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Combustion and Heat Exchange Assembly and SOFC System

TECHNICAL FIELD

The present invention relates to the technical field of fuel cells, more specifically to a

combustion and heat exchange assembly and a solid oxide fuel cell (SOFC) system.

BACKGROUND ART

An SOFC (solid oxide fuel cell) system is a fuel cell using solid oxide as an electrolyte
and working at high temperature. The SOFC system comprises a burner and an air heat
exchanger. The burner is a component for combustion and exhausting, and the air heat

exchanger mainly uses the exhaust of the burner to heat intake air.

In the known art, the burner is connected to the air heat exchanger through a pipeline. The
burner and the air heat exchanger arranged in this way have a large volume. A large

volume and weight is not conducive to arranging the SOFC system in a vehicle.

SUMMARY OF THE INVENTION

A first object of the present invention is to provide a combustion and heat exchange
assembly with a structure designed to effectively solve the problem of a large volume of
the burner and the air heat exchanger, which is not conducive to arrangement in a vehicle.
A second object of the present invention is to provide an SOFC system comprising the

foregoing combustion and heat exchange assembly.

A first aspect of the invention provides a combustion and heat exchange assembly of an

SOFC system, comprising;

a casing and a partition arranged inside the casing, wherein the partition divides the

interior of the casing into a combustion chamber and a heat exchange chamber;

a combustion unit arranged inside the combustion chamber, wherein the combustion unit

comprises an igniter, a combustion nozzle, a fuel gas supply pipe, and an air director,
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wherein the combustion nozzle comprises a central cavity and a plurality of tlame
channels in communication with the central cavity, a plurality of through holes for
projecting flames are arranged on a side of the flame channels adjacent to the partition,

and the air director is used for directing air into the central cavity; and

a heat exchange unit arranged inside the heat exchange chamber, wherein the heat
exchange unit comprises a cold channel and a hot channel which are independent of each
other, and a gas flow port in communication with the hot channel is arranged on the

partition.

The combustion unit can further comprise a flame monitor arranged on the upper side of

the combustion nozzle.

The combustion unit can further comprise a flame holder arranged on a side of the

combustion nozzle adjacent to the partition.

A cross section of the flame holder can be in a shape of a continuous W, in which case the
flame holder is internally provided with a plurality of W-shaped channels, an end face of
the flame holder farther from the partition is provided with a plurality of inlets, and an end

face of the flame holder adjacent to the partition is provided with a plurality of outlets.

The combustion unit can further comprise a catalytic burner arranged on a side of the
combustion nozzle adjacent to the partition, wherein the catalytic burner has a porous plate

structure, and the porous plate structure is coated with a catalyst.

The combustion and heat exchange assembly can further comprise an air shunt, which
comprises a first outlet and a second outlet, in which case the combustion and heat
exchange assembly further comprises an isolation hood arranged inside the combustion
chamber, wherein the isolation hood covers above the igniter, the air director, and the
combustion nozzle, the first outlet of the air shunt is in communication with the interior of
the isolation hood and with the air director, the second outlet of the air director is in
communication with the exterior of the isolation hood, and the combustion tail gas
discharged from the isolation hood enters the hot channel after being mixed with the air

outside the isolation hood.

The fuel gas supply pipe can comprise a convergence section and a sub-supply section,

and the sub-supply section comprises a first pipe and a second pipe arranged in parallel.
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The heat exchange unit can comprise a plurality of heat exchange fins.

The flame channels can include an annular channel and a plurality of radial channels,
wherein one end of each of the radial channels is in communication with the central cavity

and the other end is in communication with the annular channel.

A second aspect of the invention provides an SOFC system comprising the combustion

and heat exchange assembly.

The combustion and heat exchange assembly of an SOFC system provided by the present
invention comprises a casing, a partition, a combustion unit and a heat exchange unit. The
partition is arranged inside the casing and divides the interior of the casing into a

combustion chamber and a heat exchange chamber.

The combustion unit is arranged inside the combustion chamber and comprises an igniter,
a combustion nozzle, a fuel gas supply pipe, and an air director. The igniter is used for
igniting fuel gas. The combustion nozzle comprises a central cavity and a plurality of
flame channels in communication with the central cavity, and a plurality of through holes
for projecting flames are arranged on a side of the flame channels adjacent to the partition.
Fuel gas is mixed with air in the central cavity and is ignited in the central cavity. The air
director is used for directing air into the central cavity. The fuel gas supply pipe is used for

supplying fuel gas into the central cavity.

The heat exchange unit is arranged inside the heat exchange chamber and comprises a cold
channel and a hot channel which are independent of each other. A gas flow port in
communication with the hot channel is arranged on the partition. In other words, the tail

gas inside the combustion chamber can enter the hot channel via the gas flow port.

When the combustion and heat exchange assembly provided by the foregoing embodiment
is applied, the air director is used to direct air into the central cavity, the fuel gas supply
pipe supplies fuel gas to the central cavity, the igniter ignites the fuel gas inside the central
cavity, and the ignited fuel gas enters the plurality of flame channels and then is spurted
out from the through holes on the combustion nozzle. The tail gas inside the combustion
chamber enters the hot channel via the gas flow port. The combustion tail gas inside the
hot channel exchanges heat with the fluid inside the cold channel to raise the temperature
of the fluid inside the cold channel and achieve the purpose of heat exchange. Specifically,

the fluid inside the cold channel can be fresh air entering a solid fuel cell stack. In other
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words, before entering the stack, the air is heated inside the cold channel. The air entering
the combustion chamber can be the air left after fuel cell reactions, i.e., the air entering the

combustion chamber is gas discharged from the stack.

The present invention further comprises an SOFC system. The SOFC system comprises
any of the foregoing combustion and heat exchange assemblies. As the combustion and
heat exchange assemblies possess the stated technical effects, the SOFC system
comprising any of the combustion and heat exchange assemblies will also possess the

corresponding technical effects.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings in the following description show some embodiments of the present

invention.

Fig. 1is a structural schematic view of a combustion and heat exchange assembly.

Fig. 2 is another structural schematic view of a combustion and heat exchange assembly.
Fig. 3 is a gas flow diagram of a combustion and heat exchange assembly.

Fig. 4 is another gas flow diagram of a combustion and heat exchange assembly.

Fig. 5 is a structural schematic view of an air shunt.

Fig. 6 is a structural schematic view of a combustion nozzle.

Fig. 7 is a structural schematic view of a catalytic burner.

Fig. 8 is a structural schematic view of a heat exchange unit.

The following reference numerals are used in Fig. 1 to Fig. 8: 1-casing, 2-heat exchange
unit, 2a-heat exchange fin, 3-catalytic burner, 4-isolation hood, 5-igniter, 6-first pipe,
7-second pipe, 8-stack air outlet, 9-air shunt, 9a-first outlet, 9b-second outlet,
10-combustion nozzle, 10a-annular channel, 10b-radial channel, 11-flame holder,

12-partition.

DETAILED DESCRIPTION
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A first object of the present invention is to provide a combustion and heat exchange
assembly with a structure designed to effectively solve the problem of a large volume of
the burner and the air heat exchanger, which is not conducive to arrangement in a vehicle.
A second object of the present invention is to provide an SOFC system comprising the

foregoing combustion and heat exchange assembly.

Embodiments of the present invention will be described below in conjunction with the
drawings. The described embodiments are only some, not all of the embodiments of the

present invention.

In the description of the present invention, terms indicating directional or positional

LR N3 LR N3

relations such as “over,” “on,” “above,” “below,

LR N3 LR N3

under,” “front,” “rear,” “left” and
“right” are based on the directional or positional relations shown in the drawings. They are
only for facilitating and simplifying the description of the present invention, and do not
indicate or imply that the devices or elements in question must possess specific directions
or be constructed and operated in specific directions, so they are not limitations to this
solution. Further, the terms “first” and “second” are for description only and do not
indicate or imply relative importance or implicitly indicate the quantity of the

demonstrated technical features.

As shown in Fig. 1 to Fig. 8, the combustion and heat exchange assembly of an SOFC
system provided by the present invention comprises a casing 1, a partition 12, a
combustion unit, and a heat exchange unit 2. The partition 12 is arranged inside the casing
1 and divides the interior of the casing 1 into a combustion chamber and a heat exchange

chamber.

The combustion unit is arranged inside the combustion chamber and comprises an igniter
5, a combustion nozzle 10, a fuel gas supply pipe, and an air director. The igniter 5 is used
for igniting fuel gas. The combustion nozzle 10 comprises a central cavity and a plurality
of flame channels in communication with the central cavity, and a plurality of through
holes for projecting flames are arranged on a side of the flame channels adjacent to the
partition 12. Fuel gas is mixed with air in the central cavity and is ignited in the central
cavity. The air director is used for directing air into the central cavity. The fuel gas supply

pipe is used for supplying fuel gas into the central cavity.

The heat exchange unit 2 is arranged inside the heat exchange chamber and comprises a
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cold channel and a hot channel, which are independent of each other. A gas tlow port 1n
communication with the hot channel is arranged on the partition 12. In other words, the

tail gas inside the combustion chamber can enter the hot channel via the gas flow port.

When the combustion and heat exchange assembly provided by the foregoing embodiment
is applied, the air director is used to direct air into the central cavity, the fuel gas supply
pipe supplies fuel gas to the central cavity, the igniter 5 ignites the fuel gas inside the
central cavity, and the ignited fuel gas enters the plurality of flame channels and then is
projected from the through holes on the combustion nozzle 10. The tail gas inside the
combustion chamber enters the hot channel via the gas flow port. The combustion tail gas
inside the hot channel exchanges heat with the fluid inside the cold channel to raise the
temperature of the fluid inside the cold channel and achieve the purpose of heat exchange.
Specifically, the fluid inside the cold channel can be fresh air entering a solid fuel cell
stack. In other words, before entering the stack, the air is heated inside the cold channel.
The air entering the combustion chamber can be the air left after fuel cell reactions, i.e.,
the air entering the combustion chamber is gas discharged from the stack. The air director

can be in communication with the stack air outlet 8.

In the combustion and heat exchange assembly provided by the present invention, the
combustion unit and the heat exchange unit 2 are integrated inside the casing 1 to
significantly reduce the volume of the SOFC system and facilitate the use of the SOFC
system in a vehicle. Moreover, the flame inside the combustion chamber is projected from
a plurality of through holes on the combustion nozzle 10 to form thin and short stable
flames, which significantly reduce the length of the flames compared with a large flame in
the prior art, thereby significantly reducing the total length of the combustion chamber
portion and the volume of the SOFC system.

In one embodiment, the combustion unit further comprises a flame monitor arranged on
the upper side of the combustion nozzle 10 to facilitate timely detection of the intensity of

the flame inside the combustion chamber.

Additionally, in order to further ensure flame stability, the combustion unit also comprises
a flame holder 11 arranged on a side of the combustion nozzle 10 adjacent to the partition

12.

Specifically, a cross section of the flame holder 11 is in a shape of a continuous W, the
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flame holder 11 is internally provided with a plurality of W-shaped channels, an end face
of the flame holder 11 farther from the partition 12 is provided with a plurality of inlets,
and an end face of the flame holder 11 adjacent to the partition 12 is provided with a
plurality of outlets. When a flame meets the flame holder 11, the flame enters the
W-shaped channels via an inlet of the flame holder 11, and then is discharged from an
outlet of the flame holder 11. When the working condition is changed, the height of the
flame airflow will be changed accordingly. This W-shaped flame holder 11 can adapt to
flames in various lengths. Further, when the flame airflow flows inside the flame holder 11,

the fuel gas is combusted continuously to achieve sufficient combustion.

Here, the heat exchange chamber can be located on the upper side of the combustion
chamber. In this case, the flame airflow flows downwards and meets the flame holder 11,
and the tail gas of the combustion chamber will also automatically enter the heat exchange

chamber.

As shown in Fig. 7, the combustion unit further comprises a catalytic burner 3 arranged on
a side of the combustion nozzle 10 adjacent to the partition 12, the catalytic burner 3 has a
porous plate structure, and the porous plate structure is coated with a catalyst. Through this
setting, the flue gas after combustion undergoes catalytic combustion in the catalytic
burner 3 so that the unburned fuel is further reacted. The catalytic burner 3 can be located

on the upper side of the flame holder 11.

As shown in Fig. 5, in another embodiment, the combustion and heat exchange assembly
may further comprise an air shunt 9 and an isolation hood 4. The air shunt 9 comprises a
first outlet 9a and a second outlet 9b. The isolation hood 4 is arranged inside the
combustion chamber and covers above the igniter 5, the air director and the combustion
nozzle 10, the first outlet 9a of the air shunt 9 is in communication with the interior of the
isolation hood 4, i.e., the first outlet 9a of the air shunt 9 is in communication with the air
director, the second outlet 9b of the air shunt 9 is in communication with the exterior of
the isolation hood 4, and the combustion tail gas discharged from the isolation hood 4
enters the hot channel after being mixed with the air outside the isolation hood 4. As
shown in Fig. 3 and Fig. 4, white arrows show the flow directions of air or stack air, and
black arrows show the flow directions of flame airflows. An inner duct is formed inside
the isolation hood 4, an outer duct is formed outside the isolation hood 4, and a part of the

air or stack air entering via the air shunt 9 enters the air director via the first outlet 9a and
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then enters the central cavity of the combustion nozzle 10 and is mixed with tuel gas and
combusted. Another part of the air or stack air entering via the air shunt 9 enters the outer
side of the isolation hood 4 via the second outlet 9b and flows through the outer duct. In
the end, the air located outside the isolation hood 4 and flowing through the outer duct is
mixed with the tail gas generated from combustion and then enters the hot channel. This
setting can prevent the temperature of the gas entering the hot channel from being too
high.

In one embodiment, the fuel gas supply pipe comprises a convergence section and a
sub-supply section, and the sub-supply section comprises a first pipe 6 and a second pipe 7
arranged in parallel. An outlet of the first pipe 6 and an outlet of the second pipe 7 are both
in communication with an inlet of the convergence section, and an outlet of the
convergence section faces the interior of the central cavity. The first pipe 6 can be used for
transporting nitroglycerin (NG), and the second pipe 7 can be used for transporting anode
off gas (AOQG). In the early stage of combustion, only NG can be burned, then AOG is
gradually added, and then NG is gradually replaced by AOG.

As shown in Fig. 8, the heat exchange unit 2 comprises a plurality of heat exchange fins 2a.
Brazed connection is adopted between the heat exchange fins 2a. Hot channels and cold
channels perpendicular to each other are arranged on both the front side and back side of
the heat exchange unit 2. Of course, alternatively, the structure of the heat exchange unit 2

can be designed and improved according to test results.

As shown in Fig. 6, the annular channel 10a is a round channel, the flame channels include
an annular channel 10a and a plurality of radial channels 10b, one end of each of the radial
channels 10b is in communication with the central cavity, and the other end is in
communication with the annular channel 10a. The combustion nozzle 10 has a disc
structure as a whole, fuel gas enters the central cavity from the middle, and fuel gas and air
are mixed in the central cavity and then uniformly fill up the annular channel 10a via the
radial channels. The annular channel 10a can also be in a square or other shape. The

diameter of and space between the through holes can be set according to actual needs.

Based on the combustion and heat exchange assemblies provided by the foregoing
embodiments, the present invention further provides an SOFC system, comprising any one

of the combustion and heat exchange assemblies in the foregoing embodiments. As the
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SOFC system adopts a combustion and heat exchange assembly in one ot the toregoing
embodiments, the beneficial effects of the SOFC system can be seen in these

embodiments.

The embodiments in the description are all described in a progressive manner, each
embodiment focuses on the differences from other embodiments, and the same or similar

parts among the embodiments can be mutually referred to.

Various modifications to these embodiments will be apparent. The general principle
defined herein can be implemented in other embodiments without departing from the
scope of the present invention. Therefore, the present invention is not limited to the
embodiments provided herein but conforms to the widest scope consistent with the

principles and novel features disclosed herein.

”

Herein, the description with reference to the terms “one embodiment,” “example,”
“specific example,” etc. means that the specific features, structures, materials, or
characteristics described in combination with the embodiment or example are included in
at least one embodiment or example of the invention. The schematic representation of the
above-mentioned terms herein does not necessarily refer to the same embodiment or
example. Moreover, the specific features, structures, materials, or characteristics described

can be combined in any one or multiple embodiments or examples in a suitable manner.



