shells 42, 43 to form the

respective tube 16, 17.

17
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[0050] A segmented mode of construction, which comprises, for example, two end pieces
and a middle piece, is also conceivable as an alternative. One end piece each may be formed, on
the one hand, by the outlet area 37 and the inlet pipe connection 39, and, on the other hand, by
the outlet area 37 and the outlet pipe connection 40. The middle piece, to which the two end
pieces are attached axially on the front side, defines a tubular body or jacket body, in which the

support tubes 28 are arranged.

[0051] The tubes 16, 17 are designed, on the whole, as flat tubes, so that they have a flat
cross section through which flow is possible. The respective cross section of the respective tube
16, 17, through which flow is possible, is consequently larger in the transverse direction of the

tube than in the stacking direction 18.

[0052] Figure 8 shows a relaxed state, which is present in the absence of force of pressure
24. As can be recognized, a wall 45 of the respective tube 16, 17 is arched outwardly. The
support tubes 28 have an elliptical cross section each in the example shown in Figure 8, and the
longer axis of this cross section is oriented in the stacking direction 18. The support tubes 28 are
fastened in the example according to Figures 8 and 9 at one of the two half shells 42, 43 only,
here to the lower shell 43, for example, by means of a welded connection 46. The three support
tubes 28 shown are fastened each to the same half shell 42, 43, namely, to the lower shell 43, in
the example according to Figures 8 and 9. An embodiment in which different support tubes 28

are fastened to different half shells 42, 43 is also conceivable.
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[0053] Furthermore, the support tubes 28 are dimensioned as an example in Figure 8 such

that they are also in contact with the opposite half shell 42 in the relaxed state.

[0054] The wall sections 29, which are located mutually opposite each other in the
stacking direction 18, are each preferably planar and are located each in a plane extending at right
angles to the stacking direction 18 in the braced state according to Figure 9, which develops due
to the force of pressure 24 being applied. The support tubes 28 are elastically deformed by the
force of pressure 24 in this state. For example, the long axes of the elliptical cross sections may
be shortened, while the short axes of the elliptical cross sections may be made longer at the same
time. The cross sections of the support tubes 28 are essentially round in the prestressed state
according to Figure 9. Since the support tubes 28 and also the respective tube 16, 17 are
elastically deformed by the force of pressure 24, they can again return into the relaxed state

according to Figure 8 in the absence of the force of pressure 24.

[0055] The support tubes 28 are manufactured, for example, from a stainless steel. The
respective heating tube 16 is likewise manufactured, for example, from a steel material. The

respective cooling tube 17 1s manufactured, for example, from a light alloy material.

[0056] Figure 10 shows, purely as an example, another embodiment of such a cooling or
heating tube 16, 17, which contains four support tubes 28 and 28a, 28b, 28c and 28d. The

cooling or heating tube 16, 17 contains four other support tubes 28 or 28e, 28f, 28g and 28h in
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the embodiment shown in Figure 11. Figure 10 shows a variant in which the individual support
tubes 28 have different diameters. Support tube 28a has a round cross section; support tube 28b
has an elliptical cross section with horizontal long axis. Support tube 28c has, by contrast, an
elliptical cross section with vertical long axis, and provisions may additionally also be made here
for the support tube 28c to be dimensioned so small in terms of its cross section that it comes
into contact with the two opposite wall sections 29 only when the force of pressure 24 is applied,
which is not the case in the state shown in Figure 10. If at least one support tube 28, which
touches both wall sections 29 prior to the application of the force of pressure 24, is present in the
respective cooling or heating tube 16, 17, and at least one support tube 28 is present at the same
time, which touches the two wall sections 28 only when the force of pressure 24 is applied, a
special distribution of the force of pressure can be brought about in a specific manner. The
distribution of the force of pressure within the cooling or heating tube 16, 17 can also be
influenced in a specific manner by the simultaneous use of a support tube 28 with round cross

section and of a support tube 28 with elliptical cross section.

[0057] In addition, Figure 11 shows a support tube 28 in the form of the support tube 28d
that has a comparatively complex cross section, which is embodied here in the example in a
figure-eight pattern. The spring action of the respective support tube 28 can be set in a specific

manner by selecting the geometry of the cross section, especially by selecting the radii used.

[0058] According to Figure 11, support tubes 28 that do not extend in parallel and in a

straight line may also be arranged in the cooling or heating tube 16, 17. For example, support
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tube 28e may extend in a serpentine pattern in the longitudinal direction 31 and 41 of the
respective tube. Both the supporting action and the flow routing effect can be influenced hereby

in a specific manner.

[0059] According to Figure 11, at least one support tube 28f may also have a lateral or
radial opening 47 between its tube ends 30. Four slot-like openings 47 are indicated in the
example. Such openings 47 may also be embodied with different opening cross sections or in the
form of a perforation. The spring property of the respective support tube 28 and the flow routing
effect of the respective support tube can be varied in a specific manner by means of such

openings 47.

[0060] According to Figure 11, at least one of the support tubes 28 may also have a cross
section varying over its longitudinal direction 31. For example, the cross section increases with
increasing distance from one tube end 30 approximately up to the middle and then decreases
again up to the other tube end 30 in the support tube 28g. At the same time, the shape may
change as well, for example, from a round shape at one tube end 30 over an elliptical shape in the
middle of the tube and again to a round shape at the other tube end 30. This measure can also be

used to influence the supporting function and the flow routing function in a specific manner.

[0061] Finally, Figure 11 shows in a variant in the form of the support tube 28h in which
at least one tube end 28 has a slot 48 over its entire length, i.e., it has an interruption in the

cross-sectional profile. As a result, the support tube 28 has an open, essentially C-shaped cross
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section. This measure can also be used to influence the supporting function and the flow routing

function in a specific manner.

[0062] Flow guiding and flow routing can be brought about for the exhaust gas and for
the cooling agent within the respective flat heating tube 16 and cooling tube 17, which leads to a
homogenization of the temperature distribution in the transverse direction 38 of the tube, thanks
to the use of a plurality of support tubes 28 as proposed according to the present invention, which

differ from each other by different geometries.

[0063] While specific embodiments of the invention have been shown and described in
detail to illustrate the application of the principles of the invention, it will be understood that the

invention may be embodied otherwise without departing from such principles.
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WHAT IS CLAIMED IS:

1. A heat exchanger for an exhaust system of an internal combustion engine, the heat
exchanger comprising:

a heating tube for carrying hot exhaust gas of the internal combustion engine;

a cooling tube for carrying a liquid cooling agent;

a thermoelectric generator for generating an electrical voltage from a temperature
difference, the thermoelectric generator being arranged between the heating tube and the cooling
tube, the heating tube, the thermoelectric generator and the cooling tube being adjacent to one
another and forming a stack in a stacking direction; and

support tubes supported in the stacking direction on wall sections of at least one of the
heating tube and the cooling tube, the wall sections mutually facing each other, each support tube
being arranged in the at least one of the heating tube and the cooling tube wherein the support
tubes differ from each other by at least one of a tube length, a tube end and a tube cross section
and are arranged next to each other in the at least one of the heating tube and the cooling tube, at
a right angle to a longitudinal direction of the at least one of the heating tube and the cooling

tube.

2. A heat exchanger in accordance with claim 1, wherein:

the stack is force loaded in the stacking direction to brace the heating tube, the
thermoelectric generator and the cooling tube with one another; and

the support tube has a round tubular cross section and is elastically deformed by the

pressure of the loading force.
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3. A heat exchanger in accordance with claim 1, wherein the support tubes are located
at spaced locations from one another within the at least one of the heating tube and the cooling

tube.

4. A heat exchanger in accordance with claim 1, wherein the support tubes are open on
an end side and are arranged in the at least one of the heating tube and the cooling tube such that

the exhaust gas or the cooling agent can flow past and through the support tubes.

5. A heat exchanger in accordance with claim 1, wherein at least one of the support tubes
has an outer side with a flattened circumferential area that is flatly supported on a respective wall

section of the at least one of the heating tube and the cooling tube.

6. A heat exchanger in accordance with claim 1, further comprising:

an inlet pipe connection; and

an outlet pipe connection, wherein:

the at least one of the heating tube and the cooling tube has an inlet area and an outlet
area at longitudinal ends thereof;

the inlet area and the outlet area extend in a transverse direction of the at least one of the
heating tube and the cooling tube, which extends at a right angle to the longitudinal direction of
the tube and at a right angle to the stacking direction;

the inlet pipe connection is connected to the inlet area in the transverse direction of the

tube; and
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the outlet pipe connection is connected to the outlet area in the transverse direction of the

tube.

7. A heat exchanger in accordance with claim 6, wherein the support tubes dip to
different depths into the inlet area and/or into the outlet area in a longitudinal direction of the

support tubes.

8. A heat exchanger in accordance with claim 6, wherein at least one of the support tubes
has at least one beveled tube end, whereby a tube opening at the respective tube end faces the

inlet pipe connection or the outlet pipe connection.

9. A heat exchanger in accordance with claim 1, wherein the at least one of the heating
tube and the cooling tube is manufactured with two half shells according to a semimonocoque

construction, wherein the support tubes are fastened only to one of the two half shells.

10. A heat exchanger in accordance with claim 1, wherein the support tubes extend
within the at least one of the heating tube and the cooling tube in a straight line and in parallel to

a longitudinal direction of the at least one of the heating tube and the cooling tube.

11. A motor vehicle internal combustion engine heat exchanger comprising:
a heating tube with wall sections mutually facing each other, the heating tube construction

carrying hot fluid heated by the internal combustion engine;
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a cooling tube with wall sections mutually facing each other, cooling tube construction
carrying a fluid cooling agent;

a thermoelectric generator generating an electrical voltage from a temperature difference
between the heating tube and the cooling tube, the thermoelectric generator being arranged
between the heating tube and the cooling tube, the heating tube, the thermoelectric generator and
the cooling tube being adjacent to one another and forming a stack in a stacking direction; and

support tubes arranged adjacent to each other and extending at a right angle to a
longitudinal direction within one of the heating tube and the cooling tube, the support tube being
supported in the stacking direction on one of the wall sections, wherein the support tubes differ
from each other by at least one of a tube length, a tube end configuration and a tube cross

sectional shape and are.

12. A heat exchanger in accordance with claim 11, wherein:

the stack has a compression force applied in the stacking direction to force contact of the
heating tube, the thermoelectric generator and the cooling tube with one another; and

the support tube has a round tubular cross section and is elastically deformed by the

pressure of the loading force.

13. A heat exchanger in accordance with claim 11, wherein the support tubes are located

at spaced locations from one another.

14. A heat exchanger in accordance with claim 11, wherein the support tubes are open on
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an end side and are arranged such that the hot fluid or the cooling agent can flow past and

through the support tubes.

15. A heat exchanger in accordance with claim 11, wherein at least one of the support
tubes has an outer side with a flattened circumferential area that is flatly supported on a

respective wall section.

16. A heat exchanger in accordance with claim 11, wherein at least one of the heating
tube and the cooling tube further comprises:

an inlet pipe connection; and

an outlet pipe connection, wherein:

the at least one of the heating tube and the cooling tube has an inlet area and an outlet
area at longitudinal ends thereof;

the inlet area and the outlet area extend in a transverse direction of the at least one of the
heating tube and the cooling tube, which extends at a right angle to the longitudinal direction of
the tube and at a right angle to the stacking direction;

the inlet pipe connection is connected to the inlet area in the transverse direction of the
tube; and

the outlet pipe connection is connected to the outlet area in the transverse direction of the

tube.

17. A heat exchanger in accordance with claim 16, wherein the support tubes extend to
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different depths into the inlet area and/or into the outlet area in a longitudinal direction of the

support tubes.

18. A heat exchanger in accordance with claim 16, wherein at least one of the support
tubes has at least one beveled tube end, whereby a tube opening at the respective tube end faces

the inlet pipe connection or the outlet pipe connection.

19. A heat exchanger in accordance with claim 11, wherein the at least one of the heating
tube and the cooling tube is manufactured with two half shells according to a semimonocoque

construction, wherein the support tubes are fastened only to one of the two half shells.

20. A heat exchanger in accordance with claim 11, wherein the support tubes extend
within the at least one of the heating tube and the cooling tube in a straight line and in parallel to

a longitudinal direction of the at least one of the heating tube and the cooling tube.
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ABSTRACT OF THE DISCLOSURE

A heat exchanger (7) for an exhaust system (5) of an internal combustion engine (1),
includes a heating tube (16) for carrying hot exhaust gas and a cooling tube (17) for carrying a
liquid cooling agent. A thermoelectric generator (13) generates an electric voltage from a
temperature difference and is arranged with the adjacent tubes in a stacking direction (18) to
form a stack (21). A support tube (28) is supported in the stacking direction on wall sections
(29) of the respective tube (16, 17), which wall sections mutually face each other, and is arranged
in the respective heating tube (16) and/or cooling tube (17). Increased energy efficiency is
achieved if at least two support tubes (28), which differ from one another by tube length and/or
tube end (30) and/or by tube cross sections, are arranged in the respective tube (16, 17) at right

angles to a longitudinal direction (31).
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