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(57) Abstract: A fuel cell system includes a fuel cell stack generating electric power using an electrochemical reaction between
hydrogen and oxygen, a fuel process unit supplying reformed gas to the fuel cell stack by reforming an electricity generation material
into the reformed gas that is rich in hydrogen, and an air supply unit supplying air containing oxygen to the fuel cell stack. The air
supply unit includes an intake passage that extends from an outside space to the fuel cell stack, a first air pump that is installed
on the intake passage to allow the air to be introduced into the fuel cell stack, and a first pressure buffer container that is disposed
& between the first air pump and the fuel cell stack to reduce pressure of the air flowing along the intake passage to a level less than
& a predetermined pressure. The air supply unit of the fuel cell system according to the present invention can reliably supply the air
without being limited by installation environment conditions, such as the surrounding temperature, pressure, and the like, and an
installation place. Therefore, the fuel cell system of the present invention can stably generate electric power while significantly
reducing the shaking phenomenon caused by air surging. Furthermore, since both of the air intake system and the air exhaust system
are simplified, the installation and maintenance of the fuel cell system can be conveniently realized.
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[DESCRIPTION]
[Invention Title]

FUEL CELL SYSTEM INCLUDING RELIABLE AIR SUPPLY LINE

[Technical Field]

The present invention relates to a fuel cell system that generates
electric power through an electrochemical reaction. More particularly, the
present invention relates to a fuel cell system that is improved to reliably
supply air.

[Background Art)

FIG. 6 shows a conventional fuel cell system. As shown in FIG. 6, a
conventional fuel cell system 400 includes a fuel cell stack 410 generating
direct current power using an electrochemical reaction between hydrogen and
oxygen, a fuel process unit 420 for reforming a hydrocarbon-based electricity
generation material , such as liquefied natural gas (LNG) or liquefied
petroleum gas, into a gas that is high in hydrogen, an air supply unit having a
humidifier and an air pump for supplying oxygen to the fuel cell stack 410, a
cooling unit 440 for cooling the fuel cell stack 410, and a power converter 450
for converting the direct current power generated by the fuel cell stack 410
into alternating current power. The conventional fuel cell system 400 further
includes a main body 460 for housing and protecting the above-described
constituent elements, a variety of Balance of Plants(BOP), and a controller.

The conventional fuel cell system 400 includes a first air pump 434

that is used as the air supply unit for supplying the oxygen, which is required
1
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for the electrochemical reaction, to the fuel cell stack 410. The conventional’
fuel cell system 400 further includes a second air pump 435 for a combustor
421, which heats a reforming reactor of the fuel process unit 420 to a
predetermined temperature, and a third air pump 436 for removing carbon
monoxide in the fuel process unit 420. The first, second, and third air pumps
434, 435, and 436 share the air introduced through one air intake passage.
The air intake passage extends from an air intake hole 461 formed on the
main body 460.

In the conventional fuel cell system 400, residual air in the fuel cell
stack 410 and the fuel process unit 420 is exhausted through an exhaust
passage. The exhaust passage is connected to an air exhaust hole 462
formed on the main body 460 to exhaust air. The conventional fuel cell
system 400 includes an auxiliary burner as one of the constituent elements of
the cooling unit 440. The auxiliary burner is driven when heat consumption
is greater than an amount of waste heat recovered to a water tank. The air
required for the auxiliary burner is introduced through another air intake hole
463 formed on the main body 460, and is output through another air exhaust
passage 464.

The conventional fuel cell system 400 is generally installed in a room.
Therefore, when the fuel cell system 400 operates in an enclosed space for
extended periods, a percentage of oxygen in the air introduced to the system
is reduced. As a result, the fuel cell system 400 cannot reliably generate

electric power.



WO 2008/066227 PCT/KR2007/002519

10

15

20

Further, in the conventional fuel cell system 400, an air surging
phenomenon where an amount of air supplied varies in accordance with
installation environment conditions, such as a surrounding temperature,
pressure, and the like, occurs. As a result, the fuel cell system 400 cannot
reliably generate the electric power from the fuel cell stack 410.

The above information disclosed in this Background section is only for
enhancement of understanding of the background of the invention and
therefore it may contain information that does not form the prior art that is
already known in this country to a person of ordinary skill in the art.

[Disclosure]
[Technical Problem]

Exemplary embodiments of the present invention provide a fuel cell
system having an air supply unit that is improved to reliably supply air
regardless of an installation place of the fuel cell system and installation
environment conditions such as surrounding temperature, pressure, and the
like.

Exemplary embodiments of the present invention also provide a fuel
cell system that can be designed in a simple structure and can improve
efficiency by unifying air intake and exhaust systems for respective
constituent elements.

[ Technical Solution]

In exemplary embodiments of the present invention, a fuel cell system

includes a fuel cell stack generating electric power using an electrochemical
3
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reaction between hydrogen and oxygen, a fuel process unit supplying
reformed gas to the fuel cell stack by reforming an electricity generation
material into the reformed gas that is rich in hydrogen, and an air supply unit
supplying air containing oxygen to the fuel cell stack. The air supply unit
includes an intake passage that extends from an outside space to the fuel cell
stack, a first air pump that is installed on the intake passage to allow the air to
be introduced into the fuel cell stack, and a first pressure buffer container that
is disposed between the first air pump and the fuel cell stack to reduce
pressure of the air flowing along the intake passage to a level less than a
predetermined pressure.

The air supply unit may further include a first airflow rate controller that
is disposed between the first pressure buffer container and the fuel cell stack
to adjust a flow rate of the air by detecting a flow rate of the air flowing along
the intake passage, and operating the first air pump in response to the
detected air flow rate.

The air supply unit may further include an outside air intake container
installed on an outside end of the intake passage extending out of a space in
which the fuel cell system is installed, and a filter that is installed on the intake
passage between the outside air intake container and the first air pump to
filter off foreign objects contained in the air that is being introduced.

The intake passage may include a first section that is branched off
from a point that‘ is located in front of the first air pump and connected to the

fuel process unit. The air supply unit may further include a second air pump
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that is installed on the first section of the intake passage to suck the air, a
second pressure buffer container that is installed between the second air
pump and the fuel process unit to reduce pressure of the air flowing along the
first section of the intake passage to a level less than a predetermined
pressure, and a second airflow rate controller that is disposed between the
second pressure buffer container and the fuel process unit to adjust a flow
rate of the air that is being introduced by detecting a flow rate of the air flowing
along the first section of the intake passage.

‘The first section of the intake passage may be connected to one of a
combustor and a carbon monoxide remover of the fuel process unit.

The fuel cell system may further include a cooling unit for cooling the
fuel cell stack. The cooling unit may have an auxiliary burner for heating
water recovered to a water tank in accordance with heat consumption.
Further, the intake passage may include a second section that is branched off
from a point located in front of the first air pump and is connected to the
auxiliary burner of the cooling unit. Exhaust passages for exhausting
residual air from the fuel cell stack, the fuel process unit, and the cooling unit
are joined asa single passage and the single passage extends outside.

The intake passage further includes a third section that is branched off
from a point that is located at the rear of the first pressure buffer container and
is connected to the fuel process unit. The air supply unit further includes a
third airflow rate controller that is disposed between the first pressure buffer

container and the fuel process unit to adjust a flow rate of the air that is being
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introduced by detecting a flow rate of the air flowing along the third section of

the intake passage.

[Advantageous Effects]

As described above, the air supply unit of the fuel cell system
according to the present invention can reliably supply the air without being
limited by installation environment conditions, such as the surrounding
temperature, pressure, and the like, and an installation place. Therefore, the
fuel cell system of the present invention can stably generate electric power
while significantly reducing the shaking phenomenon caused by air surging.

Furthermore, since both of the air intake system and the air exhaust
system are simplified, the installation and maintenance of the fuel cell system
can be conveniently realized.

[Description of Drawings]

FIG. 1 is a schematic diagram of a fuel cell system according to a first
exemplary embodiment of the present invention. |

FIG. 2 is a schematic diagram of an air supply unit of the fuel cell
system of FIG. 1.

FIG. 3 is a graph illustrating air supply performance of the fuel cell
system of FIG. 1 and air supply performance of a conventional fuel cell
system.

FIG. 4 is a schematic diagram of a fuel cell system according to a
second exemplary embodiment of the present invention.

FIG. 5 is a schematic diagram of a fuel cell system according to a third

6
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exemplary embodiment of the present invention.

FIG. 6 is a schematic view of a conventional fuel cell system.

% Description of Reference Numerals Indicating Primary Elements in
the Drawings

100, 200, 300, 400: Fuel Cell System

110, 210, 310, 410: Fuel Cell Stack

120, 220, 320, 420: Fuel Process Unit

140, 240, 340, 440: Cooling Unit z

150, 250, 350, 450: Power Converter

160, 260, 360, 460: Air Supply Unit

131, 231, 331: Outside Air Intake System

132, 232, 332: Air Intake Passage

133, 233, 333: Filter

134, 135, 136, 234, 235, 236: Air Supply Pressure Adjusting Unit

137, 337, 434, 435, 436: Air Pump

138, 238, 338: Pressure Buffer Container

139, 339a, 339b, 339c: Airflow Rate Controller

[Best Model

Reference will now be made in detail to the preferred embodiments of
the present invention, examples of which are illustrated in the accompanying
drawings. The invention may, however, be embodied in many different
forms and should not be construed as being limited to the embodiments set

forth herein.
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< First Exemplary Embodiment >

FIG. 1 is a schematic diagram of a fuel cell system according to an
exemplary embodiment of the present invention.

As shown in FIG. 1, a fuel cell system 100 of a first exemplary
embodiment includes a fuel cell stack 110 generating direct current power
using an electrochemical reaction between hydrogen and oxygen, a fuel
process unit 120 for reforming a hydrocarbon-based electricity generation
material, such as liquefied natural gas (LNG) or liquefied petroleum gas, into
gas that is high in hydrogen and supplying the reformed gas to the fuel cell
stack 110, an air supply unit 130 having a humidifier and an air pump for
supplying air containing oxygen to the fuel cell stack 110, a cooling unit 140
for cooling the fuel cell stack 110, and a power converter 150 for converting
the direct current power generated by the fuel cell stack into alternating
current power.

vThe fuel cell system 100 further includes a main body 160 for housing
and protecting the above-described constituent elements, a variety of balance
of plants(BOP) such as an air pump, a water pump, an electricity generation
material gas compressor, and a solenoid valve, a temperature sensor, and a
pressure sensor that are related to the fuel cell stack 110 and the fuel process
unit 120, and a controller for controlling operations of the variety of constituent
elements.

In order to reform the electricity generation material into the gas that is

rich in hydrogen when the system starts operating, a reforming reactor should

8



WO 2008/066227 PCT/KR2007/002519

10

15

20

be heated to a predetermined temperature. Therefore, the fuel process unit
120 supplies the air and the electricity generation material to a combustor 121

to increase a temperature of the reactor up to 650 TC. When the reforming
reactor reaches a reforming temperature (e.g., about 650 C), a predetermined

amount of the electricity generation material is supplied to the fuel process
unit 120 through an electricity generation supply line 123, and at the same
time, a predetermined amount of water used for performing a steam reforming
reaction is supplied to the fuel process unit 120. In addition, a small amount
of air is supplied to a carbon monoxide removing unit.

The cooling unit 140 includes a water-cooled heat exchanger 141, a
water tank 142 for recovering waste heat by heat-exchanging with cooling
water, and an auxiliary burner 143 that is automatically driven when there is
heat consumption greater than an amount of the waste heat recovered to the
water tank 142.

The main body 160 defines an outer appearance of the fuel cell
system 100 while housing and protecting the constituent elements. The
main body 160 is provided with air intake holes 161 and 163 and air exhaust
holes 162 and 164. Air intake passages 132 and 181 extend through the air
intake holes 161 and 163 out of a space in which the main body 160 is
installed. Air exhaust passages 183 and 182 extend through the air exhaust
holes 162 and 164 out of the space in which the main body 160 is installed.
The air intake passages 132 and 181 and the air exhaust passages 182 and

183 will be described later.
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Although the fuel cell system 100 may be installed outdoors, it is
generally installed in an enclosed room for management convenience.
When the fuel cell system 100 is installed in a room and operated for
extended periods, a percentage of oxygen in the air introduced during the
operation of the fuel cell system 100 is reduced, and thus the electrochemical
reaction in the fuel cell stack 110 may be unstably realized. Further, when
the fuel cell system 100 is installed in the room and operated for extended
periods, an air surging phenomenon where an amount of air supplied varies in
accordance with installation environment conditions, such as a surrounding
temperature, pressure, and the like, occurs. This may result in an unstable
electrochemical reaction in the fuel cell stack 110 due to a shaking
phenomenon such as air surging.

In order to solve the above problems, the fuel cell system 100 of the
present exemplary embodiment is configured such that the intake passage
132 extends out of an outside wall 170 defining a space in which the main
body 160 is installed and the air supply unit is designed to have the following
structure.

FIG. 2 is a schematic diagram of the air supply unit of the fuel cell
system of FIG. 1.

As shown in FIGS. 1 and 2, the air supply unit 130 includes an outside
air intake container 131, an intake passage 132, a filter 133, and first, second,
and third air supply pressure adjusting units 134, 135, and 136. The first air

supply pressure adjusting unit 134 includes a first air pump 137, a first

10



WO 2008/066227 PCT/KR2007/002519

10

15

20

pressure buffer container 138, and a first airflow rate controller 139.

The intake passage 132 extends from an outside space to the fuel cell
stack 110. The first air supply pressure adjusting unit 134 is installed on the
intake passage 132. The first air pump 137 supplies air to the fuel cell stack
110. The first pressure buffer container 138 reduces the pressure of air
flowing from a rear side of the first air pump 137 to a level less than a
predetermined pressure.

The first air pump 137 is set to have a supply pressure that is 0.2bar or
less to realize less power consumption. The first air pump 137 is supplied
with a predetermined amount of air, for example, a maximum amount of air
required for a fuel cell stack 110 of a 1KW fuel cell generator is about
45-65lpm. The first pressure buffer container 138 buffers the air supply
pressure such that the air supply pressure can be maintained at 0.02-0.05bar,
thereby supplying a uniform amount of air to the fuel cell stack 110.

The first airflow rate control unit 139 is disposed at the rear of the first
pressure buffer container 138 to detect a flow rate of air flowing along the
intake passage 132. Further, the first airflow rate controller 139 adjusts the
airflow rate by operating the first air pump 137 in response to the detected
airflow rate. At this point, the first airflow rate controlier 139 measures the
airflow rate with a mass unit rather than a volume unit and thus a uniform
amount of the air can be supplied regardless of surrounding environments.
Further, the first airflow rate controller 139 may be formed with two separated

parts that are separately installed. That is, the first airflow rate controller 139

11
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may include a sensor for detecting the airflow rate and a control unit for
actuating the first air pump 137 in response to the detected airflow rate. The
sensor and the control unit are separately installed.

As described above, the first air supply pressure adjusting unit 134
uniformly adjusts an inflow amount of the air without being affected by
environment conditions such as a surrounding temperature, pressure, and the
like, and reduces significantly the shaking phenomenon caused by air
surging.

Further, the air supply unit 130 includes the outside-air intake
container 131 that is installed on an outer end of the intake passage 132
extending out of the space where the air supply unit 130 is installed to allow
the outside air to be introduced, and the filter 133 that is installed on the intake
passage 132 between the outside-air intake container 131 and the first air
supply pressure adjusting unit 134 to filter off foreign objects contained in the
air that is being introduced.

In the present exemplary embodiment, the intake passage 132 of the
air supply unit 130 further includes a first section that is branched off from a
point located in front of the first air supply pressure adjusting unit 134 and is
connected to the fuel process unit 120.

The second and third air supply pressure adjusting units 135 and 136
are installed on the first section of the intake passage 132. The second air
supply pressure adjusting unit 135 is provided to supply the air to the

combustor 121 of the fuel process unit 120. The second air supply pressure

12
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adjusting unit 135 includes constituent elements identically functioning to the
constituent elements of the first air supply pressure adjusting unit 134. The
third air supply pressure adjusting unit 136 is provided to supply air required in
the carbon monoxide remover of the fuel process unit 120. The third air
supply pressure adjusting unit 136 includes constituent elements identically
functioning to the constituent elements of the first air supply pressure
adjusting unit 134.

Then, the second and third air supply pressure adjusting units 135 and
136 can uniformly supply air to the combustor 121 and the carbon monoxide
remover of the fuel process unit 120 without experiencing the shaking
phenomenon caused by air surging.

As described above, in addition to the air intake system, the fuel cell
system 100 separately includes an air exhaust system. The first exhaust
passage 183 is in two sections respectively connected to the fuel cell stack
110 and the fuel process unit 120, and the two sections are then joined as a
single passage. The joined single passage extends outside through the air
exhaust hole 162. The second exhaust passage 182 is connected to the
auxiliary burner 143 of the cooling unit 140 and extends outside through the
air exhaust hole 164.

FIG. 3 is a graph illustrating the air supply performance of the fuel cell
system of FIG. 1 and the air supply performance of a conventional fuel cell
system.

The fuel cell system of the present exemplary embodiment and the

13
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conventional fuel cell system were tested under identical test conditions. As
indicated by (a) of FIG. 3, in the conventional fuel cell system, the air is
supplied with a maximum air surging variation of 7lpm (liter/min) and a
relatively wide air surging variation range. On the other hand, in the fuel cell
system of the present exemplary embodiment, as indicated by (b) of FIG. 3,
since the above-described air supply pressure adjusting unit is applied, the
maximum air surge is less than that of the conventional fuel cell system by
only 2lpm (liter/min) and the air surging variation range is significantly
reduced.

<Second Exemplary Embodiment >

FIG. 4 is a schematic diagram of a fuel cell system according to a
second exemplary embodiment of the present invention. A fuel cell system
200 of the second exemplary embodiment is identical to that of the first
exemplary embodiment of FIG. 1 except that an air intake system and an air
exhaust system are partly different from those of the first exemplary
embodiment.

That is, an intake passage 232 of the fuel cell system 200 further
includes a second section that is branched off from a point located in front of a
first air supply pressure adjusting unit 234 and is connected to an auxiliary
burner 243 of a cooling unit 240.

Further, an exhaust passage 284 of the fuel cell system 200 is divided
into a plurality of sections that are respectively connected to a fuel cell stack

210, a fuel process unit 220, and the cooling unit 240 and are then joined as a

14
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single passage. The single passage extends out of an outside wall 270.

A main body 260 of the fuel cell system 200 is provided with an air
intake hole 262 and the air intake passage 232 corresponds to the air intake
hole 262. The main body 260 of the fuel cell system 200 is further provided
with an air exhaust hole 264 and the air exhaust passage 284 corresponds to
the air exhaust hole 264. Therefore, since the structure of the fuel cell
system 200 can be simplified, the installation and maintenance of the fuel cell
system 200 can be conveniently realized.

In addition, since other constituent elements of the fuel cell system of
the second exemplary embodiment, such as a fuel cell stack 210, a fuel
process unit 220, an air supply unit, the cooling unit 240, a power converter
250, an outside air intake container 231, a filter, and first, second, and third air
supply pressure adjusting units 234, 235, and 236, are identical in their
functions to those of the fuel cell system 100 of FIG. 1, a description thereof
will be omitted herein. Further, like the first, second, and third air supply
pressure adjusting units of the first exemplary embodiment, each of the first,
second, and third air supply pressure adjusting units 234, 235, and 236
includes an air pump, a pressure buffer container, and an airflow rate
controller.

< Third Exemplary Embodiment >

FIG. 5 is a schematic diagram of a fuel cell system according to a third
exemplary embodiment of the present invention. The fuel cell system 300 of

the third exemplary embodiment is identical to that of the first exemplary
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embodiment except that an air supply unit is partly different from that of the
first exemplary embodiment.

An air supply unit of the fuel cell system includes an outside air intake
container 331, an intake passage 332, a filter 333, and an air supply pressure
adjusting unit. The air supply pressure adjusting unit includes a third air
pump 337, a third pressure buffer container 338, and third airflow rate
controllers 339a, 339b, and 339c.

The intake passage 332 further includes a third section and a section
connected to a fuel cell stack 310. The third section is branched off from a
point that is located at the rear of the third pressure buffer container 338 and
is connected to a fuel process unit 320. The third air flow rate controllers
339b and 339c, for respectively controlling air supplied to a combustor 321
and a carbon monoxide remover of the fuel process unit 320, are installed on
the third section of the intake passage 332.

The fuel cell system 300 of the third exemplary embodiment includes
the air supply pressure adjusting unit. However, only one third air pump 337
and one third pressure buffer container 338 are installed on the intake
passage 332 and shared. The third airflow rate controllers 339a, 339b, and
339c are provided to respectively correspond to constituent elements to which
the intake passage 332 is connected.

In addition, since other constituent elements of the fuel cell system of
the third exemplary embodiment, such as a fuel cell stack 310, a fuel process

unit 320, an air supply unit, the cooling unit 340, a power converter 350, a

16
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main body 360, and an outside water 370, are identical in their functions to

those of the fuel cell system 100 of FIG. 1, a description thereof will be
omitted herein.

While this invention has been described in connection with what is

5 presently considered to be practical exemplary embodiments, it is to be

understood that the invention is not limited to the disclosed embodiments, but,

on the contrary, is intended to cover various modifications and equivalent

arrangements included within the spirit and scope of the appended claims.

17



WO 2008/066227 PCT/KR2007/002519

10

15

20

[CLAIMS]
[Claim 1]

A fuel cell system comprising:

a fuel cell stack generating electric power using an electrochemical
reaction between hydrogen and oxygen,;

a fuel process unit supplying reformed gas to the fuel cell stack by
reforming an electricity generation material into the reformed gas that is rich in
hydrogen; and

an air supply unit supplying air containing oxygen to the fuel cell stack,

wherein the air supply unit includes

an intake passage that extends from an outside space to the fuel cell
stack,

a first air pump that is installed on the intake passage to allow the air
to be introduced into the fuel cell stack, and

a first pressure buffer container that is disposed between the first air
pump and the fuel cell stack to reduce pressure of the air flowing along the
intake passage to a level less than a predetermined pressure.

[Claim 2]

The fuel cell system of claim 1, wherein

the air supply unit further includes a first airflow rate controller that is
disposed between the first pressure buffer container and the fuel cell stack to
adjust a flow rate of the air by detecting a flow rate of the air flowing along the

intake passage and operating the first air pump in response to the detected air

18
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flow rate.
[Claim 3]

The fuel cell system of claim 2, wherein

the air supply unit further includes an outside air intake container
installed on an outside end of the intake passage extending out of a space in
which the fuel cell system is installed, and a filter that is installed on the intake
passage between the outside air intake container and the first air pump to
filter off foreign objects contained in the air that is being introduced.

[Claim 4]

The fuel cell system of claim 3, wherein

the intake passage includes a first section that is branched off from a
point that is located in front of the first air pump and is connected to the fuel
process unit, and

the air supply unit further includes:

a second air ‘pump that is installed on the first section of the intake
passage to suck the air;

a second pressure buffer container that is installed between the
second air pump and the fuel process unit to reduce pressure of the air
flowing along the first section of the intake passage to a level less than a
predetermined pressure; and

a second airflow rate controller that is disposed between the second
pressure buffer container and the fuel process unit to adjust a flow rate of the

air that is being introduced by detecting a flow rate of the air flowing along the
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first section of the intake passage.

[Claim 5]

The fuel cell system of claim 4, wherein:
the first section of the intake passage is connected to one of a
combustor and a carbon monoxide remover of the fuel process unit.

[Claim 6]

The fuel cell system of claim 5, further comprising a cooling unit for
cooling the fuel cell stack, the cooling unit having an auxiliary burner for
heating water recovered to a water tank in accordance with heat
consumption,

wherein the intake passage includes a second section that is
branched off from a point located in front of the first air pump and is connected
to the auxiliary burner of the cooling unit, and

exhaust passages for exhausting residual air from the fuel cell stack,
the fuel process unit, and the cooling unit are joined as a single passage and
the single passage extends outside.

[Claim 7]

The fuel cell system of claim 3, wherein:

the intake passage further includes a third section that is branched off
from a point that is located at the rear of the first pressure buffer container and
is connected to the fuel process unit; and

the air supply unit further includes a third airflow rate controller that is

disposed between the first pressure buffer container and the fuel process unit

20
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to adjust a flow rate of the air, which is being introduced, by detecting a flow

rate of the air flowing along the third section of the intake passage.

21
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