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Docket No.:

DECLARATION FOR PATENT APPLICATION AND ASSIGNMENT

Title of the Invention: THERMOELECTRIC GENERATOR FOR EXHAUST SYSTEMS
AND CONTACT MEMBER FOR A THERMOELECTRIC GENERATOR
As a below named inventor, | hereby declare that:

This declaration is directed to:
x The attached application, or
[ United States application or PCT international application number

The abave-identified application was made or authorized fo be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the
application.

WHEREAS, Eberspicher Exhaust Technelogy GmbH & Co. KG

{(hereinafter referred to as Assignee) having a place of business at: Homburger Strafie 35, 66539
Neunkirchen, GERMANY

is desirous of acquiring the entire right, title and interest to said invention 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, the receipt of which is hereby acknowledged, | have assigned, sold and set over
and by these presents do assign, sell and set over unto the 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, 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 me had this Assignment and sale not been made.

| hereby acknowledge that any willful false statement made in this declaration is punishable
under 18 U.8.C. 1001 by fine or imprisonment of not mare than (5) years, or both.

LEGAL NAME OF INVENTCR
INVENTOR: Gerd GAISER ...
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nventor's signatirg

MCcGLEW & TUTTLE, P.C., Box 9227 Scarborough Station, Scarborough N.Y.10510-8227 U.S A
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Dacket No.;

DECLARATION FOR PATENT APPLICATION AND ASSIGNMENT

Title of the invention: THERMOELECTRIC GENERATOR FOR EXHAUST SYSTEMS
AND CONTACT MEMBER FOR A THERMOELECTRIC GENERATOR
As a below named inventor, | hereby declare that:

This declaration is directed {o:
x The attached application, or
(1 United States application or PCT international application number

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the
application.

WHEREAS, Eberspiicher Exhaust Technology GmbH & Co. KG

(hereinafter referred to as Assignee) having a place of business at: Homburger Strafie 95, 66539
Neunkirchen, GERMANY

is desirous of acquiring the entire right, title and interest fo said invention and in the Letters Patent
to be obtained tharefor from the United States;

NOW THEREFORE, be it known by ail 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, the receipt of which is hereby acknowledged, | have assigned, sold and set over
and by these presents do assign, sell and set over unto the 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, said invention, application and Letters Patent fo 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 me had this Assignment and sale not been made.

| hereby acknowledge that any willful false statement made in this declaration is punishable
under 18 U.S.C. 1001 by fine or imprisonment of not more than (5) years, or both.

LEGAL NAME OF INVENTOR
INVENTOR: Fabian FROBENIUS

inventor's signature

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

DECLARATION FOR PATENT APPLICATION AND ASSIGNMENT

Title of the Invention: THERMOELECTRIC GENERATOR FOR EXHAUST SYSTEMS
AND CONTACT MEMBER FOR A THERMOELECTRIC GENERATOR
As a below named invenior, | hereby declare that:

This declaration’is direcled to:
x The altachsd application, or
0 United States application or PCT international application number

The above-identified appiication was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the
application.

WHEREAS, Eberspiicher Exhaast Techuology GmbH & Co. KG

{hereinafier refarred 10 a8 Assignee) having a place of business al: Hemburger Strafle 93, 66539
Neunkirchen, GERMANY

is desirous of acquiring the entire right, title and interest to said invention and in the Letters Patent
{o be obtainad 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, the receipt of which is hereby acknowledged, | have assigned, sold and set over
and by these presents do assign, sell and sat over unfo the said Assignee for the ferritory of the
United States of America and not slsewhere, the full and exclusive right, litle and interest in-and
to the said invention, 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 Letiers Patent is granted, as fully and entirely as
the same would have been held by me had this Assignment and sale not been made.

| hereby acknowledge that any williul false statement made in this declaration is punishable
under 18 U.8.C. 1001 by fine or imprisonment of not more than (8) years, or both,

LEGAL NAME OF INVENTOR
INVENTOR: Matthiss HENSE
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Docket #75941

THERMOELECTRIC GENERATOR FOR EXHAUST SYSTEMS
AND CONTACT MEMBER FOR A THERMOELECTRIC
GENERATOR

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority under 35 U.S.C. §119 of German
Application DE 10 2016 110 625.9, filed June 9, 2016, the entire contents of which are

incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a thermoelectric generator configured for
converting thermal energy contained in a warm fluid (for example, in the exhaust gas of a vehicle
driven by an internal combustion engine) at least partly into electric energy. In this way, the
overall efficiency of systems, were the thermal energy contained in the warm fluid represents

loss, is improved. For a vehicle, this results in a reduction of fuel consumption and emissions

1
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per kilometer. The present invention relates further to a contact member for such thermoelectric

generator.

BACKGROUND OF THE INVENTION

[0003] A thermoelectric generator (TEG) converts heat (more precisely a heat flow
passing through the thermoelectric generator) directly into electrical energy. In this respect, a
thermoelectric generator is made from a plurality of thermocouple elements (often also called
"thermoelectric modules") (TEM) mounted between a cold side and a warm side of the
thermoelectric generator and electrically connected in series and/or in parallel. The
thermocouple elements effect the actual conversion of the thermal energy into electric energy.
The conversion can be based on different effects (e.g., the Seebeck effect or the Thomson effect).
For providing a thermal conductivity between the cold and the warm sides and the thermocouple
elements, the thermoelectric generator often comprises one or more contact members made from
a material with high thermal conductivity. Such contact members serve, in particular, to even out
asperities and to thereby enable thermal conduction at the entire surface of the thermocouple

clements.

[0004] The range of the operation temperature within which known thermocouple
elements have a reasonable efficiency is relatively narrow. Within the operation temperature
range, the efficiency of the thermocouple elements is defined by the temperature difference
between the cold side and the warm side. The efficiency has inter alia an impact on the (electric)

voltage provided by a thermocouple element. Common thermocouple elements are basically
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comprised of Bi,Te,, PbTe, SiGe, BiSb or FeSi,.

[0005] When using a thermoelectric generator, it is of importance to integrate the
sensitive (in particular sensitive to pressure) thermocouple elements into the fluid flow (e.g.
exhaust tract of a vehicle driven by an internal combustion engine) such that the maximum
usable temperature difference is applied to surfaces of the thermocouple elements, while the back
pressure for the fluid may not be increased or only slightly increased, because increase in the
back pressure also results in an increase of the energy required for the transport of the fluid (and
thus also of the fuel consumption of a vehicle driven by an internal combustion engine). Finally,
it is desirable to operate the thermocouple elements, if possible, in an operation temperature
range where they exhibit a reasonable efficiency. When used in vehicles, these problems are also

difficult to solve due to the confined spaces in or below the vehicles.

[0006] A use of thermoelectric generators in exhaust systems of vehicles driven by an
internal combustion engine is known from the prior art. For examples, it is referred to EP 1 475

532 A2, JP H07-012009 A, and WO 2009/138158 Al.

[0007] From WO 2009/138158 Al it is known to cool the thermoelectric generators
employed by coupling their cold side to a coolant circuit. Further, it is known from WO
2009/138158 A1 to increase the thermal absorption from the hot exhaust gas at the warm side of
the employed thermoelectric generators using fins. The density of the fins or the type of fins

employed should thereby vary along the direction of flow of an exhaust gas stream for achieving
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a lower thermal conductivity for thermocouple elements at an upstream region of the hot exhaust

gas stream than for thermocouple elements at a downstream region of the hot exhaust gas stream.

[0008] A disadvantage of prior art systems is that often a number of thermoelectric
generators configured for different operation temperature ranges are used in combination with
bypasses for the warm fluid in order to allow a use of a broad temperature range of the warm
fluid, when the temperature of the warm fluid varies. Bypasses, however, require a lot of space

and are expensive, due to the plurality of thermoelectric generators employed.

[0009] Further, one of the problems with prior art systems is often that thermocouple
elements of a thermoelectric generator that are arranged in tandem/in series along the direction of
flow of the warm fluid experience different temperature differences due to the thermal energy
being extracted from the warm fluid. This results in the thermocouple elements generating
different electric voltages (and providing different output) accounting for a complex

configuration of a connected power electronic.

[0010] In addition, prior art systems have the problem that any thermal overloading of
thermocouple elements of a thermoelectric generator located upstream along the warm fluid is to

be prevented.

[0011] Finally, fitting a thermoelectric generator is laborious due to the plurality of

components (thermocouple elements and contact members).
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SUMMARY OF THE INVENTION

[0012] Embodiments provide a compact thermoelectric generator for converting thermal
energy contained in a fluid into electric energy that has a particularly wide range of the operation

temperature and that is easy to manufacture.

[0013] Further embodiments provide a compact thermoelectric generator for converting
thermal energy contained in a fluid into electric energy, in which all thermocouple elements
forming the thermoelectric generator receive substantially the same thermal flow. Substantially,
the same thermal flow hereby refers to a thermal flow where the power of the thermal flow
delivered to the individual thermocouple elements differs by less than 20 % and in particular by

less than 10 %. Consequently, the power of the thermocouple elements is also about the same.

[0014] Further embodiments provide a compact thermoelectric generator for converting
thermal energy contained in a fluid into electric energy that prevents the thermocouple elements

upstream of the warm fluid from being thermally overloaded.

[0015] Further embodiments provide a contact member suitable for the thermoelectric

generator and simplifying the installation effort.

[0016] Embodiments of a thermoelectric generator comprise a first flow channel for

passing a warm fluid, a second flow channel for passing a cold fluid, a plurality of thermocouple
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clements disposed between the first flow channel and the second flow channel, a first contact
member located between the plurality of thermocouple elements and a wall of the first flow
channel, and a second contact member located between the plurality of thermocouple elements
and a wall of the second flow channel. The first flow channel comprises an inlet and an outlet,
thereby defining a first direction of flow for the warm fluid. The warm fluid thus enters the first
flow channel through the inlet of the first flow channel and exits the first flow channel through
its outlet. Accordingly, also the second flow channel comprises an inlet and an outlet, thereby
defining a second direction of flow for the cold fluid. The cold fluid thus enters the second flow
channel through the inlet of the second flow channel and exits the second flow channel through
its outlet. A number of thermocouple elements of the plurality of thermocouple elements are
disposed between the first flow channel and the second flow channel such that they are
neighboring each other in pairs along the first flow direction (thus resulting in a serial
arrangement of the thermocouple elements along the first flow direction). Neighboring
thermocouple elements may thereby be directly adjacent to each other or be spaced apart. The
first contact member disposed between the plurality of thermocouple elements and the wall of the
first flow channel comprises contact portions associated with the individual thermocouple
clements providing a heat conducting coupling between the respective thermocouple element and
the wall of the first flow channel. This heat conducting coupling has a thermal resistance and
may promote (in case of a comparatively low thermal resistance) or impede (in case of a
comparatively high thermal resistance) thermal conduction. Accordingly, also the second contact
member disposed between the plurality of thermocouple elements and the wall of the second

flow channel comprises contact portions associated with the individual thermocouple elements
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providing a heat conducting coupling between the respective thermocouple element and the wall
of the second flow channel. This heat conducting coupling has a thermal resistance and may
promote (in case of a comparatively low thermal resistance) or impede (in case of a
comparatively high thermal resistance) thermal conduction. The sum of the thermal resistances
of those contact portions of the first and second contact members that are associated with a first
thermocouple element located, with respect to the first direction of flow, upstream of a second
thermocouple element (and thus closer to the inlet for the warm fluid) is larger than the sum of
the thermal resistances of those contact portions of the first and second contact members that are
associated with the second thermocouple element (located farther from the inlet for the warm

fluid).

[0017] The adjective "warm" with respect to the fluid passing the first flow channel
means, as used herein, that the temperature of the fluid is higher than that of the "cold" fluid

passing the second flow channel.

[0018] Further, the term "flow channel" as used herein generally refers to a body for
passing a fluid flow, like for instance a pipe line. The cross-section of the body passing the fluid

flow is preferably constant.

[0019] The term "thermocouple element" as used herein refers to an electric device

enabling a direct conversion of heat into electric energy.
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[0020] Finally, the term "thermal resistance" as used herein refers to the inverse of the
product of the heat transition coefficient of the respective contact portion of the respective
contact member and the size of the transition area. The heat transition coefficient may be
determined by determining the heat amount transferred through the respective contact portion
during a period of time, whereby according to an embodiment a temperature difference is used
for the temperature difference in front and behind the respective contact portion at which the
associated thermocouple element exhibits the highest efficiency. Alternatively, the temperature
difference between 800 °C (warm side) and 300 °C (cold side) may be used for determining the

heat transition coefficient.

[0021] The above configuration allows the thermoelectric generator to operate in higher
temperatures for the warm fluid than in the prior art, since a thermal overload of thermocouple
elements disposed near the inlet of the first flow channel can be prevented by deliberately
providing a correspondingly high thermal resistance for the contact portion associated with the
respective thermocouple elements of the first contact member. This also results in a particularly
wide range of operating temperatures for the thermoelectric generator without any requirement

for bypasses.

[0022] In addition, a proper adjustment of the respective sums of the thermal resistances
of the contact portions of the first and second contact members associated with thermocouple
clements disposed along the first direction of flow to the temperatures, flow rates and thermal

capacities of the warm and cold fluids may ensure that the heat amount (thermal flow) transferred
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between the first flow channel and the second flow channel through the first thermocouple
element is approximately the same as the heat amount transferred between the first flow channel
and the second flow channel through the second thermocouple element (and each thermocouple
clement disposed downstream (subsequently) along the first direction of flow). This enables to
provide each of the thermocouple elements disposed successively along the first direction of flow
with about the same temperature difference and thus an operation within the same efficiency
range. This results in an almost identical output of the thermocouple elements. Since the
thermocouple elements then also provide an almost identical electric voltage, the configuration of

a connected power electronics is simplified.

[0023] According to an embodiment, the different thermal resistances of the first contact
member are effected by the thickness of the first contact member at the contact portion between
the first thermocouple element and the first flow channel being larger than the thickness of the
first contact member at the contact portion between the second thermocouple element (and
optionally each thermocouple element disposed downstream (subsequently) along the first flow
direction) and the first flow channel. This requires, however, differing distances between the
thermocouple elements and the first flow channel. The first thermocouple element is then
located farther away from the wall of the first flow channel than thermocouple elements disposed

downstream along the first direction of flow.

[0024] According to an embodiment, the different thermal resistances of the first contact

member are effected by the first contact member comprising a lower content of substances with
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high thermal conductivity in the contact portion between the first thermocouple element and the
first flow channel than in the contact portion between the second thermocouple element (and
optionally each thermocouple element disposed downstream (subsequently) along the first flow
direction) and the first flow channel. Accordingly, the material composition of the first contact
member in the contact portion associated with the first thermocouple element differs from the
material composition of the first contact member in the contact portion associated with the
second thermocouple element. The first contact member may, e.g., be provided with a higher
content of a material having a comparatively low thermal conductivity in the contact portion
associated with the first thermocouple element than in the contact portion associated with the

second thermocouple element.

[0025] According to an embodiment, the different thermal resistances of the first contact
member are effected by the effective cross-sectional area of the first contact member at the
contact portion between the first thermocouple element and the first flow channel being smaller
than the effective cross-sectional area of the first contact member between the second
thermocouple element (and optionally each thermocouple element disposed downstream
(subsequently) along the first flow direction) and the first flow channel. The effective
cross-sectional area of the first contact member according to an embodiment is hereby
determined half way between the wall of the first flow channel and the associated thermocouple
clement. The effective cross-sectional area may for instance be manipulated by forming cavities
or recesses into the respective contact portion of the first contact member, which all in all also

results in different densities of the contact portions of the first contact member.

10
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[0026] According to an embodiment, the different thermal resistances of the first contact
member are effected by the size of the surface of the contact portion of the first contact member
that contacts the first thermocouple element being smaller than the size of the surface of the
contact portion of the first contact member that contacts the second thermocouple element (or
optionally each thermocouple element disposed downstream along the first flow direction). For
example, recesses may be provided in the contact portion of the first contact member that
penetrate the first contact member in the respective contact portion between the wall of the first
flow channel and the associated thermocouple element completely. In this case, an adjustment of
the thermal resistance may be effected by the number and size of the recesses in the respective

contact portion of the first contact member.

[0027] According to embodiments, the different thermal resistances of the second contact
member in the contact portions may also be effected by one or more of the measures described
above with respect to the first contact member: For example, the thickness of the second contact
member at the contact portion between the first thermocouple element and the second flow
channel may differ from the thickness of the second contact member at the contact portion
between the second thermocouple element and the second flow channel resulting also in this case
in different distances of the first and second thermocouple elements to the second flow channel.
Alternatively or additionally, the second contact member may be provided with a content of
substances having a high thermal conductivity at the contact portion between the first

thermocouple element and the second flow channel that differs from a content of substances

11
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having a high thermal conductivity at the contact portion between the second thermocouple
element and the second flow channel, thus resulting in the material composition of the second
contact member at the contact portion associated with the first thermocouple element being
different to the material composition of the second contact member at the contact portion
associated with the second thermocouple element. Alternatively or additionally, the effective
cross-sectional area of the second contact member at the contact portion between the first
thermocouple element and the second flow channel may differ from the effective cross-sectional
arca of the second contact member at the contact portion between the second thermocouple
element and the second flow channel, the effective cross-sectional area of the second contact
member according to an embodiment being also in this case determined half way between a wall
of the second flow channel and the associated thermocouple element. Alternatively or
additionally, the size of the surface of the contact portion of the second contact member that
contacts the first thermocouple element may be different to the size of the surface of the contact
portion of the second contact member that contacts the second thermocouple element. Also in
this case, the second thermocouple element is a symbolic representation for each thermocouple
clement disposed with respect to the first direction of flow downstream (subsequently) of the first

thermocouple element.

[0028] The above measures can be implemented easily and at low cost, and enable a

precise trimming of the respective thermal resistances.

[0029] According to an embodiment, at least one of the first and second contact members

12
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between the contact portion associated with the first thermocouple element and the contact
portion associated with second thermocouple element comprises an isolation region, where the
thermal resistance is increased by at least five times and in particular by at least ten times as

compared to an average thermal resistance.

[0030] According to an embodiment the thermal resistance of the contact member at (in)
the isolation region between the contact portion associated with the first thermocouple element
and the contact portion associated with the second thermocouple element is increased by less
than 10,000 times and especially by less than 1,000 times and further especially by less than 100
times as compared to an average thermal resistance of the neighboring contact portions of the
contact member. Thus, in this embodiment the following ranges are possible: five times increase
< thermal resistance at the isolation region < 10,000 times increase; five times increase < thermal
resistance at the isolation region < 1,000 times increase; five times increase < thermal resistance
at the isolation region < 100 times increase; ten times increase < thermal resistance at the
isolation region < 10,000 times increase; ten times increase < thermal resistance at the isolation
region < 1,000 times increase; ten times increase < thermal resistance at the isolation region <

100 times increase.

[0031] This allows to reduce or even prevent any unwanted thermal flow between
thermocouple elements neighboring each other in the direction of flow across the respective

contact members.

13
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[0032] According to an embodiment, the first contact member comprises in at least one
contact portion a recess which largest dimension is oriented along the first direction of flow.
According to an embodiment, the recess is an elongated hole. According to an embodiment, the
second contact member comprises in at least one contact portion a recess which largest
dimension is oriented along the second direction of flow. According to an embodiment, the

recess 1s an elongated hole.

[0033] In doing so, the heat flow flowing through the contact portions of the respective
contact member can be provided with a preferential direction oriented along the direction of flow
of the respective fluid. This helps to provide the surfaces of the thermocouple elements along the
direction of flow of the respective fluid with temperatures of substantially the same height, since
inside the contact members a thermal conduction along the directions of flow of the respective

fluids is not suppressed or not substantially suppressed.

[0034] According to an embodiment, the first contact member comprises between the
contact portion associated with the first thermocouple element and the contact portion associated
with the second thermocouple element at least one recess with its largest dimension being
aligned transverse to the first direction of flow. According to an embodiment, the recess is an
elongated hole. According to an embodiment, the second contact member comprises between the
contact portion associated with the first thermocouple element and the contact portion associated
with the second thermocouple element at least one recess with its largest dimension being

aligned transverse to the first direction of flow. According to an embodiment, the recess is an

14
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elongated hole.

[0035] This allows to prevent any unwanted thermal flow between thermocouple
elements neighboring each other in the direction of flow of the respective fluid across the

respective contact members almost entirely.

[0036] According to an embodiment, the thermal resistance of the first contact member
is, in the contact portion associated with the first thermocouple element, higher than the thermal
resistance of the first contact member in the contact portion associated with the second

thermocouple element.

[0037] This ensures that a thermal overload of the thermocouple elements located near

the inlet of the first flow channel for the warm fluid is prevented.

[0038] According to an embodiment, the thermal resistance of the second contact
member is, in the contact portion associated with the first thermocouple element, higher than the
thermal resistance of the second contact member in the contact portion associated with the
second thermocouple element, when the first direction of flow and the second direction of flow
have the same orientation, and the thermal resistance of the second contact member is, in the
contact portion associated with the first thermocouple element, lower than the thermal resistance
of the second contact member in the contact portion associated with the second thermocouple

clement, when the first direction of flow and the second direction of flow are oriented oppositely.
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[0039] According to an embodiment, the wall of the first flow channel, on which the first
contact member is deposed, is smooth and has no cooling fins. According to an alternative
embodiment, the wall of the first flow channel, on which the first contact member is deposed, has
cooling fins that are evenly distributed along the first direction of flow. According to an
embodiment, the wall of the second flow channel, on which the second contact member is
deposed, is smooth and has no cooling fins. According to an alternative embodiment, the wall of
the second flow channel, on which the second contact member is deposed, has cooling fins that
are evenly distributed along the second direction of flow. According to an embodiment, the
cooling fins are provided at the side of the wall of the respective flow channel that is in contact
with the fluid and not in contact with the respective contact member. Thus, the cooling fins are

provided inside the respective flow channel.

[0040] The use of flow channels having smooth walls and the omission of cooling fins
disposed inside the flow channels avoids an increase of the flow resistance for the fluids passing
through the flow channels and thus avoids a reduction of the overall efficiency by flow losses.
Otherwise, a provision of cooling fins increases the area available for thermal conduction. An
even distribution of the cooling fins along the respective directions of flow then ensures that the
arca available for a heat transfer is about the same over the entire extension of the respective flow
channel. Then, also the flow resistance is about the same over the entire extension of the

respective flow channel.
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[0041] According to an embodiment, all contact portions are provided by the first contact
member in a monobloc configuration. According to an embodiment, all contact portions are

provided by the second contact member in a monobloc configuration.

[0042] A monobloc configuration of the contact member and the corresponding contact
portions eases an assembling of the thermoelectric generator, since the number of parts used is
kept low. Furthermore, a monobloc configuration allows a fixed specification of the contact

portion's sequential arrangement.

[0043] According to an embodiment, the plurality of thermocouple elements is disposed

as a single layer between the first flow channel and the second flow channel.

[0044] According to an embodiment, the first thermocouple element and the second
thermocouple element (i.c., thermocouple elements disposed adjacent to each other along the first
direction of flow) are, in pairs, identical in construction with respect to each other or all
thermocouple elements of the plurality of thermocouple elements are identical in construction

with respect to each other.

[0045] According to an embodiment, the first contact member is a heat conducting film
made of graphite or silicone rubber or polyimide or alumina or micanite or acrylic polymer.

According to an embodiment, the second contact member is a heat conducting film made of
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graphite or silicone rubber or polyimide or alumina or micanite or acrylic polymer.

[0046] By introducing holes into these materials, contact portions with different thermal

resistances can be provided with ease.

[0047] Embodiments of the thermoelectric generator have no bypass conduits.

[0048] Embodiments of an alternative thermoelectric generator comprise a flow channel
having an inlet and an outlet for passing a fluid, the inlet and the outlet of the flow channel
defining a direction of flow for the fluid. The thermoelectric generator comprises a plurality of
thermocouple elements, disposed neighboring each other in the direction of flow next to the flow
channel. Further, the thermoelectric generator comprises a contact member located between the
plurality of thermocouple elements and a wall of the flow channel, the contact member
comprising contact portions each of which is associated with a single thermocouple element, the
contact portions providing a thermal conducting coupling between the respective associated
thermocouple element and the wall of the flow channel. Between directly adjacent contact
portions associated with directly adjacent thermocouple elements, the contact member thereby
comprises an isolation region at (in) which the thermal resistance of the directly adjacent contact
portions is increased by at least five times and, in particular, at least ten times as compared to an

average thermal resistance of the directly adjacent contact portions of the contact member.

[0049] According to an embodiment the thermal resistance of the contact member at (in)
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the isolation region between directly adjacent contact portions associated with directly adjacent
thermocouple elements is increased by less than 10,000 times and especially by less than 1,000
times and further especially by less than 100 times as compared to an average thermal resistance
of the directly adjacent contact portions of the contact member. Thus, in this embodiment the
following ranges are possible: five times increase < thermal resistance at the isolation region <
10,000 times increase; five times increase < thermal resistance at the isolation region < 1,000
times increase; five times increase < thermal resistance at the isolation region < 100 times
increase; ten times increase < thermal resistance at the isolation region < 10,000 times increase;
ten times increase < thermal resistance at the isolation region < 1,000 times increase; ten times

increase < thermal resistance at the isolation region < 100 times increase.

[0050] By providing a respective isolation region, a thermal flow between neighboring
thermocouple elements across the contact member may be reduced or prevented completely.

Further, using a monobloc contact member reduces the assembly effort.

[0051] According to an embodiment, the directly adjacent thermocouple elements are
then configured for different temperature regions. This allows to avoid a thermal overload of the
thermocouple elements, since also across the contact member no thermal flow between

neighboring thermocouple elements is possible.

[0052] According to an embodiment, the contact member comprises between the contact

portion associated with the first thermocouple element and the contact portion associated with a
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neighboring second thermocouple element at least one recess whose largest dimension is
orientated transverse to the direction of flow. According to an embodiment, the recess is an

elongated hole.

[0053] This allows to prevent an unwanted thermal flow between thermocouple elements
neighboring each other in the directions of flow of the respective fluids across the respective

contact members almost entirely.

[0054] Embodiments of an exhaust system for a vehicle driven by an internal combustion
engine comprise a thermoelectric generator as described above, wherein the first flow channel is
an exhaust gas line of the exhaust system or is configured for being coupled with an exhaust gas

line of the exhaust system.

[0055] Embodiments of a contact member for a thermoelectric generator comprise a
plurality of contact portions configured to provide a heat conducting coupling between a
respective associated adjacent thermocouple element of a thermoelectric generator and an
adjacent wall of a flow channel. The contact member thereby comprises an isolation region
between neighboring contact portions associated with thermocouple elements neighboring each
other, with thermal resistance at (in) the isolation region being increased by at least five times
and, in particular, by at least ten times as compared to the average thermal resistance of the
neighboring contact portions. This may for instance be implemented using a different material

composition for the contact member in the isolation region or by the contact member comprising
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a density or material thickness in the isolation region lower than in the neighboring contact
portions. Alternatively, the contact member may comprise a recess (or several recesses) between
neighboring contact portions associated with neighboring thermocouple elements, the largest
dimension of the recesses being oriented along the direction of a separation line between
neighboring contact portions. The recess may for example be an elongated hole or a number of

(circular) holes disposed along a line.

[0056] According to an embodiment the thermal resistance of the contact member at (in)
the isolation region between neighboring contact portions associated with thermocouple elements
neighboring each other is increased by less than 10,000 times and especially by less than 1,000
times and further especially by less than 100 times as compared to an average thermal resistance
of the neighboring contact portions of the contact member. Thus, in this embodiment the
following ranges are possible: five times increase < thermal resistance at the isolation region <
10,000 times increase; five times increase < thermal resistance at the isolation region < 1,000
times increase; five times increase < thermal resistance at the isolation region < 100 times
increase; ten times increase < thermal resistance at the isolation region < 10,000 times increase;
ten times increase < thermal resistance at the isolation region < 1,000 times increase; ten times

increase < thermal resistance at the isolation region < 100 times increase.

[0057] This allows a reduction or a prevention of a thermal flow between neighboring

thermocouple elements across the contact member.
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[0058] According to an embodiment, the contact member has the shape of a rectangle
with two long sides in parallel and two short sides in parallel, and a recess is provided between
neighboring contact portions associated with neighboring thermocouple elements, with the

largest dimension of the recess oriented in parallel to the short sides of the contact member.

[0059] According to an embodiment, the contact member provides all contact portions in

a monobloc configuration.

[0060] According to an embodiment, the contact member is a heat conducting film made

of graphite or silicone rubber or polyimide or alumina or micanite or acrylic polymer.

[0061] 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

[0062] Further features of the invention will be apparent from the following description
of exemplary embodiments together with the claims and the Figures. In the Figures, equal or
similar elements are assigned equal or similar reference signs. It is noted that the invention is not

limited to the configurations of the exemplary embodiments described herein, but defined by the
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scope of the claims enclosed. Embodiments according to the invention may in particular
implement individual features in different numbers and combination than the examples described
below. In the following description of an exemplary embodiment, reference is made to the

enclosed Figures.

[0063] Figure 1A is a schematic perspective view of a thermoelectric generator according

to a first embodiment;

[0064] Figure 1B is a schematic cross-sectional view of the thermoelectric generator of
Figure 1A;
[0065] Figure 1C is a schematic plan view of the first and second contact members used

in the thermoelectric generator of Figure 1A;

[0066] Figure 2A is a schematic perspective view of a thermoelectric generator according

to a second embodiment;

[0067] Figure 2B is a schematic cross-sectional view of the thermoelectric generator of
Figure 2A;
[0068] Figure 3A is a schematic perspective view of a thermoelectric generator according

to a third embodiment;
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[0069] Figure 3B is a schematic cross-sectional view of the thermoelectric generator of

Figure 3A;

[0070] Figure 3C is a schematic plan view of the first and second contact elements used

in the thermoelectric generator of Figure 3A;

[0071] Figure 4 is a schematic perspective view of a thermoelectric generator according

to a fourth embodiment;

[0072] Figure S is a schematic perspective view of a thermoelectric generator according

to a fifth embodiment;

[0073] Figure 6 is a schematic diagram of an exhaust system using the thermoelectric

generator according to the fifth embodiment;

[0074] Figure 7A is a perspective view of a thermoelectric generator according to a sixth
embodiment;
[0075] Figure 7B is a schematic cross-sectional view of the thermoelectric generator of

Figure 7A; and
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[0076] Figure 7C is a schematic plan view of first and second contact elements used in

the thermoelectric generator of Figure 7A.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0077] Referencing Figures 1A to 1C, a first embodiment of a thermoelectric generator 7
and corresponding contact members 4, 5 will now be described. Figure 1B thereby shows a
cross-section taken along line A-A through the thermoelectric generator shown in Figure 1A in
perspective view, while Figure 1C shows a plan view of the first and second contact members 4,

5 used in the thermoelectric generator of Figures 1A and 1B.

[0078] As shown particularly clearly in Figures 1A and 1B, the thermoelectric generator
7 comprises a first flow channel 1, in the Figures arranged at the top, and a second flow channel
2, in the Figures arranged at the bottom. In the embodiment shown, both flow channels 1 and 2

are made from stainless steel sheets and have a constant rectangular cross-section each.

[0079] In the embodiment shown, an 800 °C warm exhaust flow entering the first flow
channel 1 through an inlet 11 located in Figure 1B at the right side and exiting the first flow
channel 1 through an outlet 12 located in Figure 1B at the left side passes through the upper first
flow channel 1 along a direction of flow 10 indicated by arrows. A 40 °C warm, and thus
comparatively cold, air flow entering the second flow channel 2 through an inlet 21 located in
Figure 1B at the left side and exiting the second flow channel 2 through an outlet 22 located in

Figure 1B at the right side passes through the bottom second flow channel 2 along a direction of
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flow 20 indicated by arrows. In the embodiment shown, the first direction of flow 10 and the
second direction of flow 20 are apparently oriented opposite so that the warm exhaust flow
passed inside the top first flow channel 1 and the cold air flow passed inside the bottom flow

channel 2 flow through the thermoelectric generator 7 in counter flow.

[0080] Between the first and second flow channels 1, 2 three thermocouple elements 31,
32, and 33, identical in construction, are arranged in a plane 3 such that they are arranged along
the first and second direction of flow 10, 20 in a single layer neighboring each other in a row.
Thereby, a small gap is present between the respective directly neighboring thermocouple
elements 31, 32, and 33. The thermal coupling between a wall of the first flow channel 1 and the
thermocouple elements 31, 32, and 33 disposed in plane 3 is provided by a first contact member
4, which is in the present embodiment a heat conducting film made from micanite. The thermal
coupling between the thermocouple elements 31, 32, and 33 disposed in plane 3 and the wall of
the second flow channel 2 is established by a second contact member 5, which is in the present
embodiment a heat conducting film made from graphite. The temperature difference between the
800 °C hot exhaust flow and the 40 °C cold air flow results in a heat flow between the two flow
channels 1, 2 that passes through the first contact member 4, the thermocouple elements 31, 32,

and 33, and the second contact member 5.

[0081] The first contact member 4 and the second contact member 5 thereby have a

thermal resistance that varies along the first and second direction of flow 10, 20.
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[0082] As can be seen especially well in the plan view of the first and second contact
members 4, 5 of Figure 1C, the micanite heat conducting film forming the first contact member 4
is divided in three contact portions 41, 42, and 43 by two elongated holes 45 extending through
the first contact member 4 1in its depth direction completely and having their largest dimension
oriented transverse to the first direction of flow 10. These recesses configured as elongated holes
45 guarantee that the thermal conductivity of the first contact member 4 between the respective
neighboring contact portions 41 and 42 or 42 and 43, respectively, is close to zero. The graphite
heat conducting film forming the second contact member 5 is also divided into three contact
portions 51, 52, and 53 by two elongated holes 55 spaced along the second direction of flow 20
and extending completely through the second contact member 5 in its depth direction. Also in
this case, the recesses configured as elongated holes 55 are oriented such that their largest
dimension is oriented transverse to the direction of flow 20 thereby preventing thermal
conduction between the respective neighboring contact portions 51 and 52 or 52 and 53,

respectively, to a great extent.

[0083] Each contact portion 41, 42, 43, 51, 52, 53 of the first and second contact
members 4, 5 is associated with one thermocouple element 31, 32, 33. The first and second
contact member 4, 5 each have different thermal resistances in their respective contact portions
41, 42,43, 51, 52, 53. In the embodiment shown, this is achieved with the contact portions 41
and 42 of the micanite heat conducting film forming the first contact member 4 having different
numbers of recesses which are each formed as an elongated hole 46. The largest dimension of

the elongated holes 46 is thereby oriented along the first direction of flow 10 to facilitate thermal
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conduction along the first direction of flow 10 inside the respective contact portion 41 and 42.
Due to having the highest number of elongated holes 46, the first contact member 4 has the
smallest effective cross-sectional area in the contact portion 41, and in the contact portion 43,
having no recesses, the highest effective cross-sectional area. Furthermore, the surface of the
first contact element 4 that contacts the first thermocouple element 31 at the contact portion 41 is
the smallest and the surface contacting the third thermocouple element 33 at the contact portion

43 is the largest.

[0084] Accordingly, also the contact portions 52 and 53 of the graphite heat conducting
film forming the second contact member 5 have different numbers of recesses that are each
formed by an elongated hole 56. Also here, this results in the effective cross-sectional area and
the size of the surface of the second contact member S contacting the first thermocouple element

31 are at the contact portion 51 the largest and at contact portion 53 the smallest.

[0085] The contact portions 41 and 51, 42 and 52, 43 and 53 of the first and second
contact members 4, 5 which each are associated with a thermocouple element 31, 32, and 33 are
balanced with respect to their respective thermal resistance such that the sum of the thermal
resistances of the contact portions 41 and 51 of the first and second contact members 4 and 5
associated with the first thermocouple element 31 is higher than the sum of the thermal
resistances of the contact portions 42 and 52 of the first and second contact members 4 and 5
associated with the second thermocouple element 32, which in turn is higher than the sum of the

thermal resistances of the contact portions 43 and 53 of the first and second contact members 4
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and 5 associated with the third thermocouple element 33. Thus, the sum of the thermal
resistances of the contact portions 41, 42, 43, 51, 52, 53 of the first and second contact members
4 and 5 decreases along the first direction of flow 10. This balancing is performed by the choice
of materials, the first and second contact member 4, 5 are made from and also by the
arrangement, size and number of recesses formed in the contact portions 41, 42, 52, 53. By
deliberately providing a comparatively high thermal resistance for the first thermocouple element
31 located along the first direction of flow 10 closest to the inlet 11 of the first flow channel 1 a

good protection of this first thermocouple element 31 against thermal overload 1s achieved.

[0086] Further, since the thermal resistance of the second contact member 5 is, in the
contact portion 51 associated with the first thermocouple element 41, lower than the thermal
resistance of the second contact portion 52 associated with the second thermocouple element 32,
a good heat conduction between the first thermocouple element 31 and the wall of the second
flow channel 2 is further guaranteed, resulting in the heat amount transferred from the first
thermocouple element 31 can all in all be adjusted to equal the heat amount transferred by the

second and third thermocouple elements 32 and 33.

[0087] Since in the embodiment shown, the contact portions 41, 42, and 43 of the first
contact member 4 and the contact portions 51, 52, and 53 of the second contact member 5 are
cach provided in a monobloc configuration, assembling the contact members 4, 5 with the
corresponding contact portions 41, 42, 43, 51, 52, 53 is easy. Further the arrangement of the

contact portions 41, 42, 43, 51, 52, 53 with the different thermal resistances is fixed, preventing
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failures during assembly.

[0088] In the embodiments shown, the interior walls of both flow channels 1, 2 are
smooth at their sides facing/adjoining the thermocouple element 31, 32, 33 and thus formed
without any cooling fins, resulting in the first and second flow channel 1 and 2 having a very low

flow resistance.

[0089] Although the first and second contact members 4, 5 of the embodiment shown in
Figures 1A to 1C are made from different materials, the present invention is not limited thereto.
Alternatively, the first and second contact members 4 and 5 may also be made from the same

material.

[0090] Referencing Figures 2A and 2B, a second embodiment of the present invention
will be described below. To avoid any repetitions thereby, only differences to the first
embodiment described with reference to Figures 1A to 1C are addressed. Also here, Figure 2B
shows a cross-sectional view taken along line A-A in Figure 2A which shows the thermoelectric

generator 7 in a perspective view.

[0091] The thermoelectric generator 7 according to the second embodiment differs from
the thermoelectric generator 7 of the above first embodiment in that each of the first and second
contact member 4 and 5 according to the second embodiment are formed without recesses.

Instead, the different thermal resistances in the contact portion 41 of the contact member 4
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associated with the first thermocouple element 31, in the contact portion 42 of the contact
member 4 associated with the second thermocouple element 32, and in the contact portion 43 of
the contact member 4 associated with the third thermocouple element 31, are achieved by having
the thickness of the first contact member 4 being decreased along the first direction of flow 10.
Thus, the thickness of the first contact member 4 is the largest in the contact portion 41
associated with the thermocouple element 31 positioned to be the first upstream of the first
direction of flow 10, and the smallest in the contact portion 43 associated with the thermocouple
element 33 positioned to be the last downstream along the first direction of flow 10. To
nevertheless ensure a constant distance between the first and second flow channels 1 and 2, the
thicknesses of the second contact member 5 in the contact portions 51, 52, and 53 are exactly

complementary to those of the first contact member 4.

[0092] This results in the first thermocouple element 31 located farthest upstream along
the first direction of flow 10 being furthest from a wall of the first flow channel 1 and closest to a
wall of the second flow channel 2 and the third thermocouple element 33 located farthest
downstream along the first direction of flow 10 being closest to the wall of the first flow channel

1 and furthest from the wall of the second flow channel 2.

[0093] For providing the different material thicknesses of the first and second contact
member 4 and 5, the contact portions 4 and 5 of the embodiment shown are formed from silicone
rubber with different amounts of porcelain beads added, the silicone rubber being printed onto

the respective first and second flow channels 1 and 2. Also in this embodiment, neighboring
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thermocouple elements 31 and 32 as well as 32 and 33 are, in pairs, identical in construction.
Also in this embodiment, the sum of the thermal resistances of the contact portions 41 and 51, 42
and 52, 43 and 53 associated with a thermocouple element 31, 32, 33 decreases along the first

direction of flow 10.

[0094] Referencing Figures 3A to 3C, a third embodiment of a thermoelectric generator 7
and of corresponding contact members 4, 5 will be described below. To avoid any unnecessary
repetitions, reference is made to the above embodiments and only differences are addressed in

detail.

[0095] As can be seen particularly well from Figure 3A, the walls of the first and second
flow channels 1 and 2 of the embodiment shown in there each comprise cooling fins 61 and 62 at
their sides facing the thermocouple elements 31, 32, 33, the cooling fins being evenly distributed
along each of the first direction of flow 10 and the second direction of flow 20. This results in
the area of the walls of the first and second flow channels 1 and 2 available for heat transmission

being larger.

[0096] Different than in the above first and second embodiments, the first direction of
flow 10 and the second direction of flow 20 are in the third embodiment oriented in the same

direction, resulting in the first and second flow channels 1 and 2 being operable in parallel flow.

[0097] Thereby, contact portions 41 and 51 of the first and second contact members 4 and
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5 are respectively associated with the first thermocouple element 31 positioned farthest upstream
along the first and second directions of flow 10, 20, which have the highest thermal resistance,
and contact portions 43 and 53 of the first and second contact members 4 and 5 are respectively
associated with the third thermocouple element 33 positioned farthest downstream, which have

the lowest thermal resistance.

[0098] As can quite well be seen from Figure 3C, the thermal resistances of the first and
second contact members 4 and 5, which are in this embodiment each formed of acrylic polymer,
are adjusted by forming recesses 46 and 56, respectively, therein. However, in the embodiment
shown herein, the thermal resistance is not varied by the number of recesses 46 and 56 as in the

first embodiment, but by the size of the respective recesses 46 and 56.

[0099] Further, in the third embodiment, the contact portions 41, 42 and 43 of the first
contact member 4 and the contact portions 51, 52 and 53 of the second contact member 5 are -
different to the first embodiment - not divided by elongated holes, but by regions 45 and 55, in
which the first and second contact members 4 and 5 show a heavily increased content of a
substance with low thermal conductivity. In the embodiment shown, this substance of low
thermal conductivity is alumina. This results in the thermal resistance of the regions 45 and 55
between respective neighboring contact portions 41 and 42, and 42 and 43, respectively, and 51
and 52, and 52 and 53, respectively, being in the embodiment shown 11 times higher than the

average thermal resistance of the respective adjacent contact portions.
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[0100] The technique for adjusting the material composition for varying the thermal
resistance used in portions 45 and 55 may alternatively also be used to adjust the thermal
resistance of contact portions 41, 42, and 43 of the first contact member 4 and/or the contact

portions 51, 52, and 53 of the second contact member 5.

[0101] Referencing Figure 4, a fourth embodiment of the thermoelectric generator 7 will
be described below. Thereby, only differences to the first embodiment are addressed in detail,

and for the rest reference is made to the description of the first embodiment.

[0102] The forth embodiment shown in Figure 4 differs from the first embodiment shown
in Figures 1A to 1C in that two second flow channels 2 passing the cold air flow are provided,
between which the first flow channel 1 passing the warm exhaust flow is disposed. Respective
thermocouple elements 3 are disposed between the first flow channel 1 and the neighboring
second flow channels 2, and a thermal conduction between the first flow channel 1 and the
thermocouple elements 3 is respectively provided by a first contact layer 4. The thermal
conduction between the thermocouple elements 3 and the respective neighboring second flow
channel 2 is respectively provided by second contact members 5. The configuration shown in
Figure 4 enables a particularly effective usage of the energy of the warm exhaust flow passed in

the first flow channel 1.

[0103] Referencing Figure 5, a fifth embodiment of the thermoelectric generator 7 will be

described below. Thereby, only differences to the fourth embodiment are addressed, and for the
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rest reference is made to the description above of the previous embodiments.

[0104] The thermoelectric generator 7 shown in Figure 5 differs from the thermoelectric
generator 7 shown in Figure 4 only in that the generator is not passed through in counter flow but
in cross flow. Accordingly, the thermocouple elements 3 disposed in a single layer between the

first flow channel 1 and the two second flow channels 2 are disposed in several parallel rows.

[0105] Referencing Figure 6, an embodiment of an exhaust system 8 using the

thermoelectric generator 7 according to the embodiment shown in Figure 5 is described below.

[0106] As apparent from Figure 6, the exhaust gas generated by an internal combustion
engine 90 having an engine control 91 is passed into the thermoelectric generator 7 through the
inlet of the first flow channel 1. The outlet of the first flow channel 1 is coupled to the exhaust

system 8 by an exhaust gas line 81, the exhaust gas line 81 ending in a tail pipe 82.

[0107] It is appreciated that the exhaust system 8 may further include a silencer or an
emission control system or the like; for the sake of convenience, these components are not

tlustrated.

[0108] Referencing Figures 7A to 7C, a sixth embodiment of the thermoelectric generator
7' will be described below. To avoid any repetitions thereby, only differences to the first

embodiment described with reference to Figures 1A to 1C are addressed, and for the rest
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reference is made to the above description.

[0109] The thermoelectric generator 7' and the corresponding contact members 4' and 5'
of the sixth embodiment differs from the thermoelectric generator 7 and the corresponding
contact members 4, 5 of the first embodiment in that the first and second contact members 4' and
5' each have the same thermal conductivity in their contact portions 41', 42', 43', 51', 52', and 53'
associated with the thermocouple elements 31', 32', and 33". Accordingly, the first and second
contact members 4' and 5' have no elongated holes or the like within their contact portions 41",
42', 43", 51', 52", and 53'. Instead, only elongated holes 45 and 55 are provided which divide the
contact members 4' and 5' into the contact portions 41', 42', 43", 51", 52" and prevent a thermal
conduction between neighboring thermocouple elements 31', 32', and 33" across the contact
members 4' and 5' to occur. With an exception of the elongated holes 45 and 55, the two contact
members 4' and 5' are made from a micanite heat conducting film of constant material and

thickness.

[0110] In contrast, the thermocouple elements 31', 32', and 33' are, in this embodiment,
not identical in construction, but configured for different temperature ranges. Specifically, the
first thermocouple element 31' located along the first direction of flow 10 closest to the inlet 11
of the first flow channel 1 has its highest efficiency at a temperature difference from 700 °C at
the first flow channel 1 to 200 °C at the second flow channel 2, and the second thermocouple
element 32' located downstream along the first direction of flow 10 has its highest efficiency at a

temperature difference from 650 °C at the first flow channel 1 to 150 °C at the second flow
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channel 2.

[0111] Accordingly, an adaptation to different temperature differences is achieved in the
present embodiment by a corresponding choice of thermocouple elements 3', with the elongated
holes 45, 55 in the contact members 4' and 5' preventing a heat flow between neighboring
thermocouple elements 3' across the contact members 4' and 5'. Furthermore, a simple assembly
of the thermoelectric generator 7' is possible due to the monobloc configuration of contact

members 4' and 5'.

[0112] It is noted that a description of the electric wiring of the thermocouple elements
and the corresponding power electronic has been omitted for the above embodiments, since these
are not relevant for the understanding of the functionality of the present invention. For the same
reason a detailed explanation of the passage of the cold air flow charging the two flow channels 2

has been omitted in Figure 6.

[0113] While the above embodiments of the present invention have been described by
way of example only, it is apparent to those skilled in the art that numerous modifications,
additions and substitutions can be made without departing from the scope and gist of the

invention disclosed in the following claims.

[0114] Accordingly, the thermoelectric generator according to the invention is in

principle suited for converting thermal energy contained in any fluid into electric energy and is
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thus not limited to the thermal energy contained in the exhaust gas of a vehicle driven by an

internal combustion engine.

[0115] 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 thermoelectric generator comprising:

a first flow channel comprising a first flow channel wall and having an inlet and an outlet
for passing a warm fluid, the inlet and the outlet of the first flow channel defining a first direction
of flow for the warm fluid;

a second flow channel comprising a second flow channel wall and having an inlet and an
outlet for passing a cold fluid, the inlet and the outlet of the second flow channel defining a
second direction of flow for the cold fluid;

a plurality of thermocouple elements disposed between the first flow channel and the
second flow channel and being disposed adjacent to each other along the first direction of flow;

a first contact member disposed between the plurality of thermocouple elements and the
first flow channel wall, the first contact member comprising first contact member contact
portions, each of the first contact member contact portions being associated with a respective
individual one of the thermocouple elements, the first contact member contact portions providing
a heat conducting coupling between the respectively associated thermocouple elements and the
wall of the first flow channel; and

a second contact member disposed between the plurality of thermocouple elements and
the second flow channel wall, the second contact member comprising second contact member
contact portions, each of the second contact member contact portions being associated with a
respective individual one of thermocouple elements, the second contact member contact portions
providing a heat conducting coupling between the respectively associated thermocouple elements

and the wall of the second flow channel, wherein:
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a first thermocouple element of the plurality of thermocouple elements is positioned
along the first direction of flow upstream of a second thermocouple element of the plurality of
thermocouple elements; and

a sum of thermal resistances of one of the first contact member contact portions
associated with the first thermocouple element and one of the second contact member contact
portions associated with the first thermocouple element, is larger than a sum of thermal
resistances of one of the first contact member contact portions associated with the second
thermocouple element and one of the second contact member contact portions associated with

the second thermocouple element.

2. The thermoelectric generator according to claim 1, wherein different thermal
resistances of the first contact member at the first contact member contact portions are based on
one or more of the following:

the first contact member contact portion between the first thermocouple element and the
first flow channel has a thickness that is greater than a thickness of the first contact member
contact portion between the second thermocouple element and the first flow channel;

the first contact member contact portion between the first thermocouple element and the
first flow channel has a content of substances having a high thermal conductivity that is lower
than that of the first contact member contact portion between the second thermocouple element
and the first flow channel;

the first contact member contact portion between the first thermocouple element and the

first flow channel has an effective cross-sectional area that is smaller than an effective
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cross-sectional area of the first contact member contact portion between the second thermocouple
element and the first flow channel; and

the first contact member contact portion between the first thermocouple element and the
first flow channel has a surface size, contacting the first thermocouple element, that is smaller
than a surface size, contacting the second thermocouple element, of the first contact member

contact portion between the second thermocouple element and the first flow channel.

3. The thermoelectric generator according to claim 1, wherein different thermal
resistances of the second contact member at the second contact member contact portions are
based on one or more of the following:

the second contact member contact portion between the first thermocouple element and
the second flow channel has a thickness that is greater than a thickness of the second contact
member contact portion between the second thermocouple element and the second flow channel;

the second contact member contact portion between the first thermocouple element and
the second flow channel has a content of substances having a high thermal conductivity that is
lower than that of the second contact member contact portion between the second thermocouple
element and the second flow channel;

the second contact member contact portion between the first thermocouple element and
the second flow channel has an effective cross-sectional area that is smaller than an effective
cross-sectional area of the second contact member contact portion between the second
thermocouple element and the second flow channel; and

the second contact member contact portion between the first thermocouple element and
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the second flow channel has a surface size, contacting the second thermocouple element, that is
smaller than a surface size, contacting the second thermocouple element, of the second contact

member contact portion between the second thermocouple element and the second flow channel.

4. The thermoelectric generator according to claim 1, wherein:

at least one of the first contact member and the second contact member comprises an
isolation region between the contact portion associated with the first thermocouple element and
the contact portion associated with the second thermocouple element, the isolation region having

5 an increased thermal resistance by at least five times with respect to an average thermal

resistance of adjacent contact portion; or

at least one of the first contact member and the second contact member comprises an
isolation region between the contact portion associated with the first thermocouple element and
the contact portion associated with the second thermocouple element, the isolation region having

10 an increased thermal resistance by at least ten times with respect to an average thermal resistance

of adjacent contact portion.

5. The thermoelectric generator according to claim 1, wherein
the first contact member comprises at least one recess in at least one of the first contact
member contact portions, with a largest dimension of the at least one recess being oriented in the
first direction of flow; or
5 the second contact member comprises at least one recess in at least one of the second

contact member contact portions, with a largest dimension of the at least one recess being
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oriented in the second direction of flow; or

the first contact member comprises at least one recess in at least one of the first contact
member contact portions, with a largest dimension of the at least one recess being oriented in the
first direction of flow and the second contact member comprises at least one recess in at least one
of the second contact member contact portions, with a largest dimension of the at least one recess

being oriented in the second direction of flow.

6. The thermoelectric generator according to claim 1, wherein

the first contact member comprises at least one recess between the contact portion
associated with the first thermocouple element and the contact portion associated with the second
thermocouple element, the at least one recess having a largest dimension oriented transverse to
the first direction of flow; or

the second contact member comprises at least one recess between the contact portion
associated with the first thermocouple element and the contact portion associated with the second
thermocouple element, the at least one recess having a largest dimension oriented transverse to
the second direction of flow; or

the first contact member comprises at least one recess between the contact portion
associated with the first thermocouple element and the contact portion associated with the second
thermocouple element, the at least one recess having a largest dimension oriented transverse to
the first direction of flow and the second contact member comprises at least one recess between
the contact portion associated with the first thermocouple element and the contact portion

associated with the second thermocouple element, the at least one recess having a largest

43

PATENT
REEL: 042738 FRAME: 0789



10

dimension oriented transverse to the second direction of flow.

7. The thermoelectric generator according to claim 1, wherein a thermal resistance of the
first contact member is higher in the contact portion associated with the first thermocouple
clement than the thermal resistance of the first contact member in the contact portion associated

with the second thermocouple element.

8. The thermoelectric generator according to claim 1, wherein:

with the first direction of flow and the second direction of flow having a same orientation
the thermal resistance of the second contact member is higher in the second contact member
contact portion associated with the first thermocouple element than the thermal resistance of the
second contact member contact portion associated with the second thermocouple element; and

with the first direction of flow and the second direction of flow having opposite
orientations, the thermal resistance of the second contact member is lower in the second contact
member contact portion associated with the first thermocouple element than the thermal
resistance of the second contact member contact portion associated with the second

thermocouple element.

9. The thermoelectric generator according to claim 1, wherein:
the wall of the first flow channel on which the first contact member is disposed is smooth
and has no cooling fins; or

the wall of the first flow channel on which the first contact member is disposed has
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cooling fins evenly distributed along the first direction of flow; or

the wall of the second flow channel on which the second contact member is disposed is
smooth and has no cooling fins; or

the wall of the second flow channel on which the second contact member is disposed has
cooling fins evenly distributed along the second direction of flow; or

any combination of the wall of the first flow channel on which the first contact member is
disposed is smooth and has no cooling fins and the wall of the first flow channel on which the
first contact member is disposed has cooling fins evenly distributed along the first direction of
flow and the wall of the second flow channel on which the second contact member is disposed is
smooth and has no cooling fins and the wall of the second flow channel on which the second
contact member is disposed has cooling fins evenly distributed along the second direction of

flow.

10. The thermoelectric generator according to claim 1, wherein:

the first contact member provides the first contact member contact portions in a
monobloc configuration; or

the second contact member provides the second contact member contact portions in a
monobloc configuration; or

the first contact member provides the first contact member contact portions in a
monobloc configuration and the second contact member provides the second contact member

contact portions in a monobloc configuration.
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11. The thermoelectric generator according to claim 1, wherein the plurality of
thermocouple elements is disposed as a single layer between the first flow channel and the

second flow channel.

12. The thermoelectric generator according to claim 1, wherein:

the first thermocouple element and the second thermocouple element are identical in
construction; or

all of the thermocouple elements of the plurality of thermocouple elements are identical

in construction.

13. The thermoelectric generator according to claim 1, wherein:

the first contact member is a heat conducting film made of graphite or silicone rubber or
polyimide or alumina or micanite or acrylic polymer; or

the second contact member is a heat conducting film made of graphite or silicone rubber
or polyimide or alumina or micanite or acrylic polymer; or

the first contact member is a heat conducting film made of graphite or silicone rubber or
polyimide or alumina or micanite or acrylic polymer and the second contact member is a heat

conducting film made of graphite or silicone rubber or polyimide or alumina or micanite or

acrylic polymer.

14. A thermoclectric generator comprising:

a flow channel comprising a wall and having an inlet and an outlet for passing a fluid, the
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inlet and the outlet of the flow channel defining a direction of flow for the fluid;

a plurality of thermocouple elements disposed next to the flow channel and adjacent to
each other along the direction of flow; and

a contact member disposed between the plurality of thermocouple elements and the wall
of the flow channel, the contact member comprising contact portions, each of the contact
portions being associated with a respective one of the thermocouple elements, the contact
portions providing a heat conducting coupling between the respectively associated thermocouple
elements and the wall of the flow channel, wherein:

the contact member comprises an isolation region between adjacent contact portions
associated with thermocouple elements adjacent each other, a thermal resistance of the isolation
region being increased with respect to an average thermal resistance of the adjacent contact

portions by at least five times.

15. The thermoelectric generator according to claim 14, wherein the thermocouple

elements adjacent each other are configured for different temperature ranges.

16. The thermoelectric generator according to claim 14, wherein the contact member
comprises at least one recess between adjacent contact portions associated with thermocouple
elements adjacent each other, the at least one recess having a largest dimension oriented

transverse to the flow direction.

17. An exhaust system for a vehicle driven by an internal combustion engine, the exhaust
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system comprising

a thermoelectric generator, the thermoelectric generator comprising:

a first flow channel comprising a first flow channel wall and having an inlet and an outlet
for passing a warm fluid, the inlet and the outlet of the first flow channel defining a first direction
of flow for the warm fluid;

a second flow channel comprising a second flow channel wall and having an inlet and an
outlet for passing a cold fluid, the inlet and the outlet of the second flow channel defining a
second direction of flow for the cold fluid;

a plurality of thermocouple elements disposed between the first flow channel and the
second flow channel and being disposed adjacent to each other along the first direction of flow;

a first contact member disposed between the plurality of thermocouple elements and the
first flow channel wall, the first contact member comprising first contact member contact
portions, each of the first contact member contact portions being associated with a respective
individual one of the thermocouple elements, the first contact member contact portions providing
a heat conducting coupling between the respectively associated thermocouple elements and the
wall of the first flow channel; and

a second contact member disposed between the plurality of thermocouple elements and
the second flow channel wall, the second contact member comprising second contact member
contact portions, each of the second contact member contact portions being associated with a
respective individual one of thermocouple elements, the second contact member contact portions
providing a heat conducting coupling between the respectively associated thermocouple elements

and the wall of the second flow channel, wherein:
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a first thermocouple element of the plurality of thermocouple elements is positioned
along the first direction of flow upstream of a second thermocouple element of the plurality of
thermocouple elements;

a sum of thermal resistances of one of the first contact member contact portions
associated with the first thermocouple element and one of the second contact member contact
portions associated with the first thermocouple element, is larger than a sum of thermal
resistances of one of the first contact member contact portions associated with the second
thermocouple element and one of the second contact member contact portions associated with
the second thermocouple element; and

the first flow channel is an exhaust gas line of the exhaust system or is configured for

being coupled with an exhaust gas line of the exhaust system.

18. A thermoelectric generator contact member comprising:

a plurality of contact portions configured to provide a heat conducting coupling between a
respective associated thermocouple element of a thermoelectric generator and a wall of a fluid
flow channel; and

an isolation region between adjacent contact portions associated with thermocouple
elements adjacent each other, a thermal resistance of the isolation region being increased with
respect to an average thermal resistance of the adjacent contact portions by at least five times; or

a recess between adjacent contact portions associated with thermocouple elements
adjacent each other, a largest dimension of the recess being oriented in the direction of a

separation line between adjacent contact portions; or

49

PATENT
REEL: 042738 FRAME: 0795



15

5

an isolation region between adjacent contact portions associated with thermocouple
elements adjacent each other, a thermal resistance of the isolation region being increased with
respect to an average thermal resistance of the adjacent contact portions by at least five times and
a recess between adjacent contact portions associated with thermocouple elements adjacent each
other, a largest dimension of the recess being oriented in the direction of a separation line

between adjacent contact portions.

19. The contact member according to claim 18, wherein:

the contact member has the shape of a rectangle with two long sides in parallel and two
short sides in parallel;

the recess is provided between adjacent contact portions associated with thermocouple
clements adjacent each other; and

the largest dimension of the recess is oriented in parallel to the short sides of the contact

member.

20. The contact member according to claim 18, wherein

all of the contact portions of the plurality of contact portions are provided in a monobloc
configuration; and

the contact portions of the plurality of contact portions are formed by a heat conducting

film made of graphite or silicone rubber or polyimide or alumina or micanite or acrylic polymer.
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ABSTRACT OF THE DISCLOSURE

A thermoelectric generator includes a first channel for passing a warm fluid along a
direction of flow, a second channel for passing a cold fluid, a plurality of thermocouple elements
disposed along the direction of flow between the first and second channels, a first member
includes portions disposed between the elements and the first channel and associated with the
individual elements for providing a heat coupling between the associated element and the first
channel, and a second member including portions disposed between the elements and the second
channel and associated with the individual elements for providing a heat coupling between the
associated element and the second channel. The sum of the thermal resistances of those portions
that are associated with a first element positioned upstream of a second element is bigger than the

sum of the thermal resistances of those portions that are associated with the second element.
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