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(57) Abrégé/Abstract:

The combined heat exchanging and fluid mixing apparatus comprises a first conduit (44) for guiding a cool fluid through the first
conduit and a second conduit (55) for guiding a hot gas through the second conduit. A heat conductive element (2) is arranged
between the first conduit (44) and the second conduit (55) for transferring heat from the hot gas to the cool fluid. The heat
conductive element has a length defining a maximum longitudinal extension (22) for a heat exchanging process in the apparatus.
The apparatus further comprises a third conduit (45) for guiding an exhaust fluid. The third conduit (45) comprises an exhaust fluid
inlet (46) for introducing an exhaust fluid into the apparatus for mixing of the exhaust fluid with the hot gas and for a chemical
reaction of the so formed exhaust fluid/hot gas mixture in the second conduit (55). The third conduit (45) is provided with more than
one openings (21) passing the exhaust fluid into the second conduit (55). The more than one openings are arranged within the
maximum longitudinal extension (22) for a heat exchanging process in the apparatus and at substantially a same longitudinal
position with respect to the second conduit (55).

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



10

15

20

CA 02826962 2013-09-12

H8322787CA

Abstract

The combined heat exchanging and fluid mixing apparatus
comprises a first conduit (44) for guiding a cool fluid
through the first conduit and a second conduit (55) for
guiding a hot gas through the second conduit. A heat
conductive element (2) is arranged between the first conduit
(44) and the second conduit (55) for transferring heat from
the hot gas to the cool fluid. The heat conductive element
has a length defining a maximum longitudinal extension (22)
for a heat exchanging process in the apparatus. The apparatus
further comprises a third conduit (45) for guiding an exhaust
fluid. The third conduit (45) comprises an exhaust fluid
inlet (46) for introducing an exhaust fluid into the
apparatus for mixing of the exhaust fluid with the hot gas
and for a chemical reaction of the so formed exhaust
fluid/hot gas mixture in the second conduit (55). The third
conduit (45) is provided with more than one openings (21)
passing the exhaust fluid into the second conduit (55). The
more than one openings are arranged within the maximum
longitudinal extension (22) for a heat exchanging process in
the apparatus and at substantially a same longitudinal

position with respect to the second conduit (55).

(Fig. 1)
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Combined heat exchanging and fluid mixing apparatus

The invention relates to the field of combined heat

exchanging and fluid mixing apparatuses.

Fluid mixers are well known for example in the field of
exhaust systems of motor vehicles. To enable a catalytic
reaction of exhaust gas in a catalytic converter, a reducing
agent, typically ammonia or urea, is mixed with the exhaust
gas. For example in US 2002116916, upstream of a catalytic
converter, grids are arranged next to an injection device for
injecting the reducing agent. The grids provide an even
distribution of the exhaust gas/reducing agent mixture. While
fluid mixers and catalytic converters in exhaust systems are
primarily used to remove noxious components, such as nitrogen
oxides from the exhaust gas, catalytic reactions of exhaust
gases may also be used to use up remaining fuel left in the
exhaust gas. If reaction heat produced in this process is

used, energy efficiency of a system may be enhanced.

Fuel cells are known as energy converters with high
efficiency. In fuel cells, for example hydrocarbon fuels are
directly converted into electrical energy and heat. In order
to enhance an overall efficiency of an energy system the heat
produced in the fuel cell may further be used for heating.
Especially fuel cells operating at high temperatures, such as
solid oxide fuel cells (SOFC), are suitable candidates for
application in combined power generation and heat recovery
devices. In general, a heat exchanger is arranged downstream
of the fuel cell heating up a cool fluid for further use. For
operation, SOFCs need a preheated oxidizing gas, especially
air. This gas may be preheated in the heat exchanger before

it is introduced into the SOFC. Furthermore, if a fuel



10

15

20

25

30

CA 02826962 2013-09-12

HB8322787CA

introduced intoc the fuel cell is not completely used up such
a depleted fuel leaving the fuel cell still contains fuel.
The depleted fuel may now be mixed in a fluid mixer with the
hot air leaving the SOFC for oxidizing the depleted fuel/hot
air mixture. The mixture 1is then guided into the heat
exchanger. The heat from the hot air as well as the reaction
heat from the oxidizing reaction 1is wused in the heat
exchanger. Unfortunately, such systems include several
individual components that require space and have high
production costs, for example a separate fluid mixer and a
separate heat exchanger. Another example consists of a
separate burner and a separate heat exchanger, whereas the
depleted fuel 1is mixed and oxidized in the said separate
burner, which is placed upstream of the separate heat

exchanger.

Therefore, there is provided a heat exchanging and fluid
mixing apparatus that takes into account disadvantages of the
state of the art. Especially, there is provided a combined
heat exchanging and fluid mixing apparatus that is weight and

space saving and allows for reduced production costs.

The combined heat exchanging and fluid mixing apparatus
according to the present invention comprises:
- a first conduit for guiding a cool fluid through the first
conduit, the first conduit comprising a cool fluid inlet and
a cool fluid outlet;
- a second conduit for guiding a hot gas through the second
conduit, the second conduit comprising a hot gas inlet and a
hot gas outlet;
- a heat conductive element arranged Dbetween the first
conduit and the second conduit for transferring heat from the

hot gas to the cool fluid, the heat conductive element having
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a length defining a maximum longitudinal extension for a heat
exchanging process in the apparatus; further comprising

- a third conduit for guiding an exhaust fluid, the third
conduit comprising an exhaust fluid inlet for introducing the
exhaust fluid into the apparatus for mixing of the exhaust
fluid with the hot gas and for a chemical reaction of the so
formed exhaust fluid/hot gas mixture in the second conduit,
wherein the third conduit is provided with more than one
openings for introducing the exhaust fluid from the third
conduit into the second conduit, wherein the more than one
openings for introducing the exhaust fluid into the second
conduit are arranged within the maximum longitudinal
extension for a heat exchanging process in the apparatus, and
wherein the more than one openings are arranged substantially
at a same longitudinal position with respect to the second

conduit.

A first conduit for guiding a cool fluid and a second
conduit for guiding a hot fluid separated by a heat
conductive element are arranged for a heat exchanging process
from the hot gas to the cool fluid. Thereby, the length of
the heat conductive element defines a maximum longitudinal
extension, where a heat exchanging process may take place in
the apparatus. Such a maximum longitudinal extension may
effectively be used for a heat exchange from the hot gas to
the cool fluid if the first and the second conduits are
arranged along the whole length of the heat conductive

element.

By providing a third conduit with an exhaust fluid inlet
at one end thereof for introducing an exhaust fluid into the
apparatus and into the second conduit, fluid mixing 1is

integrated into a heat exchanger. By arranging more than one
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openings in the third conduit for introducing the exhaust
fluid from the third conduit into the second conduit within
the maximum longitudinal extension for a heat exchanging
process 1in the apparatus, the exhaust £fluid is introduced
into the second conduit, at the earliest in a region inside
the apparatus, where heat exchanging might take place. A
mixing of exhaust fluid and hot gas starts at the same time
or later, respectively further downstream (downstream with
respect to the hot gas inlet and the flow of the hot gas in
the second conduit) than the heat exchanging process from the
hot gas to the cool fluid starts. To start the mixing for
example when some heat has already been transferred from the
hot gas to the cool fluid, may be favorable if the
temperatures of the hot gas are very high at the hot gas
inlet and rapid chemical reaction, for example oxidation of
the exhaust fluid, and especially excess heat generation by
an exothermic chemical zreaction, such as for example an
oxidation process, shall be prevented or reduced. By
additionally arranging the more than one openings at
substantially a same longitudinal position with respect to
the second conduit, a further controlled chemical reaction
and further controlled heat exchange may be performed in the
apparatus according to the invention. If more than one
openings are arranged at substantially a same longitudinal
position of the second conduit, each fluid injected into the
second conduit initially encounters the same hot gas
environment. In addition, if the openings are arranged
substantially at a same longitudinal position, also further
reaction conditions may be unified for the injected fluid.
For example, a time when the injected fluid reaches a
catalytically active section in the second conduit or a time

the injected fluid mixed with the hot gas encounters the
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effect of the cooling by the cool fluid of the first conduit
may substantially be the same for fluid injected through
different openings. By a catalytically active element a
chemical reaction may be triggered to occur or start at a
specific longitudinal position or region in the second
conduit. By these measures, a first conduit comprising a
cooling fluid may be arranged and the temperature of the
cooling fluid may be adapted such that the chemical reaction
and heat production in the second conduit is kept at a
maximum or at a desired level. Substantially a same
longitudinal position of the openings with respect to the
second channel generally corresponds to a substantially same
length or distance measured from an inlet of the second
channel. However, 1in second conduits having one or more
bends, a same longitudinal position essentially corresponds
to a line, which is perpendicular to lateral conduit walls or

to the flow direction in the second conduit.

If openings are arranged at different longitudinal
positions in the second conduit it might occur that the fluid
or mixture injected at a more upstream position already
reacts before this fluid or mnixture passes the more
downstream holes, and before it reaches a catalytically
active section in the second conduit. It may also occur that
is reacts before it encounters the effect of the cooling by
the cool fluid of the first conduit. If the reaction is
exothermal, then excessive heat 1s produced and such an
overheated injected fluid or mixture reacts with £fluid
injected at a more downstream position. This may lead to for
example the burning of an injected exhaust fluid, which may
damage the apparatus up to its destruction. With the
arrangement of the openings as described it may be

accomplished that combustion of an injected exhaust fluid/hot
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gas mixture only occurs in a cooled area of the apparatus.

By combining fluid mixing and heat exchanging, no
separate components such as an individual £fluid mixer
arranged upstream of a heat exchanger are required. This
reduces production and manufacturing costs, since no separate
devices have to be manufactured and assembled. In addition,
both processes - the heat exchanging and the fluid mixing -
are combined in one apparatus. Therefore, also one housing
only 1is required, which may, for example, be a steel
envelope. This further reduces material costs and weight and
in addition space may be saved, especially also since no
connecting tubes are needed between individual components
that are combined in the apparatus according to the

invention.

The terms ‘hot gas’ and ‘cool fluid’ are herein used to
describe a gas and a fluid - which fluid may be a gas, a
liquid or a mixture thereof - that allow for a heat transfer
from the hot gas to the coocl fluid in a heat exchanger. The
temperature of the cool fluid is lower than that of the hot
gas. While there are basically no limitations as to a
temperature difference between or a temperature range of the
hot gas and the cool fluid, in some preferred embodiments,
the temperature of the ‘hot gas’ at the hot gas inlet is in a
range between 500 and 1000 degrees Celsius, for example
around 800 degrees Celsius. In some preferred embodiments the
temperature of the cool fluid at the cool fluid inlet is
ambient temperature and a few hundred degrees Celsius, for

example 700 degrees Celsius, at the cool fluid outlet.

An exhaust fluid may be a gas, a liquid or a gas-liquid-
mixture. Mixing may be supported by the design of the exhaust

fluid inlet or the more than one openings. For example the
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openings may act as nozzles, or mixing elements may be
provided in the second conduit, for example grids, deflection
elements or other obstacles causing turbulences in the flow
of exhaust fluid and hot gas. An exhaust fluid is for example
a depleted fuel from a fuel cell or an exhaust gas of an

engine of a motor vehicle.

In preferred embodiments, a chemical reaction 1is an
oxidation of the exhaust fluid, for example oxidation of a
fuel. It may be, for example, a catalytic partial oxidation
process (CPOX) of an exhaust fluid. Also CPOX 1is an
exothermic chemical reaction. Therein, a fuel-air mixture is
partially combusted, so that a gas rich in hydrogen 1is
formed. This example for a chemical reaction that may occur
in the apparatus according to the invention can for example
be used to generate hydrogen for the working of a fuel cell
in a single device. Other examples of chemical reactions are
reforming processes of fuels, preferably of hydrocarbons.
These chemical reactions are mentioned by way of example
only. Further chemical reactions may depend on the content of
the exhaust fluid as well as of the composition of the hot

gas.

The energy required for starting and upkeeping a chemical
reaction, especially an oxidation reaction of the exhaust
fluid in the hot gas may be delivered by the hot gas only.
Heat gained by the oxidation process or by another exothermic
process further supports the oxidation process or the other
chemical reaction taking place in the second conduit.
Reaction heat may also heat up the hot gas, which is then -
together with the hot gas - used in the heat exchanging

process to heat up the cool fluid in the first conduit

The term “arranged within the maximum longitudinal
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extension for a heat exchanging process in the apparatus” is
not limited to a feature, for example to the more than one
openings being arranged in the heat conductive element
itself. The term rather describes a region in the apparatus,
which region is in one dimension (or length) limited by the
length of the heat conductive element. A location of a
feature being “arranged within the maximum longitudinal
extension” is therefore not arranged in an area outside (only
with respect of the longitudinal direction) of the two
longitudinal ends of the heat conductive element but within
this region, for example parallel to the heat conductive

element.

The more than one openings may be arranged in the heat
conductive element, for example constructed as holes in a
heat conductive plate, or parallel to the heat conductive
element, for example arranged in a wall of a separate conduit
guiding the exhaust fluid, which wall is not (necessarily)
part of the heat conductive element. Preferably, the more
than one openings are arranged downstream of the hot gas
inlet. In preferred embodiments of the apparatus according to
the invention, a plurality of openings is arranged along a
length of the third conduit. For example, the plurality of
openings may be arranged across a width or part of the width
of the apparatus, such as the width or part of the width of

the heat conductive plate.

The provision of more than one or a plurality of openings
in the third conduit supports a mixing of the exhaust fluid
passing through said plurality of openings: the exhaust fluid
is guided into the hot gas at several locations. By
additionally arranging the plurality of openings along the
length of the third conduit, the exhaust fluid is guided into
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the hot gas at locations arranged along the length of the
third conduit, which may be the width or part of the width of
the apparatus, for example the width or part of the width of
a heat conductive element or heat conductive plate or an
entire width of a second conduit. For example, one row of
holes of a size of about 1 mm may be arranged evenly over
preferably an entire width of the second conduit. For
example, one row of ten or twenty holes may be arranged at a
same longitudinal position with respect to the second

conduit.

According to an aspect of the apparatus according to the
invention, the exhaust fluid inlet is arranged within the
maximum longitudinal extension for a heat exchanging process
in the apparatus. By this, not only the more than one
openings but also the exhaust fluid inlet is arranged within
the maximum longitudinal extension. The exhaust fluid inlet
is favorably arranged parallel to the heat conductive
element, for example at one end of the maximum longitudinal
extension close to the hot gas inlet or versus the center of
the maximum longitudinal extension or between the one end and
the center. Thus, the exhaust fluid may be introduced into
the apparatus at a position, where a heat transfer from the
hot gas may already have started. This may be advantageous,
in that the exhaust fluid may already have been heated up
through the heat conductive element, in that a heat transfer
to the cool fluid has already cooled down the hot gas and
rapid oxidation or other exothermic chemical reaction of
exhaust gas is prevented or minimized, in that the apparatus
may be constructed in a compact manner, or by a combination

of the aforementioned advantages.

The exhaust fluid is 1led into the apparatus at the
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exhaust fluid inlet and is guided in the third conduit to the
more than one openings of the third conduit. The more than
one openings may be arranged downstream of the hot gas inlet
such that an exhaust fluid is directly introduced into hot
gas and a mixing of exhaust £fluid and hot gas occurs
immediately upon introduction of the exhaust fluid into the
second conduit. The flow of the hot gas carries the exhaust
fluid along the flow direction of the hot gas in the second

conduit.

In an aspect of the apparatus according to the invention,
the third conduit is arranged in a direction perpendicular to
a direction of the first or second conduit. With a
perpendicular arrangement of the third conduit to either the
first conduit or the second conduit or both a space saving
arrangement of the third conduit in or next to a first or
second conduit may be achieved. The third conduit may be
arranged in the apparatus withcout or without noticeably
shortening the length of the first or second conduit,
respectively. In addition, a perpendicular arrangement allows
for the provision of a plurality of openings extending across
a width or part of the width of the apparatus and for the
introduction of exhaust fluid intc the hot gas along a whole
width or part of the width of the second conduit, thereby
supporting the mixing of exhaust fluid and hot gas. If third
conduit and second conduit are arranged perpendicular to each
other, a line of openings arranged along the length of the
third conduit is at the same time arranged at a same
longitudinal position of the second conduit. By such an
arrangement, manufacturing of the individual elements of the

apparatus according to the invention is facilitated.

According to an aspect of the apparatus according to the
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invention, the first conduit and the third conduit are
arranged on a same side of the heat conductive element and
the more than one openings for the passing of the exhaust
fluid from the third conduit into the second conduit is
arranged in the heat conductive element. By this arrangement,
the cool fluid and the exhaust fluid are guided on a same
side of the heat conductive element in the respective first
and third conduits. Separate conduits for the cool fluid and
the exhaust fluid can be realized by simple constructional
means. In addition, the exhaust fluid may be introduced into
the apparatus on the ‘cool’ side of the heat exchanger,
preventing or limiting a chemical reaction, especially an
exothermic chemical reaction such as for example oxidation
before mixing of the exhaust fluid with the hot gas. By
passing the exhaust fluid through more than one openings in
the heat conductive element, the second conduit may be devoid
of any obstructions. Due to the low density of the hot gas
such obstructions in the second conduit might lead to a

pressure drop over the second conduit.

Between the first conduit and the third conduit a fluid-
tight separation element may be arranged for a fluid-tight
separation of the first conduit and the third conduit. The
first and third conduits are preferably arranged adjacent to
each other and separated only by the fluid-tight separation
element such that no fluid is exchanged from the first to the
third conduit or vice versa. A separation element may be a
spacer, for example in the form of a bar. Such a spacer may
also define a dimension of the conduits, for example the

height or thickness of the conduits.

According to another aspect of the apparatus according to

the invention, the second conduit and the third conduit are
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arranged on a same side of the heat conductive element. Such
an arrangement provides flexibility in the location of the
more than one openings, where exhaust fluid enters the second
conduit and actually mixes with the hot gas. For example, by
arranging the third conduit more or less downstream of the
hot gas inlet, for example adjacent the hot gas inlet or near
half the length of the second conduit, a heat transfer and a
reaction process may be optimized. If the third conduit is
arranged further downstream of the hot gas inlet, the
temperature of the hot gas has already cocled down. Thereby,
a temperature for an exothermic chemical reaction may be held
in a desired range. Also, the temperature of the hot gas at
the hot gas inlet may be higher without causing excess
chemical reactions already at the exhaust fluid inlet or at

the more than one openings.

In addition, by arranging the third conduit and the
second conduit on the same side of the heat conductive
element, a first conduit for guiding the cool fluid may be
extended. It may especially be extended to essentially a
complete length of an apparatus, such that for example the
whole length of the heat conductive element may be used for

the heat exchanging process.

According to a further aspect of the apparatus according
to the invention, the heat conductive element 1s a heat
conductive plate arranged between a first and a second side
plate. The heat conductive plate and the first and second
side plates are arranged at a distance to each other forming
a first gap between the first side plate and the heat
conductive plate and forming a second gap between the heat

conductive plate and the second side plate.

Plate heat exchangers are very effective due to their
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large surface areas useable for heat transfer. The
manufacture of plate arrangements 1is convenient and may
easily be extended to multiple-stacks. 1In addition, by
providing two conduits on one side of the heat exchanging
plate and one conduit on the opposite side of the heat
exchanging plate, no further plates for conduits for an
additional or separate cooling/heating or for a separate
exhaust gas flow is required. This simplifies a manufacturing
and make the apparatus according to the invention very

compact.

In one embodiment according to this aspect the first gap
is separated by the fluid-tight separation element into the
first conduit and the third conduit. The second conduit is
formed by the second gap and the more than one openings are
arranged in the heat conductive plate. In the first gap being
separated by the fluid-tight separation element, one part the
gap forms the first conduit and another part of the gap forms
the third conduit. In order for the exhaust fluid to pass
from one side of the heat conductive plate to the other side
of the heat conductive plate into the hot gas in the second
conduit, the more than one openings are arranged in the heat
conductive plate. In this arrangement the second gap forms
the second conduit. Therein the hot gas may flow, essentially

undisturbed, from the hot gas inlet to the hot gas outlet.

A third conduit may also be integrated into a first
conduit. By this, a first conduit may extend over the length

or part of the length of the heat conductive element.

In another embodiment according to this aspect the first
conduit is formed by the first gap and the second conduit is
formed by the second gap, while the third conduit is arranged

in the second conduit. Integrating the third conduit into the
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second conduit allows providing a second conduit having a
same length than without the presence of a third conduit in
the second conduit, which length favorably corresponds to the
length of the heat conductive plate. Hot gas then flows past
the third conduit, which may cause turbulences and support a
mixing of exhaust fluid released from the third conduit with

the hot gas in the second conduit.

According to a further aspect of the apparatus according
to the invention, the second conduit comprises a
catalytically active element for a further chemical reaction

such as an oxidation of the exhaust fluid/hot gas mixture.

To further support the chemical reaction such as an
oxidation process of the exhaust fluid/hot gas mixture - or
in case the temperature of the hot gas is not sufficient for
a chemical reaction or to completely react the exhaust fluid
-, a catalytically active element may be arranged in the
second conduit. Such a catalytically active element may be
arranged in a limited area of the second conduit and may be
arranged downstream of the exhaust fluid inlet and especially
downstream of the more than one openings. A catalytically
active element is preferably arranged such, for example in a
middle portion of the second conduit, so as to make use of
reaction heat in the heat exchanging process. The term
‘middle portion’ preferably defines a region of the second
conduit, which region extends over about 50% of the total
length of the second conduit and which is arranged around
mid-length of the second conduit. However, a catalytically
active element may also be arranged as far upstream as for
example to correspond to the position of the first conduit or
to substantially directly correspond to the injection

position for the exhaust gas.
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A catalytically active element may be a catalytically
active coating of a section of a wall of the second conduit.
A coating does not or not remarkably enhance the resistance
of a fluid flow in the second conduit. In addition, a coating
may be applied to a conduit wall before assembly of the

apparatus.

According to an aspect of the apparatus according to the
invention, the ccol fluid inlet and the hot gas outlet are
arranged at one end portion of the apparatus and the cool
fluid outlet, the hot gas inlet, the exhaust fluid inlet and
the more than one openings are arranged at an opposite end
portion of the apparatus. An end portion of the apparatus may
especially be a top portion of the apparatus and an opposite
end portion of the apparatus may be a bottom portion of the

apparatus.

By arranging inlets and outlets for the cool fluid and
the hot gas on opposite end portions of the apparatus, the
two fluids of the heat exchanging process are guided through
the apparatus in a counter-flow direction. This is a
favorable flow direction in heat exchangers for a maximal
heat transfer from the hot gas to the cool fluid. 1In
addition, arranging inlets and outlets of conduits on
opposite end portions, a maximal extension of the apparatus
(at maximum the whole length of the heat conductive element)
may be used for the heat exchanging process. By arranging the
exhaust fluid inlet and the more than one openings on the
same end portion of the apparatus than the hot gas inlet, a
majority of a length of the second conduit may be used for a
mixing of the exhaust fluid and the hot gas, for oxidation of

the mixture and for a heat transfer to the cool fluid.

By arranging inlets and outlets in top and bottom
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portions, the cool fluid and the hot gas or the mixture,
respectively, essentially have a top-down and bottom-up flow
direction. However, also a horizontal or any other tilted
flow direction is feasible with the apparatus according to

the invention.

An arrangement of inlets and outlets at end portions is
not only favorable for a <counter-flow application as
described above. Also co-flow or cross-flow arrangements may
be preferred depending on the application. For example in a
co-flow arrangement, hot gas and cool fluid essentially run
parallel. Acceordingly, in a co-flow arrangement a temperature
of a heat conductive element between hot gas and cool fluid
is rather uniform. This may be favorable to enable chemical
reactions to take place on a large surface with about

constant temperature.

The terms ‘end portion’ and ‘opposite end portion’, as
well as ‘top portion’ and ‘bottom portion’ define regions of
the apparatus according to the invention, which regions
extend over one half (upper half, lower half) of the
apparatus and preferably define regions extending over one
third of the apparatus (uppermost third, lowermost third)
starting at one end or an opposite end (bottom, top) of the
apparatus and extend in the direction of the middle of the
apparatus. Therein, the apparatus defines a longitudinal
axis, which 1is arranged vertically in a top-bottom

arrangement.

According to a further aspect of the apparatus according
to the invention, a wall of the second conduit comprises
profile structures for supporting a mixing of the exhaust
fluid with the hot gas. Profile structures may be used to

cause a swirling effect in the second conduit that supports
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the mixing of the exhaust fluid and the hot gas and therefore
may favorably influence the oxidation process of the exhaust

fluid.

Profile structures may be surface structures of a wall or
parts of a wall of the second conduit. Profile structures may
also be profiled walls. Examples of profile structures are a
rough surface, dips, indentations, fins or grooves on a
surface or stamped wave-like or “chevron” pattern. Profile
structures may also enlarge a surface of for example a heat

conductive element thus enhancing a heat exchanging.

According to an aspect of the apparatus according to the
invention, the apparatus further comprises at least one
further heat conductive plate, at least one further side
plate and at least one further exhaust fluid inlet. The at
least one further heat conductive plate and the at least one
further side plate are arranged in an alternating manner and
form at least one further first gap and at least one further
second gap in between the side plates and the at least one
further heat conductive plate. At least one further second
conduit is formed by the at least one further second gap.
More than one further openings for introducing the exhaust
fluid into the at 1least one further second conduit are
arranged within the maximum longitudinal extension for a heat
exchanging process and at substantially a same longitudinal
position with respect to the second conduit. The arrangement
thereby forms a multiple-stack of heat exchanging and fluid

mixing apparatuses.

The plate arrangement of the apparatus according to the
invention allows for an easy extension of the apparatus to
form a multiple-stack of heat exchanging and fluid mixing

apparatuses arranged in parallel. Thereby, the same elements
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are stacked next to each other such that heat exchanging
plates and side plates are arranged in alternating order.
Also the gaps comprising the respective conduits are arranged
in alternating order. By this a very compact arrangement of a
plurality of combined mixers and heat exchangers may be
manufactures. In multiple-stack apparatuses corresponding
inlets and outlets are preferably 3joined in respective
collectors or manifolds. For example in a multiple-stack
having a plurality of N hot gas outlets, the N hot gas
outlets are joined in one collector only. This simplifies the
connection of an apparatus according to the invention to

other devices.

While the apparatus according to the invention may be
manufactured in a cost efficient manner, this cost efficiency
is even more perceivable if a multiple-stack of apparatuses
according to the invention is manufactured. Only two kinds of
plates have to be manufactured, which may be formed by
pressing or cutting. Also same further separating elements
may be used. Only one envelope is required for one apparatus
or a multiple-stack of apparatuses combining heat exchanging
and fluid mixing, since the fluid mixing is integrated into
the heat exchanging. No assembly costs are required for
connecting separate fluid mixers to heat exchangers, as the

apparatus is manufactured as a single component.

The apparatus according to the invention is favourably
used in combination and combined with a or with a plurality
of fuel cells. Examples for such fuel cells are solid oxide
fuel cells (SOFC), alkali fuel cells (AFC), molten carbon
fuel cells (MCFC) and phosphoric acid fuel cells (PAFC). This
combination is described by a solid oxide fuel cell (SOFC),

as one exemplary type of fuel cells. SOFCs are favorable for
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catalytic energy conversion due to their high efficiency.
Since they operate at high temperatures (500-1000 degree
Celsius), no previous reforming of fuel gases containing
carbon to get hydrogen is necessary before the fuel gas may
be used in the fuel cell. However, the oxidant, in general
air or oxygen, needs to be preheated before being supplied to
the SOFC. Heat from the hot depleted air leaving the SOFC may
further be used in the apparatus according to the invention
with its heat exchanging function and cool fluid heated up in
the apparatus according to the invention may directly be used
as preheated air for the SOFC. In addition, the fuel
remaining in the depleted fuel leaving the SOFC may also be
used by connecting a depleted fuel outlet of the SOFC to the

exhaust fluid inlet.

Accordingly, the respective inlets and outlets of the
SOFC may be connected to the respective inlets and outlets of
the apparatus according to the invention. Therein, the cool
fluid outlet of the first conduit is connected to an air
inlet of the solid oxide fuel cell and an air outlet of the
solid oxide fuel cell is connected to the hot gas inlet of
the second conduit. A depleted fuel outlet of the solid oxide
fuel cell is connected to the exhaust fluid inlet. A cool
fluid inlet and a hot gas outlet of the apparatus according
to the invention may not be connected to another device or

apparatus, but left open to the environment.

Especially in applications where the apparatus according
to the invention is connected with a device that has to reach
a certain operation temperature above ambient temperature,
for example a fuel cell operating at elevated temperatures,
an exhaust fluid may alsoc be a fuel that is not depleted. The

reaction heat produced by for example oxidizing the fuel is
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exchanged with the cool fluid, which is heated up fast due to
the higher energy density of fuel compared to depleted fuel.
In conventional applications special start burners, for
example gas burners or electric burners, are used to preheat
a hot gas from 20 to about 800 degrees Celsius, which hot gas
may then ©be introduced into the heat exchanger. In
combination with the apparatus according to the invention, a
small amocunt of (non-depleted) fuel may be used at the start
of an operation, such that start burners may be omitted, may
have a simpler construction (less power required) or that
regular start burners may be used for a reduced service time,
for example for only a few minutes to preheat hot gas to a

temperature of about 200 degrees Celsius only.

In the following embodiments of the apparatus according
to the invention are shown by means of the enclosed drawings,

wherein:

Fig. 1 shows an exploded view of an embodiment of the

apparatus;

Figs. 2,3,4 show further views of the embodiment of Fig. 1
with collectors at inlets and outlets, wherein
Fig. 2 is a front view through a plate stack as
in Fig. 1, Fig. 3 is a longitudinal cut side
view along lines A-A, and Fig. 4 is an enlarged

view of detail B of Fig. 3;

Fig. 5 is a sketch of another embodiment of the
apparatus;

Fig. 6 is a cross sectional view of the embodiment of
Fig. 5;

Fig. 7 shows a simulation of a fluid introduced into

hot gas through a row of openings in a heat
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In Fig. 1 an embodiment of a plate heat exchanger and fluid
mixer is shown. Three plates 1,2,3 are arranged next to each
other in a face to face manner. The plates are distanced by
spacers 41,43,51 forming gaps 4,5 in between the plates 1,2,3.
A first gap 4 is formed between the first plate 1 and the
gsecond (middle) plate 2 and a second gap 5 is formed between
the second plate 2 and the third plate. Second gap 5 forms a
gsecond conduit 55 provided for guiding a hot gas (the flow
direction of the hot gas is indicated by dark arrows 56), for
example hot air, through second conduit 55. First gap 4 1is
divided by a spacer 43 into an upper section and a lower
section. The upper section of the first gap 4 forms a first
conduit 44 provided for guiding a cool fluid 49 (the flow
direction of the cool fluid is indicated by long light arrows),
for example cool air, through the first gap 4. The second plate
2 1s a heat conductive plate comprising or made of a heat
conductive material for transferring heat from the hot gas
guided in the second conduit 55 to the cool fluid guided in
the first conduit 44. The length L of the heat conductive plate
2 defines a maximum longitudinal extension 22 for a heat
exchanging process in the apparatus. This arrangement works as

a heat exchanger.

The lower section of the first gap 4 forms a third conduit
45. The spacer 43 sgeparating the third conduit is preferably
horizontally arranged and extends over the whole width W of
the heat conductive plate 2. This spacer 43 is arranged such
as to preferably form a gas-tight and fluid-tight separation
between first and third conduit 44, 45. The third conduit 45
is provided for guiding an exhaust fluid (the flow direction

of the exhaust fluid 42 is indicated by small arrows), for
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example an exhaust gas or a depleted fuel.

The heat conductive plate 2 is provided with a plurality
of openings 21, for example a line of perforations. This line
preferably extends along the length of the third conduit 45,
which corresponds to the width W of the heat conductive plate
2. The openings 21 are arranged in a row at a same longitudinal
position of the embodiment of Fig.l. This corresponds to the
same longitudinal position of the second conduit 55 such that
exhaust gas 42 is introduced into the second conduit 55 at a
same longitudinal position or - due to the second conduit being
a straight conduit, - a length of the second conduit 55
measured from a hot gas inlet 52. Injected exhaust gas 42
reaches the region which is cooled by the cool fluid and the
catalytically active section 54 at substantially the same time
after injection, independent of which opening 21 the exhaust
gas 42 is injected. By this, a controlled injection of exhaust
gas into the hot gas of the second conduit 55 may be provided.
The openings 21 are preferably evenly distributed across the
width W, support an even and thorough mixing of the exhaust
fluid with the hot gas, which further supports a controlled
chemical reaction and heat exchange in the apparatus according

to the invention.

The exhaust fluid enters the third conduit 45 by an exhaust
fluid inlet 46 arranged in the bottom portion of the apparatus
and in a front side of the first gap 4 (with respect to Fig.1l).
The exhaust fluid leaves the third conduit 45 through the
plurality of openings 21 in the heat conductive plate 2 and
enters the second conduit 55. The exhaust fluid mixes with the
hot gas flowing in the second conduit (this mixing is indicated
by the dark arrows 56 turning to light arrows). The hot gas

enters the second conduit 55 by a hot gas inlet 52 and flows
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to the top side of the apparatus to the hot gas outlet 53. The
hot gas -now cooled- and any reaction products as there may
be, for example water, carbon dioxide etc., leave the second

conduit 55 by the hot gas outlet 53.

The hot gas inlet 52 i1s arranged in the bottom side of the
apparatus and essentially extends over the whole width of the
bottom side. The hot gas outlet 53 is arranged in the top side
of the apparatus and essentially extends over the whole width

of the top side.

The exhaust fluid inlet 46 and the plurality of openings
21 are arranged in the bottom portion of the apparatus. By
this the mixing of exhaust fluid with hot gas starts at one
end portion of the apparatus and the exhaust fluid/hot gas
mixture 1is guided along most of the length of the second
conduit 55. Therein, most of the surface of the heat exchanging
plate 2 may be used for a heat exchange from hot gas to cool
fluid via heat exchanging plate and most time that the mixture
spends in the second conduit 5 may be used for a chemical
reaction, preferably an exothermic chemical reaction such as

an oxidizing process.

In order to ensure that an exhaust fluid is oxidized, for
example if the temperature of the hot gas is not sufficient to
start or maintain an oxidizing reaction, the second conduit 55
is provided with a catalytically active section 54, for example
a catalytically active coating on the surface of the third
plate 3. This catalytically active section 54 1is arranged
downstream (with respect to the flow direction of the hot gas)
of the plurality of openings 21. Preferably, the catalytically
active section 54 extends over a middle portion of the second
conduit 55, such as to allow for a thorough mixing and still

make use of the reaction heat produced by the oxidizing
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reaction of the exhaust fluid in the heat exchanging process.

The cool fluid enters the first conduit 4 by a cool fluid
inlet 47 arranged in a top portion of the apparatus and in a
rear side of the first gap 4 (with respect to Fig.1l). The cool
fluid is heated up during its flowing through the first conduit
44 by the heat provided by the heat conductive plate 2, which
is heated up by the hot gas guided in the second conduit 55 on
the other side of the heat conductive plate 2. The cool fluid,
- which is named cool fluid before entering and after leaving
the heat exchanging and fluid mixing apparatus for simplicity
reasons - 1s heated for example to a few hundred degrees
Celsius. It leaves the first conduit 44 by a cool fluid outlet
48 arranged in the bottom portion and in the front side of the
apparatus (with respect to Fig.l). Thie heated cool fluid may
further be used, for example as heat source in air-conditioning
or - as in preferred embodiments - as a preheated air source

for a fuel cell.

An upstream end of the catalytically active element 54 may
directly correspond to a most downstream longitudinal position
of the first conduit 44. By this, a reaction in the second
conduit 55 is controlled by its initiation or further support
at a specific longitudinal position in the apparatus. In
addition, the reaction heat is directly led away by the cool
fluid in the first conduit. That 1is, no excessive heat 1is
produced in the second conduit, which is not led away directly

and also in a controlled manner.

In Figs. 2 to 4 the apparatus of Fig. 1 in a mounted state
including collectors 57-61 at the inletsg and outlets is shown.
Same reference numbers as in Fig. 1 are used for the same or

similar features.

In Fig. 1 and Fig. 2 all inlets and outlets are arranged
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within the maximum longitudinal extension 22 for a heat
exchange (hot gas inlet and outlet are arranged at the
outermost end of the extension 22). In Figs. 2 and 3 a hot gas
inlet collector 58 and hot gas cutlet collector 57 is arranged
adjacent the maximum longitudinal extension 22 with respect to
the 1longitudinal direction of the apparatus, for example
upstream or downstream of the extension 22 with respect to the
hot gas flow. Such collectors are favourably used for an
apparatus built as multiple-stack. For example an apparatus
according to the invention having a plurality N of second
conduits 55 also comprises a plurality of N hot gas outlets
53. However, the plurality of N hot gas outlets 53 is brought
together at the one hot gas outlet collector 57. The same may
equally be adapted to the hot gas inlets 52, cool fluid inlets
47 and cool fluid outlets 48, as well as exhaust fluid inlets
46. Therein, the number N of the plurality of second conduits,
a number M of a plurality of first conduits and a number L of
a plurality of third conduits may be equal or differ from each

other.

The through view of the apparatus in Fig. 2 shows the flows
of the individual fluids. The hot gas - indicated by dark
arrows 56 - enters the apparatus at the hot gas inlet collector
58 arranged over the whole bottom side of the apparatus and
slightly outside or upstream of the maximum longitudinal
extension 22, flows upwardly and leaves the apparatus at the
hot gas outlet collector 57, which is alsc arranged over the
whole top side of the apparatus and slightly outside or
downstream of the maximum longitudinal extension 22. The cool
fluid 49 -indicated by light arrows - enters the apparatus at
the cool fluid inlet collector 59, which is arranged in the
top portion of the apparatus on one side of the apparatus (left

side in Fig. 2) just below the hot gas outlet collector 57 and
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within the maximum longitudinal extension 22. A spacer 41
closes off the first conduit 44 versus the top of the
apparatus. The cool fluid flows downwardly and leaves the
apparatus at the cool fluid outlet collector 60 arranged on
the opposite side of the apparatus (right side in Fig. 2) in
the bottom portiocn of the apparatus and within the maximum
longitudinal extension 22. The cool fluid outlet collector 60
is arranged above and distanced from the exhaust fluid inlet
collector 61 by the distance of spacer 43. The exhaust fluid
inlet collector 61 is arranged on the same side of the
apparatus (right side in Fig. 2) as the cool fluid outlet
collector 60 and within the maximum longitudinal extension 22,
but might also be arranged in the bottom portion but on the

side of the cool fluid inlet collector 59.

As shown in Fig. 4, which is an enlarged view of detail B
of Fig.3, which itself is a cross section along line A-A of
Fig. 2 - shown for a single stack only for the sake of clarity
-, the exhaust fluid flows in the third conduit 45 formed
between the first plate 1 and the heat conductive plate 2 and
upper and lower spacers 43,41. The exhaust fluid passes through
the plurality of openings 21, which are arranged in one line
and at a same longitudinal position or length in the heat
conductive plate. The exhaust fluid then enters the second
condult 55, mixes with the hot gas and passes the catalytically
active section 54. Oxidation products leave the apparatus
together with the hot gas through the hot gas outlet 53 or hot

gas outlet collector 57, respectively.

Guiding the exhaust fluid on the side of the cool fluid is
favourable because the flow of hot gas in the second conduit
remains undisturbed. Since hot gas generally has a very low

density, obstructions in the flow path may cause an unwanted
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pressure drop over the hot gas conduit.

The inlets and outlets of the conduits end in collectors
and are realized in this embodiment as interfaces extending
upwardly and outwardly of the basically rectangular plates
1,2,3 that form the heat exchanger body. Such interfaces
simplify the connection to corresponding inlets and outlets of
for example an energy converter such as a fuel cell or other
devices the apparatus according to the invention may be

connected to.

In Figs. 5 and 6 another embodiment of the apparatus
according to the invention is shown, wherein the third conduit
45’ is arranged in the second conduit 55’ guiding the hot gas.
The apparatus is arranged in a horizontal posgition, such that
a cool fluid/hot gas flow for the heat exchanging process
occurs in a counter-flow left-right/right-left direction along
a length of the rectangular plates. Again, same reference
numpbers are used for same or similar features. Broad dark
arrows 56 indicate hot gas flow, narrow dark arrows indicate
cool fluid flow 49 and small arrows indicate exhaust fluid

flow 42.

In this embodiment a heat exchanging process from the hot
gas to the cool fluid through contact with the heat conductive
plate 2’ takes place over the maximum longitudinal extension
22. It takes place over the whole length L of the heat
conductive plate since hot gas inlet and outlet 52,53 with
corresponding collectors 58,57, as well as cool fluid inlet
and outlet 47,48 with corresponding collectors 60’,59 are

arranged at the ends of the maximum longitudinal extension 22.

The exhaust fluid inlet collector 61’ or the at least one
exhaust fluid inlet 46, is arranged near mid-length of the

apparatus or near half the length L of the heat conductive
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plate 2’ . The third conduit 45’ is integrated into the second
conduit (seen in Fig.6) and extends over the width of second
conduit 55’ and the width W of the heat conductive plate 2’.
The third conduit 45’ is arranged perpendicular to the second
5 conduit 55’ and extends over about half the width of the second
gap 5 between the heat conductive plate 2’ and the second side
plate 3. In the other half of the width of the second gap the
hot gas flows past the third conduit 45’. The third conduit
45’ 1ig provided with a plurality of openings 21’ along the
10 length of the third conduit, arranged on a downstream side
with respect to the second conduit and at a same longitudinal
position. By this exhaust fluid in the third conduit may leave
the third conduit and enter the hot gas in the second conduit
55’ at several locations across the width of the second
15 conduit. The third conduit forms an obstacle in the path of
the hot gas and causes the hot gas and the exhaust fluid to
swirl, which additionally supports the mixing of the two
fluids. For optimizing a pressure drop in the second conduit,
the third conduit may also be limited in length, i.e. not
20 extend over the whole width W of the second conduit. Hot gas
in the second conduit then bypasses the injection and mixing

area.

Since no exhaust fluid needs to pass through the heat

conductive plate 2', no openings are provided therein.

25 The cool fluid outlet 48 and cool fluid outlet collector
59 1is arranged at one end (right side in Fig. 5) of the
apparatus. Thereby, the length of the first conduit 44’, where
cool fluid is guided in, is enlarged to the whole length of
the heat conductive plate 2', enhancing the efficiency of the

30 heat exchanging process.

Arranging the third conduit in the second conduit guiding
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the hot gas in a more central position of the second conduit
allows the arrangement of an injection and mixing of exhaust
fluid in a position of the apparatus with lower temperature
than at the hot gas inlet. If temperatures at the hot gas ihlet
are very high, rapid oxidation of the exhaust fluid may already
occur at the hot walls of the second conduit, thus further
raising the temperatures. By arranging the third conduit
further downstream of the hot gas inlet an oxidation
temperature may be chosen and adapted to a corresponding
application of the apparatus according to the invention.
Especially, the apparatus according to the invention may be
used in more extreme conditions, such as higher initial

temperatures of the hot gas.

It can be seen, that an exhaust fluid inlet may also be
arranged in the second conduit at the same longitudinal
position than the hot gas inlet at the one end of the heat
conductive plate 2', 1.e. at the one end of the maximum
longitudinal extension 22. In such an arrangement, the more
than one openings for introducing the exhaust fluid into the

second conduit may be identical to the exhaust fluid inlet.

In Fig. 6 the apparatus 1is shown as multiple-stack. A
further heat conducting plate 200 and a further side plate 300
is stacked on top of the stack of plates 2’,3 (lowermost side
plate 1 not shown) of a basic stack for example as shown in
Fig. 1. Corresponding further first and second gaps are formed.
A further third conduit 45’ provided with openings 21’ 1is

arranged in the further third conduit 45’.

Also the apparatus as shown in Figs. 1 to 3 may be extended
to a multiple stack of heat exchanging and fluid mwixing
apparatuses. Therein further heat exchanging plates having

openings are provided and further spacers are arranged in
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respective locations.

In Fig. 7 a simulation of a fluid introduced into hot gas

through openings 21 in a heat exchanging element, preferably

a plate, is shown. The simulation shows the example of an anode

5 gas containing hydrogen and other components such as CO, CO2
and water. The anocde gas is introduced into a cathode gas,
which is at a temperature of 700 degree Celsius. The cathode

gas contains oxygen, N2 and water. The water is provided in

the form of steam or vapour. At these temperatures and at a

10 given concentration of hydrogen and oxygen used for the
simulation, ignition of the gas mixture starts after 5 ms after
introduction of the anode gas into the cathode gas. In the
figure, streamlines 66 representing the gas flow are depicted

in grey shades, which shades change from the point of injection

15 21 with time (dark at injection 21; dark after 5ms). The
streamlines 66 end after 5 ms after injection. Depending on

the kind of spreading of the gas flow after its injection and
turbulences, a flow advances further downstream into the
apparatus as 1s indicated by the different lengths of

20 streamlines 66. A flow direction is indicated by arrow 69.

Line 64 indicates the arrangement of the coocl conduit at
a location downstream of the openings 21 and on the opposite
side of the heat exchanging element than the cathode gas.

#220141¢6
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That is, line 64 indicates the section of the apparatus,
where the hot cathode gas now mixed with the anode gas starts
to get cooled via the heat exchanging element. Accordingly,
the position of the cocol conduit may be chosen such as to be
optimized on the temperature and other parameters of the
reaction to be performed in the apparatus. In the present
example, the cool conduit is arranged such as to correspond
to a distance that the introduced flow reaches at or
preferably after 5ms after injection of the anode gas. By
this no combustion occurs without cooling. Preferably line 64
also indicates the upstream end of a catalytically active
coating in the hot conduit. The catalytically active coating
is arranged preferably such that ignition only starts at the

catalytically active heat exchanger region.

It can be seen in fig. 7 that most streamlines 66 reach
line 64 when or shortly before 5 ms have passed after the
time of injection. At this moment the gas reaches the
section, where the gas is cooled by the cooling fluid. At the
same time the gas would start combusting, which combustion
reaction 1s additionally supported or induced Dby the
catalytically active coating that starts in this area.
However, due to the cocoling action, the chemical process
becomes rather a quite oxidation reaction than a combustion.
By this, excessive heat caused by the oxidation reaction is
used and led away in the heat exchanger. No uncontrolled
reaction occurs that might possibly damage the apparatus. The
coating additionally supports the controlled combustion of

the gas mixture.

The invention has been described with reference to the
embodiments shown in the drawings. However, it is obvious to

a person skilled in the art that many variations,
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modifications or changes are possible without departing from
the scope of the invention. By way of example only, the
arrangement of inlets and outlets may vary. For example the
inlets, outlets and collectors may be arranged differently,
also for example perpendicular to side plates. Also, the
manner how the conduits are embodied may be different from
the conduits actually shown in the drawings. All such
variations, modifications or changes are intended to be
within the scope of the invention which is defined by the

appended claims.
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Claims

Combined heat exchanging and fluid mixing apparatus
comprising:

- a first conduit (44,44’) for guiding a cool fluid
through the first conduit, the first conduit comprising

a cool fluid inlet (47) and a cool fluid outlet

(48,48") ;
- a second conduit (55,55’) for guiding a hot gas
through the second conduit, the second conduit

comprising a hot gas inlet (52) and a hot gas outlet
(53);

- a heat conductive element (2,2’') arranged between the
first conduit (44,44'’) and the second conduit (55,55")
for transferring heat from the hot gas to the cool
fluid, the heat conductive element having a length (L)
defining a maximum longitudinal extension (22) for a
heat exchanging process in the apparatus, the apparatus
further cowmprising

- a third conduit (45,45’) for guiding an exhaust fluid,
the third conduit (45,45’) comprising an exhaust fluid
inlet (46) arranged at one end of the third conduit
(45,45’) for introducing the exhaust £fluid into the
apparatus for mixing of the exhaust fluid with the hot
gas and for a chemical reaction of the so formed exhaust
fluid/hot gas mixture in the second conduit (55,55’),
wherein the third conduit (45,45') 1is provided with
more than one openings (21,21') for passing the exhaust
fluid from the third conduit (45,45’) into the second
conduit (55,55"),

wherein the more than one openings (21,21') for
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introducing the exhaust fluid into the second conduit
are arranged within the maximum longitudinal extension

(22) for the heat exchanging process in the apparatus,

and wherein the more than one openings (21,21') are
5 arranged at substantially a same longitudinal position
with respect to the second conduit (55,55’), and are

arranged along a length of the third conduit (45,45'),
and that the third conduit is arranged on a same side
of the heat conductive element (2,2’) as the first

10 condulit (44,44’) or as the second conduit (55,55’).

2. Apparatus according to claim 1, wherein the exhaust
fluid 1inlet (46) 1s arranged within the maximum
longitudinal extension (22) for the heat exchanging

process in the apparatus.

15 3. Apparatus according to claim 1 or 2, wherein the more
than one openings (21,21’) are arranged downstream of

the hot gas inlet (52).

4. Apparatus according to any one of claims 1 to 3, wherein
the third conduit (45,45’) is arranged in a direction
20 perpendicular to a direction of the first or second

conduit (44,44', 55,55') .

5. Apparatus according to any one of claims 1 to 4, wherein
the more than one openings (21,21’) is arranged in the

heat conductive element (2).
25 6. Apparatus according to any one of claims 1 to 5, wherein

a fluid-tight separation element (43) 1is arranged

between the first conduit (44) and the third conduit
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(45) for a fluid-tight separation of the first conduit
(44) and the third conduit (45).

7. Apparatus according to claim 5 or 6, wherein the heat
conductive element (2) is a heat conductive plate

5 arranged between a first and a second side plate (1,3),
the heat conductive plate (2) and the first and second

side plates (1,3) being arranged at a distance to each

other forming a first gap (4) between the first side

plate (1) and the heat conductive plate (2) and forming

10 a second gap (5) between the heat conductive plate (2)
and the second side plate (3), wherein the first gap

(4) is separated into the first conduit (44) and into

the third conduit (45), wherein the second conduit (55)

is formed by the second gap (5), and wherein the more

15 than one openings (21) 1is arranged in the heat

conductive plate (2).

8. Apparatus according to any one of claims 1 to 4, wherein

the heat conductive element (2,2’) is a heat conductive

plate arranged between a first side plate (1) and a

20 second side plate (3), the heat conductive plate (2,2’)
and the first and second side plates (1,3) being

arranged at a distance to each other forming a first

gap (4) between the first side plate (1) and the heat

conductive plate (2,2’') and forming a second gap (5)
25 between the heat conductive plate (2,2’) and the second
side plate (3), wherein the first conduit (44') 1is

formed by the first gap (4) and the second conduit (55')
is formed by the second gap (5), while the third conduit

(45') 1is arranged in the second conduit (557).
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9. Apparatus according to any one of claims 1 to 8, wherein
the second conduit (55,55%') comprises a catalytically

active element (54) for further chemical reaction.

10. Apparatus according to claim 9, wherein an upstream end

5 of the catalytically active element (54) is arranged at
a position, which position substantially corresponds to

a most downstream position of the first conduit (44,

447) .

11. Apparatus according to any one of c¢laims 1 to 10,
10 wherein
- the cool fluid inlet (47) and the hot gas outlet (53)

are arranged at one end portion of the apparatus; and

- the cool fluid outlet (48), the hot gas inlet (52),
15 the exhaust fluid inlet (46) and the more than one
openings (21,21') are arranged at an opposite end

portion of the apparatus.

12. Apparatus according to any one of claims 1 to 11,
wherein a wall of the second conduit (55,55’) comprises
20 profile structures for supporting a mixing of the

exhaust fluid with the hot gas.

13. Apparatus according to claim 7 or 8, further comprising

- at least one further heat conductive plate (200);
25 - at least one further side plate (300);

the at least one further heat conductive plate (200)

and the at least one further side plate (300) being

arranged in an alternating manner and forming at least
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one further first gap and at least one further second

gap 1in between the side plates and the at least one

further heat conductive plate, at least one further

second conduit being formed by the at least one further
5 second gap;

- at least one further exhaust fluid inlet; and

- more than one further openings for introducing the

exhaust fluid into the at least one further second

conduit, the more than one further openings being
10 arranged within the maximum longitudinal extension (22)

for the heat exchanging process and at substantially a

same longitudinal position with respect to the second

conduit;

thereby forming a multiple-stack of heat exchanging and

15 fluid mixing apparatuses.

14. Apparatus according to claim 8, wherein the chemical
reaction is oxidation of the exhaust fluid/hot gas

mixture.
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