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(54) FUEL PROCESSING APPARATUS FOR FUEL CELL, AND FUEL CELL SYSTEM

(57) A fuel processing apparatus for a fuel cell according to an exemplary embodiment of the present invention
includes a reforming reactor, a burner, a water gas reactor, and a valve. The reforming reactor produces reformed gas
from a gas mixture of water and a raw material for power generation. The burner supplies heat to the reforming reactor.
The water gas reactor includes a reactor main body which is supplied with the reformed gas from the reforming reactor
and reduces concentration of carbon monoxide in the reformed gas, and a cooling flow path which is installed in the
reactor main body. The valve controls a supply of a cooling medium to the cooling flow path while distinguishing a startup
and a normal operation of the water gas reactor.
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Description

[Technical Field]

[0001] The present invention relates to a fuel processing apparatus for supplying hydrogen to a fuel cell and a fuel
cell system having the same.

[Background Art]

[0002] A fuel cell, which produces electricity by allowing hydrogen to chemically react with oxygen in the air, is a high-
efficiency next-generation energy source that emits neither pollutants nor noise and may be permanently used as long
as hydrogen is consistently supplied. A fuel cell system broadly includes the fuel cell, and a fuel processing apparatus
for supplying hydrogen to the fuel cell.
[0003] A typical fuel processing apparatus includes a reforming reactor which converts a gas mixture of a vapor and
a raw material for power generation into hydrogen, a burner which supplies heat to the reforming reactor, and a water
gas reactor and a partial oxidation reactor which reduce concentration of carbon monoxide (CO) in reformed gas dis-
charged from the reforming reactor. The concentration of carbon monoxide of the reformed gas treated by the water
gas reactor and the partial oxidation reactor is about 50 ppm or lower.
[0004] The water-gas shift reaction (CO + H2O → CO2 + H2) in the water gas reactor is an exothermic reaction that
releases heat. Because the water gas reactor needs to maintain a constant reaction temperature to obtain a large effect
of reducing CO, piping is typically installed on an outer wall of the water gas reactor and a cooling medium is supplied
to the piping to prevent overheating.
[0005] However, the cooling medium inhibits an increase in temperature when the water gas reactor starts up, and
as a result, a startup time is increased, and overall efficiency of the fuel cell system deteriorates in a case in which heat,
which is absorbed from the water gas reactor by the cooling medium, is discharged to the outside. In addition, there is
a temperature deviation between the outer wall and the interior of the water gas reactor due to the cooling medium, and
as a result, the efficiency in reducing CO is decreased as the temperature deviation is increased.

[DISCLOSURE]

[Technical Problem]

[0006] The present invention has been made in an effort to provide a fuel processing apparatus for a fuel cell, which
prevents overheating of a water gas reactor by using a cooling medium, in which a startup time for the water gas reactor
may be decreased, overall efficiency of the fuel cell system may be increased by reusing heat absorbed from the water
gas reactor, and efficiency in reducing CO may be increased by reducing a temperature deviation of the water gas
reactor, and to provide a fuel cell system having the fuel processing apparatus.

[Technical Solution]

[0007] An exemplary embodiment of the present invention provides a fuel processing apparatus for a fuel cell, including:
a reforming reactor; a burner; a water gas reactor; and a valve. The reforming reactor produces reformed gas from a
gas mixture of water and a raw material for power generation. The burner supplies heat to the reforming reactor. The
water gas reactor includes a reactor main body which is supplied with the reformed gas from the reforming reactor and
reduces concentration of carbon monoxide in the reformed gas, and a cooling flow path which is installed in the reactor
main body. The valve controls a supply of a cooling medium to the cooling flow path while distinguishing a startup and
a normal operation of the water gas reactor.
[0008] The burner may be supplied with burner fuel and burner air through a fuel pipe and an air pipe, and the cooling
medium may be the burner air supplied to the burner. The cooling flow path may be connected to a supply pipe and a
discharge pipe outside the reactor main body. The supply pipe may be connected to the air pipe, and the discharge pipe
may be connected to any one of the air pipe and the fuel pipe.
[0009] The valve may be a 3-way valve connected to the air pipe and the supply pipe, the valve may provide the
cooling medium to the burner through the air pipe when the water gas reactor starts up, and the valve may provide the
cooling medium to the cooling flow path through the supply pipe when the water gas reactor normally operates. A
temperature of the cooling medium provided to the cooling flow path may be increased through heat exchange with the
water gas reactor, and then the cooling medium may be provided to the burner through the discharge pipe.
[0010] The reactor main body may have a catalyst therein. An inlet pipe and an outlet pipe for the reformed gas may
be connected to an upper end of a sidewall and a lower end of the sidewall of the reactor main body that abut against
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the catalyst.
[0011] The cooling flow path may include a first cover plate which covers an upper end of the catalyst, a second cover
plate which covers a lower end of the catalyst, and a plurality of cooling pipes which is connected to the first cover plate
and the second cover plate and penetrates the catalyst. The supply pipe and the discharge pipe for the cooling medium
may be connected to lower and upper ends of the reactor main body. An edge of the first cover plate and an edge of
the second cover plate may be sealed to prevent a leak of the reformed gas inputted to the catalyst.
[0012] Another exemplary embodiment of the present invention provides a fuel cell system including: a fuel cell; and
a fuel processing apparatus which supplies the fuel cell with reformed gas containing hydrogen. The fuel processing
apparatus includes a reforming reactor, a burner, a water gas reactor, and a valve. The reforming reactor produces
reformed gas from a gas mixture of water and a raw material for power generation. The burner supplies heat to the
reforming reactor. The water gas reactor includes a reactor main body which is supplied with the reformed gas from the
reforming reactor and reduces concentration of carbon monoxide in the reformed gas, and a cooling flow path which is
installed in the reactor main body. The valve controls a supply of a cooling medium to the cooling flow path while
distinguishing a startup and a normal operation of the water gas reactor.
[0013] The burner may be supplied with burner fuel and burner air through a fuel pipe and an air pipe, and the cooling
medium may be the burner air supplied to the burner. The cooling flow path may be connected to a supply pipe and a
discharge pipe outside the reactor main body. The supply pipe may be connected to the air pipe, and the discharge pipe
may be connected to any one of the air pipe and the fuel pipe.
[0014] The valve may be a 3-way valve connected to the air pipe and the supply pipe, the valve may provide the
cooling medium to the burner through the air pipe when the water gas reactor starts up, and the valve may provide the
cooling medium to the cooling flow path through the supply pipe when the water gas reactor normally operates. A
temperature of the cooling medium provided to the cooling flow path may be increased through heat exchange with the
water gas reactor, and then the cooling medium may be provided to the burner through the discharge pipe.
[0015] The reactor main body may have a catalyst therein. An inlet pipe and an outlet pipe for the reformed gas may
be connected to a sidewall upper end and a sidewall lower end of the reactor main body that abut against the catalyst.
[0016] The cooling flow path may include a first cover plate which covers an upper end of the catalyst, a second cover
plate which covers a lower end of the catalyst, and a plurality of cooling pipes which is connected to the first cover plate
and the second cover plate and penetrates the catalyst. The supply pipe and the discharge pipe for the cooling medium
may be connected to lower and upper ends of the reactor main body. An edge of the first cover plate and an edge of
the second cover plate may be sealed to prevent a leak of the reformed gas inputted to the catalyst.

[Advantageous Effects]

[0017] According to the exemplary embodiments of the present invention, it is possible to decrease a startup time by
cutting off a supply of the cooling medium to the cooling flow path of the water gas reactor when starting up the water
gas reactor, and to prevent overheating of the water gas reactor by supplying the cooling medium to the cooling flow
path when normally operating the water gas reactor.
[0018] In addition, the cooling medium, which is inputted into the cooling flow path and heated during the normal
operation of the water gas reactor, is supplied to the burner instead of being discharged to the outside, and as a result,
it is possible to reduce the usage amount of burner fuel, and to improve overall efficiency of the fuel cell system.

[Description of the Drawings]

[0019]

FIG. 1 is a configuration view of a fuel cell system according to an exemplary embodiment of the present invention.
FIG. 2 is a schematic cross-sectional view of a water gas reactor of the fuel cell system illustrated in FIG. 1.
FIG. 3 is a perspective view of a cooling flow path of the water gas reactor illustrated in FIG. 2.
FIG. 4 is a cross-sectional view illustrating a water gas reactor of a Comparative Example.

[Mode for Invention]

[0020] Hereinafter, the present invention will be described more fully hereinafter with reference to the accompanying
drawings, in which example embodiments of the invention are shown. As those skilled in the art would realize, the
described embodiments may be modified in various different ways, all without departing from the scope of the present
invention.
[0021] Further, in the present specification, when a part such as a layer, a film, a region, and a plate is present "on"
or "at an upper portion of" another part, the case includes not only a case where the part is present "immediately on"
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another part, but also a case where still another part is present therebetween. Further, "one object is positioned on the
other object" means that one object is positioned over or under the other object, but does not necessarily mean that one
object is positioned over the other object based on the gravitational direction.
[0022] Throughout the specification, unless explicitly described to the contrary, the word "comprise" and variations
such as "comprises" or "comprising" will be understood to imply the inclusion of stated elements. The size and thickness
of each component illustrated in the drawings are arbitrarily shown for understanding and ease of description, but the
present invention is not limited thereto.
[0023] FIG. 1 is a configuration view of a fuel cell system according to an exemplary embodiment of the present
invention.
[0024] Referring to FIG. 1, a fuel cell system 100 includes a fuel cell 200, and a fuel processing apparatus 300 which
supplies hydrogen to the fuel cell 200. The fuel processing apparatus 300 produces reformed gas, which contains a
large amount of hydrogen, from a raw material for power generation and supplies the reformed gas to the fuel cell 200,
and the fuel cell 200 allows the supplied hydrogen to chemically react with oxygen in the air, thereby producing electrical
energy.
[0025] The fuel processing apparatus 300 includes a reforming reactor 310 which converts a gas mixture of water
(vapor) and a raw material for power generation into hydrogen, a burner 320 which supplies heat to the reforming reactor
310, a water gas reactor 330 which reduces concentration of carbon monoxide in the reformed gas discharged from the
reforming reactor 310, and a valve 340 which controls a supply of a cooling medium in the water gas reactor 330. The
fuel processing apparatus 300 may further include a partial oxidation reactor 350 connected to the water gas reactor 330.
[0026] The raw material for power generation may be hydrocarbon-based fuel such as liquefied natural gas (LNG) or
liquefied petroleum gas (LPG), and the reforming reactor 310 may be a vapor reforming reactor. The reforming reactor
310 reforms hydrocarbon in the raw material for power generation into hydrogen by allowing the hydrocarbon to react
with oxygen under a high-temperature atmosphere. In this case, carbon monoxide CO is generated as a reaction by-
product. A chemical reaction performed by the reforming reactor 310 is as follows.

Reaction 1 CH4 + H2O ↔ CO + 3H2 (ΔH298 = 205.813kJ/mol)

CO + H2O ↔ CO2 + H2 (ΔH298 = -41.15kJ/mol)

[0027] The reforming reactor 310 discharges the reformed gas including hydrogen, carbon monoxide, and carbon
dioxide, and the discharged reformed gas is inputted into the water gas reactor 330.
[0028] The burner 320 supplies heat to the reforming reactor 310, and allows the reforming reactor 310 to maintain a
high temperature required for the reforming reaction. The burner 320 is supplied with burner fuel (such as city gas)
through a fuel pipe 361, and an air pipe 362 is connected to the fuel pipe 361. The burner 320 generates combustion
heat by combusting burner fuel and burner air.
[0029] The water gas reactor 330 converts carbon monoxide in the reformed gas into carbon dioxide by using a water-
gas shift reaction. The water gas reactor 330 includes a reactor main body 331 having a catalyst therein. The catalyst
may be configured from various catalysts such as a Cu-Zn based catalyst, a catalyst having a metal oxide carrier
supported with platinum, and a catalyst including Cu and platinum-based metal. A chemical reaction performed by the
water gas reactor 330 is as follows.

Reaction 2 CO + H2O ↔ CO2 + H2 (ΔH298 = -41.15kJ/mol)

[0030] The fuel cell system 100 may become stable as the concentration of carbon monoxide is decreased in the
water gas reactor 330. The partial oxidation reactor 350 is supplied with the reformed gas from the water gas reactor
330, reduces the concentration of carbon monoxide to 50 ppm or less, particularly, 10 ppm or less, and supplies the
carbon monoxide to the fuel cell 200. A chemical reaction performed by the partial oxidation reactor 350 is as follows.

Reaction 3  CO +©O2 ↔ CO2 (ΔH298 = -282.984kJ/mol)

[0031] Final reformed gas produced by the fuel processing apparatus 300 is supplied to the fuel cell 200 and used for
power generation, and unreacted gas, which is discharged without being used for power generation, is supplied to the
burner 320 and used to increase a temperature of the reforming reactor 310.
[0032] The water gas reactor 330 requires a predetermined time (startup time) until the catalyst reaches a reaction
temperature and the water gas reactor 330 normally operates when the fuel cell system 100 starts up. The water gas
reactor 330 may include a heater (not illustrated) for decreasing the startup time. Further, the water gas reactor 330
continuously generates heat while normally operating, and carbon dioxide is converted back into carbon monoxide at a
particular temperature or higher, and as a result, it is necessary to maintain a constant temperature by using the cooling
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medium.
[0033] The water gas reactor 330 includes a cooling flow path 370 installed in the reactor main body 331. The cooling
flow path 370 provides a closed flow path so that the cooling medium is not mixed with the reformed gas, and the cooling
flow path 370 is connected to a supply pipe 363 and a discharge pipe 364 outside the reactor main body 331. The cooling
medium, which is inputted into the cooling flow path 370 through the supply pipe 363, exchanges heat with the catalyst
such that a temperature of the cooling medium is increased, and then the cooling medium is discharged through the
discharge pipe 364.
[0034] The valve 340 is installed in the supply pipe 363 of the cooling flow path 370 and controls the supply of the
cooling medium while distinguishing between the startup and the normal operation of the water gas reactor 330. Spe-
cifically, the valve 340 cuts off the supply of the cooling medium when the water gas reactor 330 starts up, thereby
preventing the cooling medium from hindering an increase in temperature of the water gas reactor 330. In addition, the
valve 340 supplies the cooling medium when the water gas reactor 330 normally operates, thereby allowing the water
gas reactor 330 to maintain a constant temperature.
[0035] Assuming that the cooling medium is inputted at the same time of the startup of the water gas reactor 330, the
cooling medium hinders an increase in temperature of the water gas reactor 330, such that a long period of time is
required until the catalyst reaches a reaction temperature. That is, the startup time is increased. However, in the fuel
processing apparatus 300 of the present exemplary embodiment, the valve 340 supplies the cooling medium only when
the water gas reactor 330 normally operates, and as a result, it is possible to decrease the startup time of the water gas
reactor 330.
[0036] In addition, the cooling medium, which is inputted into the cooling flow path 370 and obtains heat from the water
gas reactor 330 during the normal operation, is reused in the fuel cell system 100 without being discharged to the outside.
To this end, the burner air, which is supplied to the burner 320, may be used as a cooling medium for the water gas
reactor 330. Specifically, the valve 340 may be a 3-way valve connected to the air pipe 362 and the supply pipe 363 of
the cooling flow path 370, and the discharge pipe 364 of the cooling flow path 370 is connected to the air pipe 362 or
the fuel pipe 361.
[0037] When the water gas reactor 330 starts up, the valve 340 closes the supply pipe 363 and opens the air pipe
362 to provide the cooling medium to the burner 320 through the air pipe 362. Thereafter, when the catalyst of the water
gas reactor 330 reaches the reaction temperature and thus reaches a normal operating condition, the valve 340 closes
the air pipe 362 and opens the supply pipe 363 to provide the cooling medium to the cooling flow path 370 through the
supply pipe 363.
[0038] The temperature of the cooling medium, which is inputted into the cooling flow path 370, is increased through
heat exchange with the water gas reactor 330, and the cooling medium (burner air) heated by the heat exchange is
supplied to the burner 320. Since the heated burner air is supplied to the burner 320, the usage amount of the burner
fuel may be reduced, which leads to an improvement in efficiency of the fuel cell system 100.
[0039] For example, city gas of 41 N</min and vapor of 125 cc/min may be supplied to the reforming reactor 310, and
heat produced by the water gas reactor 330 may be -34.52 kJ/min. The cooling medium (burner air) of 200 N</min (25°C)
may be supplied to the cooling flow path 370 during the normal operation of the water gas reactor 330, and a temperature
of the cooling medium, which is discharged after reaction heat of the water gas reactor 330 is removed, may be about
155°C.
[0040] The high-temperature air is supplied to the burner 320, and it is possible to save burner fuel of about 0.95
N</min as shown in the following relationship formula related to the amount of generated heat.

CH4 + 2O2 ↔ CO2 + 2H2O (ΔH298 = -802.625kJ/mol)

[0041] The above reaction formula is a relationship formula related to the amount of heat generated by a reaction
between methane and oxygen.
[0042] As described above, since the stepwise operating method, which distinguishes the startup and the normal
operation of the water gas reactor 330, is applied to the fuel processing apparatus 300 of the present exemplary em-
bodiment, it is possible to decrease the startup time of the water gas reactor 330. In addition, the cooling medium heated
through the heat exchange is supplied to the burner 320, such that the usage amount of the burner fuel is reduced, and
as a result, it is possible to improve overall efficiency of the fuel cell system 100.
[0043] FIG. 2 is a schematic cross-sectional view of the water gas reactor of the fuel cell system illustrated in FIG. 1,
and FIG. 3 is a perspective view of the cooling flow path of the water gas reactor illustrated in FIG. 2.
[0044] Referring to FIGS. 2 and 3, the water gas reactor 330 includes the reactor main body 331 which has a catalyst
332 therein, and the cooling flow path 370 which is installed in the reactor main body 331.
[0045] The catalyst 332 is positioned in the reactor main body 331 at a predetermined distance from upper and lower
ends of the reactor main body 331. An inlet pipe 334 may be connected to an upper portion of a sidewall of the reactor
main body 331 that abuts against the catalyst 332, and an outlet pipe 335 may be connected to a lower portion of the
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sidewall of the reactor main body 331 that abuts against the catalyst 332.
[0046] The reformed gas discharged from the reforming reactor 310 is inputted to the reactor main body 331 through
the inlet pipe 334, and carbon monoxide in the inputted reformed gas is converted into carbon dioxide through the water-
gas shift reaction caused by the catalyst 332. The reformed gas with lowered concentration of carbon monoxide is
discharged through the outlet pipe 335.
[0047] The supply pipe 363 for the cooling medium may be connected to a center of a lower end of the reactor main
body 331, and the discharge pipe 364 for the cooling medium may be connected to a center of an upper end of the
reactor main body 331. The cooling flow path 370 includes a first cover plate 371 which covers an upper end of the
catalyst 332, a second cover plate 372 which covers a lower end of the catalyst 332, and a plurality of cooling pipes 373
which is connected to the first cover plate 371 and the second cover plate 372 and penetrates the catalyst 332.
[0048] The first cover plate 371 may be spaced apart from the upper end of the reactor main body 331, and the second
cover plate 372 may be spaced apart from the lower end of the reactor main body 331. An edge of the first cover plate
371 and an edge of the second cover plate 372 are sealed to prevent the reformed gas, which is inputted to the catalyst
332, from leaking to the outside of the first and second cover plates 371 and 372.
[0049] The plurality of cooling pipes 373 may be formed to have the same diameter, and the plurality of cooling pipes
373 may be disposed at an equal interval. Each of the first cover plate 371 and the second cover plate 372 is a porous
plate formed with a plurality of openings, and opens end portions of the plurality of cooling pipes 373.
[0050] The cooling medium, which is inputted to the reactor main body 331 through the supply pipe 363, is distributed
to the plurality of cooling pipes 373, and exchanges heat with the catalyst 332 while passing through the plurality of
cooling pipes 373. Since the plurality of cooling pipes 373 penetrates the catalyst 332 in the reactor main body 331, the
cooling medium supplied to the cooling flow path 370 may uniformly cool the catalyst 332. Therefore, it is possible to
increase efficiency in reducing CO by decreasing a temperature deviation for each position of the catalyst 332.
[0051] FIG. 2 illustrates a temperature distribution of the catalyst 332 by a dotted line. The temperature of the catalyst
332 is increased as a distance from the cooling flow path 370 is increased, and since the plurality of cooling pipes 373
penetrates the catalyst 332, the temperature deviation for each position of the catalyst 332 is not high.
[0052] FIG. 4 is a cross-sectional view illustrating a water gas reactor of a Comparative Example.
[0053] Referring to FIG. 4, a water gas reactor 380 of the Comparative Example includes a reactor main body 331
which has a catalyst 332 therein, and a cooling flow path 385 which is installed on an outer wall of the reactor main body
331. The cooling flow path 385 is in the form of a coil wound around the reactor main body 331, and exhaust gas of a
burner or water may be used as a cooling medium.
[0054] FIG. 4 illustrates a temperature distribution of the catalyst 332 by a dotted line. Since the cooling medium abuts
against the outer wall of the reactor main body 331 and exchanges heat with the reactor main body 331, a cooling effect
of the cooling medium rarely affects a central portion of the catalyst 332. Therefore, the water gas reactor 380 of the
Comparative Example has a high temperature deviation and low efficiency in reducing CO.
[0055] While this invention has been described in connection with what is presently considered to be practical example
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 scope of the appended claims.

Claims

1. A fuel processing apparatus for a fuel cell, comprising:

a reforming reactor which produces reformed gas from a gas mixture of water and a raw material for power
generation;
a burner which supplies heat to the reforming reactor;
a water gas reactor which includes a reactor main body that is supplied with the reformed gas from the reforming
reactor and reduces concentration of carbon monoxide in the reformed gas and a cooling flow path that is
installed in the reactor main body; and
a valve which controls a supply of a cooling medium to the cooling flow path while distinguishing a startup and
a normal operation of the water gas reactor.

2. The fuel processing apparatus of claim 1, wherein:

the burner is supplied with burner fuel and burner air through a fuel pipe and an air pipe, and
the cooling medium is the burner air supplied to the burner.

3. The fuel processing apparatus of claim 2, wherein:
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the cooling flow path is connected to a supply pipe and a discharge pipe outside the reactor main body,
the supply pipe is connected to the air pipe, and
the discharge pipe is connected to any one of the air pipe and the fuel pipe.

4. The fuel processing apparatus of claim 3, wherein:

the valve is a 3-way valve connected to the air pipe and the supply pipe, the valve provides the cooling medium
to the burner through the air pipe when the water gas reactor starts up, and the valve provides the cooling
medium to the cooling flow path through the supply pipe when the water gas reactor normally operates.

5. The fuel processing apparatus of claim 4, wherein:

a temperature of the cooling medium provided to the cooling flow path is increased through heat exchange with
the water gas reactor, and then the cooling medium is provided to the burner through the discharge pipe.

6. The fuel processing apparatus of claim 3, wherein:

the reactor main body has a catalyst therein, and
an inlet pipe and an outlet pipe for the reformed gas are connected to a sidewall upper end and a sidewall lower
end of the reactor main body that abut against the catalyst.

7. The fuel processing apparatus of claim 6, wherein:

the cooling flow path includes a first cover plate which covers an upper end of the catalyst, a second cover plate
which covers a lower end of the catalyst, and a plurality of cooling pipes which is connected to the first cover
plate and the second cover plate and penetrates the catalyst, and
the supply pipe and the discharge pipe for the cooling medium are connected to lower and upper ends of the
reactor main body.

8. The fuel processing apparatus of claim 7, wherein:

an edge of the first cover plate and an edge of the second cover plate are sealed to prevent a leak of the
reformed gas inputted to the catalyst.

9. A fuel cell system including:

a fuel cell; and
a fuel processing apparatus which supplies the fuel cell with reformed gas containing hydrogen,
wherein the fuel processing apparatus includes:

a reforming reactor which produces the reformed gas from a gas mixture of water and a raw material for
power generation;
a burner which supplies heat to the reforming reactor;
a water gas reactor which includes a reactor main body that is supplied with the reformed gas from the
reforming reactor and reduces concentration of carbon monoxide in the reformed gas and a cooling flow
path that is installed in the reactor main body; and
a valve which controls a supply of a cooling medium to the cooling flow path while distinguishing a startup
and a normal operation of the water gas reactor.

10. The fuel cell system of claim 9, wherein:

the burner is supplied with burner fuel and burner air through a fuel pipe and an air pipe, and
the cooling medium is the burner air supplied to the burner.

11. The fuel cell system of claim 10, wherein:

the cooling flow path is connected to a supply pipe and a discharge pipe outside the reactor main body,
the supply pipe is connected to the air pipe, and
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the discharge pipe is connected to any one of the air pipe and the fuel pipe.

12. The fuel cell system of claim 11, wherein:

the valve is a 3-way valve connected to the air pipe and the supply pipe, the valve provides the cooling medium
to the burner through the air pipe when the water gas reactor starts up, and the valve provides the cooling
medium to the cooling flow path through the supply pipe when the water gas reactor normally operates.

13. The fuel cell system of claim 12, wherein:

a temperature of the cooling medium provided to the cooling flow path is increased through heat exchange with
the water gas reactor, and then the cooling medium is provided to the burner through the discharge pipe.

14. The fuel cell system of claim 11, wherein:

the reactor main body has a catalyst therein, and
an inlet pipe and an outlet pipe for the reformed gas are connected to a sidewall upper end and a sidewall lower
end of the reactor main body that abut against the catalyst.

15. The fuel cell system of claim 14, wherein:

the cooling flow path includes a first cover plate which covers an upper end of the catalyst, a second cover plate
which covers a lower end of the catalyst, and a plurality of cooling pipes which is connected to the first cover
plate and the second cover plate and penetrates the catalyst, and
the supply pipe and the discharge pipe for the cooling medium are connected to lower and upper ends of the
reactor main body.

16. The fuel cell system of claim 15, wherein:

an edge of the first cover plate and an edge of the second cover plate are sealed to prevent the reformed gas
inputted to the catalyst from leaking.
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