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A fuel cell (100) has an electrical generation section (24) including an anode, an electrolyte, and a cathode; a porous-body flow
passage (50, 60) disposed on at least one side of the anode side of the electrical generation section and the cathode side thereof;
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and a separator (10) disposed on the opposite side of the porous-body flow passage from the electrical generation section;

wherein the porous-body flow passage includes a high porosity location (51, 61) having a higher porosity than an average porosity
thereof and a low porosity location having a lower porosity than the average porosity thereof, wherein the high porosity location

communicates with a gas discharging-side manifold (41b, 42b) via the low porosity location.
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(57) Abstract: A fuel cell (100) has an electrical generation section (24) includ-

ing an anode, an electrolyte, and a cathode; a porous-body flow passage (50, 60)

disposed on at least one side of the anode side of the electrical generation section
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and the cathode side thereof; and a separator (10) disposed on the opposite side
of the porous-body flow passage from the electrical generation section; wherein
the porous-body flow passage includes a high porosity location (51, 61) having a
higher porosity than an average porosity thereof and a low porosity location having
a lower porosity than the average porosity thereof, wherein the high porosity lo-
: cation communicates with a gas discharging-side manifold (41b, 42b) via the low
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FUEL CELL HAVING A POROUS-BODY FLOW PASSAGE

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The present invention relates to a fuel cell.
2. Description of the Related Art

[0002] A tuel cell is a device that obtains electrical energy generally by using
hydrogen and oxygen as a fuel. Because fuel cells are superior in terms of the
environment and increased energy etticiency, development of fuel cells 1s being pursued
as a future energy-supplying system.

0003} For example, the Japanese Patent Application Publication No. 6-349508
describes art in which porous body electrically conductive current collector electrodes
are disposed on both surfaces of a membrane-electrode assembly (MEA) to function as a
gas flow passage and a current collector. According to this art, it is possible to distribute
current to the membrane-electrode assembly.

[0004] With the art described in the Japanese Patent Application Publication No.
6-349508, however, when a part within the porous electrically conductive electrical
collector electrode 1s blocked by liquid water, there i1s a possibility that reactant gas 1s not

supplied to the electrode, which could lead to a decrease 1n electrical generating capacity.

SUMMARY OF THE INVENTION

[0005] The present invention provides a fuel cell that suppresses a decrease in
electrical generating performance.

[0006] A first aspect of the present invention relates to a fuel cell. The tuel cell
has an electrical generation section that includes an anode, an electrolyte, and a cathode;
a porous-body flow passage disposed on at least one side of the anode side of the
electrical generation section and the cathode side thereof; and a separator disposed on the

opposite side of the porous-body flow passage from the electrical generation section. The

porous-body flow passage includes a high porosity region having a higher porosity
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than an average porosity thereof and a low porosity region having a lower porosity than
the average porosity theréof.- The high porosity region communicates with a gas
discharge-side manifold via the low porosity region.

[0007] Inthe ‘fuel cell according to the first aspect of the present invention, a
reactant gas flows easily through the high porosity region, because the high porosity
region has small resistance inﬁpeding the flow of reactant gas. The reacta.nt gas
therefore diffuses easily through the entire porous-body flow passage via the high
poOrosity région. It is possible to discharge water that is produced at the time of
electrical genefation (water produced by electrical generation) via the high porosity
regioh. It is thus possible to suppress water produced by electrical generation from
accufnulating. As a result, a decrease in electrical generating efficiency can be
suppressed.

[0008] The high porosity region may extend from a gas supply side to a gas
exhaust side. In this case, the water produced by electrical generation generally tends to

accumulate on the downstream side. The reactant gas is thus difficult to diffuse on the

- downstream side. According to the fuel cell of the first aspect of the present invention,

however, even if the water produced by electrical generation accumulates on the
downstream side of the porous-body flow passage, the diffusion of gas to the downstream
side of the porous-body flow passage is promoted. Therefore, a decrease 1n electrical
geherating efficiency may be suppressed more efficiently.

[0009] The high porosity region may be connected to a gas supplying;side
manifold. In this case, the reactant gas easily diffuses via the high porosity region.
The porous-body flow passage may have a plurality of high porosity regions. In this
case, the gas diffusion is promoted. The lengths of each high porosity region may be

different. In this case, the reactant gas can be easily supplied through the entire

electrical generation section.

[0010] The fuel cell may further have a flow control member that controls a flow
of discharge gas from the anode, in which the porous-body flow passage may be disposed

at least at the anode side of the electrical generation section. The flow control member
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may stop the flow of discharge gas from the anode.  In this case, controlling the flow of
the anode off-gas improves the consumption efficiency of hydrogen. Even though the
flow of anode off-gas stops, the diffusion of fuel gas in the porous-body flow passage 1s
promoted, thereby increasing the time that the electrical generation section generates
electricity when the flow of anode off-gas stops. The consumption etficiency of
hydrogen can therefore be promoted.

[0011] The flow control member may be a valve capable of control to stop the gas
flow. The fuel cell may further have a voltage-detecting unit that detects a voltage of
the fuel cell in which the valve may be switched based on a voltage detected by the
voltage-detecting unit.

. [0012] The fuel cell may further have a pressure loss adjusting section that adjusts
the. pressure loss of anode discharge gas to make it larger than that of gas supplied to the
anode, in which the porous-body flow passage may be disposed at least on the anode side
of the electrical generation section. In this case, even though the anode off-gas flow 1s *
suppressed, the diffusion of fuel gas in the porous-body flow passage can be promoted,
thereby lengthening the time that the electrical generation section can generate electricity
when the flow of anode off-gas is suppressed. The consumption efficiency of hydrogen
is thereby enhanced. Additionally, the high porosity region may be a void. In this case,
the high porosity region is easily formed. The high porosity region may be a cut-out or
a groove that is formed on the separator side of the porous-body flow passage. The
separator may have a platé-like shape.

[0013] According to the present invention, a decrease in electrical generating

performance of the fuel cell can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The foregoing and further features and advantages of the invention will
become apparent form the following description of example embodiments with reterence

to the accompanying drawings, wherein like numerals are used to represent like elements,

and wherein:
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FIG. 1 is a simplified drawing of a fuel cell according to a first embodiment of the

present invention;

FIG. 2A to FIG. 2D are drawings describing the details of an separator and an MEA

with a separator and sealing gasket;
FIG. 3A and FIG. 3B are drawings describing the details of the porous-body flow
passages;
FIG. 4A to FIG. 4F are drawings showing examples cut-out shapes;
FIG. 5 is a drawing showing another example of a porous-body flow passage; and
FIG. 6 is a schematic view showing the overall configuration of a fuel cell system

provided with the fuel cell according to a second embodiment of the present invention.

DETAILED DESCRIPTION OF THE_EMBODIMENTS

[0015] The best mode of practicing the present invention described below.

[0016] FIG. 1 is a simplified drawing showing a fuel cell 100 according to the
first embodiment of the present invention. As shown in FIG. 1, the fuel cell 100 1s
configured by a plurality of membrane-electrode assemblies with sealing gaskets
(hereinafter MEA-gasket assemblies) 20 having a porous-body flow passage 50 disposed
on one surface and a porous-body flow passage 60 disposed on another surface, the
plurality of MEA-gasket assemblies being laminated with separators 10 therebetween.
The separator 10 has a plate-like shape, in which a center plate 12 is sandwiched between
a cathbde-Opposing plate 11 a'nd an anode-opposing plate 13. The three plates making
up the separator 10 may be joined by, for example, hot-pressing.

[0017]  The porous-body flow passages 50, 60 are made of a porous, electrically
conductive material. It -is possible to use, for example, a foam-sintered metal, such as
porous stainless steel, as the porous-body flow passages 50, 60. The average porosity of
the porous-body flow passages 50, 60 is, for example, approximately 70% to 85%, the
average pore diameter therein is, for example, approximately 50 um to 150 um, and the
thickness thereof is approximately 0.6 mm. The porous-body tlow passage SO functions

as a flow passage for oxidizing gas, and the porous-body flow passage 60 functions as a

4 '
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flow passage for fuel gas. The porous-body flow passages 50, 60 also serve as current
collectors. The porous-body flow passage 50 has a plurality of cut-outs 51 formed
therein, and the porous-body flow passage 60 has a plurality of cut-outs 61 formed
therein. Details of the cut-outs 51, 61 are described later.

[0018] The MEA-gasket assembly 20 has a membrane-electrode assembly (MEA)
21 and a sealing gasket 22. The MEA il has an electrical generation section 24, in
which a ca;alyst layer is formed on both surfaces of an electrolyte membrane that has
proton conductivity, a gas-diffusing layer 23 formed on one surface of the electrical
generation section 24, and a gas-diffusing layer 25 formed on the other surface of the
electrical generation section 24.

[0019] The gas-diffusing layers 23, 25 may be made from a porous, electrically
conductive material, such as carbon paper. . The gas-diffusing layer 23 diffuses oxidizing
gas flowing in the porous-body flow passage 50 into the electrical generation section 24.
The gas-diffusing layer 25 diffuses fuel gas flowing in the porous-blody ﬂow passage 60
into the electrical generation section 24. Thus, the gas-diffusing layers 23, 25 have a
different from that of the porous-body ﬂolw passages 50, 60. In this embodiment, one
side surface of the MEA 21 functions as a cathode, and the other side surface of the MEA
21 functions as an anode.

[0020] FIG. 2A to FIG. 2D are provided to describe the details of the separator 10
and the MEA-gasket assembly 20. FIG. 2A is a schematic plan view of the
cathode-opposing plate 11, FIG. 2B is a schematic plan view of the anode-opposing plate
13, FIG. 2C is a schematic plan view of the center plate 12, and FIG. 2D is a schematic '
plan view of the MEA-gasket assembly 20.

[0021] The cathode-opposing plate 11 is a rectangular metal plate. A plate made
of, for example, titanium, a titanium alloy, or stainless steel, the surface of which has
been plated to prevent corrosion, may be used as the metal plate. The cathode-opposing
plate 11 may have a thickness of, for example, approximately 0.15 mm.

[0022] As shown in FIG 2A, the part of the cathode-opposing plate 11 that

opposes the MEA 21 (hereinafter referred to as the electrical generation region X) is flat.
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A fuel gas supplying manifold 41a, a fuel gas discharging manifold 41b, an oxidizing gas
supplying manifold 42a, an oxidizing gas discharging manifold 42b, a coolant supplying
manifold 43a, and a coolant discharging manifold 43b are provided on the outer
periphery of the cathode-opposing plate 11.  In addition, a plurality of oxidizing gas
supply holes 44a and a plurality of oxidizing gas diécharge holes 44b are formed on the
cathode-opposing plate 11. Thé foregoing manifolds and holes pass through the
cathode-opposing plate 11 in the thickness direction thereof.

[0023] The anode-opposing plate 13 is a rectangular m'etal plate having
substantially the same shape as the cathode-opposing plate 11 and is made of a matenal
similar to the cathodé-Opposing plate 11. The anode-opposing plate 13 may have a
thickness of, for example, 0.15 mm. As shown in FIG. 2B, the electrical generation
region X of the anode-opposing plate 13 1s flat.

[0024] Similar to the cathode-opposing blate 11, a fuel gas supplying manifold
41a, a fuel gas discharging manifold 41b, an oxidizing gas supplying manifold 42a, an
oxidizing gas discharging manifold 42b, a coolant supplying manifold 43a, and a coolant
discharging manifold 43b are formed on the outer peripl;ery of the anode-opposing plate.
13. -Likewise, a plurality of fuel gas supply holes 45a and a plurality of fuel gas
discharge holes 45b are formed on the anode-opposing plate 13. The foregoing
manifolds and holes pass through the anode-Opposing plate 13 in the thickness direction
thereof.

[6025] The center plate 12 is a rectangular metal plate haviﬁg the same shape as
the cathode-opposing plate 11, and is made of a material similar to the cathode-opposing
plate 11. The center plate 12 may have a thickness of, for example, 0.35 mm.

[0026] Similar to the cathode-opposing plate 11, a fuel gas supplying manifold
41a, a fuel gas discharging manifold 41b, an oxidizing gas supplying mahifold 42a, and
an oxidizing gas discharging manifold 42b are formed on the outer periphery of the
center plate 12. The center plate 12 has a plurality of tuel gas supply flow passages 46a,

one end of which communicates with the fuel gas supplying manifold 41a, and the other

end of which communicates with the fuel gas supplying'manifold 45a. In the same

p \
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manner, the center plate 12 has a plurality of fuel gas discharge flow passages 46b, one
end of which communicates with the fuel gas discharging manifold 41b and the other end
of which communicates with the fuel gas discharging manifold 45b.

[0027] Additionally, a plurality of oxidizing gas supply flow passages 47a, one
end of which communicates with the oxidizing gas supply manifold 42a and the other end
which communicates with the oxidizing gas supplying holes 44a are formed in the center
plate 12. In the same manner, a plurality of oxidizing gas discharge flow passages 47b,
one end of which co’iﬁmunicates with the oxidizi.ng gas discharging manifold 42b and the
other end of which communicates with the oxidizing gas discharge holes 44b are formed

in the center plate 12. In addition, a plurality of coolant flow passages 48, one end of

‘which communicates with the coolant supplying manifold 43a and the other end of which

communicates with the coolant discharging manifold 43b are also formed 1n the center
plate 12. The foregoing flow passages pass through the center plate 12 in the thickness
direction thereof.

[0028] As shown in FIG. 2D, the structure of the MEA-gasket éssembly 20 has a
sealing gasket 22 on the outer peripheral edge of the MEA 21. The sealing gasket 22 1s
made of a resin material such as silicone rubber, butyl rubber, or fluorine-based rubber.
The sealing gasket 22 is manufactured by injection molding, with the outer periphery of
the MEA 21 facing the cavity of the mold to injection mold the above-noted resin
material. By using this method, the MEA 21 and sealing gasket 22 are joined without a
gap therebetween. By doing this, it is possible to prevent the leakage of coolant,
oxidizing gas, and fuel gas from the joint.

[0029] Similar to the cathode-opposing plate 11, a fuel gas supplying manifold
41a, a fuel gas discharging manifold 41b, an oxidizing gas supplying manifold 42a, an
oxidizing gas discharging manifold 42b, a coolant supplying manifold 43a, and a coolant
discharging manifold 43b are formed in the sealing gasket 22. The sealing gasket 22
provides a seal between two separators, which make contact with the upper surface and
the lower surface thereof. The sealing gasket 22 provides a seal between the outer

periphery of the MEA 21 and the outer periphery of the manifolds.
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[0030] The general operation of the fuel cell 100 will now be described. First,
fuel gas that contains hydrogen is supplied to the fuel gas supplying manifold 41a. The
fuel gas is supplied via the fuel gas sﬁpplying manifold 46a to the porous-body flow
passage 60. Fuel gas supplied to the -porous-body flow passage 60 passes throuéh the
porous-body flow passage 60 as it is supplied to the gas-diffusing layer 25 on the anode
side of the MEA 21. The fuel gas supplied to the gas-diffusing layer 25 diffuses through
the gas-diffusing layer 25 and reaches the catalyst layer on the anode side of the electrical
generation section 24. The hydrogen contained in the fuel gas is converted to protons at
the catalyst layer of the electrical generation section 24. The converted protons are

conducted through the electrolyte membrane of the electrical generation section 24 and

reach the catalyst layer on the cathode side.

[0031] Oxidizing gas that contains oxygen is supplied to the oxidizing gas
supplying manifold 42a. The oxidizing gas is supplied via oxidizing gas supplying
passage 47a to the porous-body flow passage 50. The oxidizing gas supplied to the
porous-body flow passage 50 flows through the porous-body flow passage 50 as 1t is
supplied to the gas-diffusing layer 23 on the cathode side of the MEA 21. The oxidizing
gas supplied to the gas-diffusing layer 23 diffuses through the gas-diffusing layer 23 and
reaches the catalyst layer on the cathode side of the electrical generation section 24.

After that, water is produced and electricity is generated from the oxygen in the oxidizing
gas and the protons that reached the catalyst layer on the cathode side. The generated
electrical energy is recovered via the porous-body flow passages 50, 60 and the
separators 10.

[0032]) Cooling water, for example, may be supplied to the coolant supplying
manifold 43a. The coolant flows through the coolant flow passage 4'8 and cools the fuel
cell 100. By doing this, it is possible to adjust the temperatufe of the fuel cell 100 to an
appropriate temperature.  After flowing through the coolant flowing passage 48, coolant
1S diScharged to the outside via the coolant discharging manifold 43b. Fuel gas not used

in electrical generation is discharged to the outside via the fuel gas discharge flow

passage 46b and the fuel gas discharging manifold 41b. Also, oxidizing gas not used in

8
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electrical generation is discharged to the outside via the oxidizing gas disbharge flow
passage 47b and the oxidizing gas discharging manifold 42b.

[0033] The detéils of the porous-body flow passages 50, 60 will now be described.
FIG. 3A and FIG. 3B describe the details of the porous-body flow passage 50, 60. FIG.
3A shows the boundary of the porous-body tlow passage 50 with the separator 10, and

FIG. 3B shows the boundary of the porous-body flow passage 60 with the separator 10.

As shown in FIG. 3A and FIG. 3B, the porous-body flow passages 50, 60 have

substantially the same shape as the electrical generation section 24. The porous-body
flow passages 50, 60 have dimensions of, for example, 85 mm x 278 mm.

[0034] As shown in FIG. 3A, a plurality of cut-outs 51 are formed on the
separator 10 side of the porous'-body flow passage 50. The cut-outs 51 extend 1n the
direction from the oxidizing gas supply holes 44a to the oxidizing gas discharge holes
44b. The cut-outs 51 are formed with a mutual spacing‘therebetween of, for example,
approximately several millimeters to several centimeteré. The width of the cut-outs 51

may be, for example, approximately 1 mm to 4 mm. Although the cut-outs 51 may be

directly connected to the oxidizing gas supplying manifold 42a via the oxidizing gas

supply holes 44a, they are connected to the oxidizing gas discharge holes 44b via the
porous conductor forming the porous-body flow passage 50.

[0035] Because there is little resistance to the flow of gas at the cut-outs 51, 1t 1s
easy for oxidizing gas to flow through the cut-outs 51. The oxidizing gas, therefore,
diffuses throughout the entire porous-body flow passage 50 via the cut-outs 51. The
water produced by electrical generation in general tends to accumulate downstream,
making diffusion of gas difficult downstream. However, with the above-described
configuration, eveh if water produced by electrical generation accumulates downstream
from the porous-body flow passage 50, diffusion 6f gas 1n the downstream direction from
the porous-body flow passage 50 is promoted.

[0036] In this case, it is possible to make the electrical generation distribution In
the MEA 21 uniform, and to improve transient response. That is, when there 1s a

variation in the amount of oxidizing gas supplied, the amount of time for the amount of

9
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electricity generated in the MEA 21 to reach an amount of electricity matching the
amount of oxidizing gas supplied 1s reduced. This' Is because supply of oxidizing gas to
the entire MEA 21 is facilitated. The drainage of water is also improved. That is, 1t
becomes easy to discharge water generated at the time of electrical generation via the
cut-outs 51. By doing this, 1t 1s possible to suppress accumulation of water produced by
clectrical generatioh.

[0037] As shown in FIG. 3B, a plurality ot cut-outs 61 are formed on the
separator 10 side of th(? porous-body flow passage 60. The cut-outs 61 extend in the
direction from the fuel gas supply holes 45a to the fuel gas discharge holes 45b. The
width of the cut-outs 61 may be, for example, approximately 1 mm to 4 mm. Although
the cut-outs 61 may be connected directly to the fuel gas supplying manifold 41a via the
fuel gas supply holes 45a, they are connected to the fuel gas discharge holes 45b via the
porous conductor that forms the porous-body flow passage 60. '

- [0038] By adoptin'g the above-described configuration, the fuel gas diffuses
throughout the entire porous-body flow passage 60 via the cut-outs 61. By doing this,
the diffusion of the fuel gas is improved. In this case, it is possible to make the
electrical generation distribution of the MEA 21 uniform, and to improve the transient
response. That is, when there is variation in the amount of fuel gas supplied, the amount
of time for the amount of electricity generated in the MEA 21 to reach an amount of
electricity matching the amount of fuel gas supplied is shortened. Additionally,
drainage of water is improved when water produced in electrical generation diffuses 1n
reverse to the anode side.

[0039] The lengths of the cut-outs 51 may vary between each cut out 51.

Having cut-outs 51 of different lengths facilitates the diffusion of fuel gas throughout the
entire porous-body- flow passage 50. In the same manner, by varying the lengths of each
cut-out 61 facilitates the diffusion of the fuel gés throughout the entire porous-body tlow
passage 60.

[0040] FIG. 4A to FIG. 4F show examples of the shapes of the cut-outs 61. The.

configuration described below may aiso be applied to the cut-outs 51. As shown 1n FIG.

10
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4A and FIG. 4B, the cut-outs 61 may have rectangular cross-sections. As shown 1n FIG

4A, the cut-outs 61 may be channel-shaped and formed between the separator 10 and the

‘porous-body flow passage 60. As shown 1n FIG. 4B, the cut-outs 61 may be

channel-shaped and formed between the MEA 21 and the porous-body flow passage 60.

[0041)] As shown in FIG. 4C and FIG. 4D, the cut-outs 61 may have a triangular
cross-section.  If the cut-outs 61 are formed between the separator 10 and the
porous-body flow passage 60, it is preferable that the triangles open toward the séparator
10. If the cut-outs 61 are formed between the MEA 21 and the porous-body flow
passage 60, it is preferable that the triangles-o'gpen toward the MEA 21. Thisis to
facilitate formation of the cut-outs 61 in the porous-body tlow passag.e 60.

[0042] As shown in FIG 4E, grooves 62 that divide the porous-body flow passage
60 in the gas flow direction may be provided in place ot thel cut-outs 61. Additionally,
as shown in FIG. 4F, through-holes 63 passing through the porous-body flow passage 60
in the gas flow direction may be provided in place of the cut-outs 61. Although the
grooves 62.and the through-holes 63 may directly communicate with the fuel gas supply
holes 45a, they communicate with the fuel gas discharge holes 45b via the porous
conductor that forms the porous-body flow passage 60.

[0043] As shown in FIG. 5, low porosity portion 54 having an porosity lower than
the average porosity of the porous-body flow passage 50 may be provided in place of the
voids such as the cut-outs 51. In this case as well, in addition to promoting the ditffusion
of gas via the low porosity portion 54, it is possible to improve the drainage of water
produced by electrical generation. In the porous-body flow passage 60 as well, low
porosity portion having porosity lower than the average porosity of the porous-body flow
passage 60 may be provided in place of the cut-outs 61.

[0044] As long as the one of the above-described cut-outs, grooves, or
through-holes i's provided in either of the porous-body flow passages 50, 60 the 'effect of
the present invention may be achieved. The effect of the present invention may be

achieved in any fuel cell in which the accumulation of water produced by electrical

generation hinders the diffusion of gas in a porous-body flow passage. The above-noted
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cut-outs, grooves, and through-holes may be formed by, for example, polishing or
etching. .

[0045] In this embodiment, the electrically ,conduqtive material that forms the
porous-body flow passages 50, 60 is an embodiment of the low porosity region, the
cut-outs 51, 61, the grooves 62, and the through-holes 63 are embodiments of the high
porosity regions, the fuel gas .discharging manifold 41b or oxidizing gas discharging

manifold 42b are embodiments of the gas discharging-side manifold, and the fuel gas

- supplying manifold 41a or the oxidizing gas supplying manifold 42a are embodiments of

the gas supplying-side manifold.

[0046] A fuel cell 200 according to the second embodiment of the present
invention will now be described. FIG. 6 1s a schematic view showing the overall
configuration of a fuel cell system 300 provided with the fuel cell 200.  As shown 1n FIG.
6, the fuel cell system 300 has a fuel cell 200, an oxidizing gas supplying means 110, a
fuel gas supplying means 120, a voltage-detecting means 130, and a controller 150. The

fuel cell 200 has a construction that is the fuel cell 100 of the first embodiment with the

addition of a valve 140.

[0047] The oxidizing gas supplying means 110 is an apparatus for supplying gas
containing ox’ygen to the oxidizing gas supplying manifold 42a of the fuel cell 200. An

air pump, for example, may be used as the oxidizing gas supplying means 110. The tuel
gas supplying means 120 is an apparatus for supplying fuel gas containing hydrogen to
the fuel gas supplying manifold 41a of the fuel cell 200. A liquid hydrogen tank or
reformer, for example, may be used as the fuel gas supplying means 120.

[0048] The voltage-detecting means 130 may be a voltmeter or the like that
detects the genverated voltage of the fuel cell 200. The valve 140 controls the flow of the
fuel gas discharged from the fuel cell 200, and is connected to the fuel gas discharging
manifold 41b of the fuel cell 200. The controller 150 includes a CPU (central
processing unit), a ROM (read-only memory), and a RAM (random-access memory).

[0049] The operation of the fuel cell system 300 will now be described. The

oxidizing gas supplying means 110, in accordance with an instruction from the controller
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150, supplies a required amount of oxidizing gas to the oxidizing gas supplying manifold
42a. The fuel gas supplying means 120,.in accordance with an instruction from the
controller 150 supplies a required amount of fuel gas to the fuel gas supplying manifold
41a. The voltage-detecting means 130 detects. the voltage generated by the fuel cell 200, ‘
and communicates the detected voltage to the controller 150. The valve 140, in
accordance with an instruction from the controller 150, controls the amount of fuel gas

discharged from the fuel cell 200. The controller 150, 1n accordance with the detected

- voltage, controls the oxidizing gas supplying means 110, the fuel gas supplying means

120, and the valve 140.

[0050] If the valve 140 is closed, the fuel gas flow passage is in a dead-end
condition. In this case, it is possible to suppress the unused hydrogen. It is therefore
possible to use the hydrogen contained in the f:uel gas efficiently to generate electricity.
Also, there is no need to discharge hydrogen to the outside. However, when the valve
140 is closed at all times, nitrogen that diffuses from the cathode side may accumulate at
the anode side, and waicr produced by electrical generation might accumulate at the
anode side. If this occurs, the electrical generation efficiency of the fuel cell 200 1s
adversely affected.

[0051] Based on the detected voltage, the controller 150, controls the valve 140 to
open when the vqltage ge'nerated by the fuel cel'l 200 lower than a voltage that
éorresponds to the amount of oxidizing gas supplied and fuel gas supplied. By doing
this, it is possible to discharge nitrogen gas and Water produced by electrical generation,
which accumulate at the anode side. As a result, it is possible to suppress a decrease in
the electrical generation efficiency of the fuel cell 200.

[0052] -In this embodiment, cut-outs, grooves, or through-holes such as described
regarding the first embodiment are provided in the porous-body flow passage 60 of the
fuel cell 200. In this case, if the fuel gas flow passage is in the dead-end condition, it 1s
possible to improve the diffusion of fuel gas. By doing this, it is possible to increase the
length of time over which electrical generation 1s possible In the dead-end condition, the

result being an improvement in the consumption efficiency of the hydrogen. Also, the
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efficiency of discharging nitrogen gas and water produced by electrical generation 1s

improved if the valve 140 is in the open condition.

[0053] The fuel gas flow passage of the fuel cell 200 may be in the dead-end

condition at all times. That is, the valve 140 may be closed at all times, and a member

may be provided that blocks the fuel gas discharging manifold 41b 1n place of the valve
140. This is because, in this case as well, if the cut-outs, grooves, or through-holes are

provided in the porous-body flow passage 60, it is possible to improve the diffusion ot

fuel gas.

[0054] The fuel cell 200 may have a dead-end structure, in which the pressure
loss of the fuel gas discharged from the fuel gas discharging manifold 41b 1s higher than
the pressure loss of the fuel gas supplied to the fuel gas supplying manifold 41a. That 1s,
the fuel cell 200 may have a dead-end structure in which the cross-sectional flow area of
the discharged fuel gas is made smaller by the valve 140. Also, the fuel cell 200 may
have a structure in which the cross-sectional flow area of the discharged fuel gas 1s
smaller than the cross-sectional flow area on the fuel gas supply side.

[0055] As described above; the dead-end structure in this embodiment
encompasses a structure in which the fuel gas outlet port is always blocked, a structure 1n
which the fuel gas outlet can be selected as either the open or closed condition, and a
structure in which the pressure loss at the fuel gas outlet side 1s larger than the pressure

loss at the fuel gas inlet side.

[0056] In this embodiment, the valve 140 functions as a flow control member or a
pressure loss adjusting section.

[0057] While the invention has been described with reference to what are
considered to be example embodiments thereof, it is to be understood that the invention is

not limited to the described embodiments or constructions. On the contrary, the
invention is intended to cover various modifications and equivalent arrangements. In

addition, while the various elements of the disclosed invention are shown in various
example combinations and configurations, other combinations and configurations,

including more, fewer, or only a single element, are also within the scope of the appended
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What 1s claimed 1s:

]. A tuel cell comprising:

a membrane-electrode assembly having an anode, a cathode and an electrical
generation section that includes an electrolyte;

a porous-body tlow passage disposed on at least one of an anode surface and a
cathode surface of the membrane-electrode assembly; and

a separator disposed on the opposite side of the porous-body flow passage from the
electrical generation section;

wherein the separator has a gas supply manifold and a gas supply hole for
supplying gas, and a gas discharge manifold and a gas discharge hole for discharging the
gas, wherein the gas 1s fuel gas or oxidizing gas;

the porous-body flow passage is made of metal and includes a high porosity region
having a higher porosity than an average porosity thereof and a low porosity region having
a lower porosity than the average porosity thereof, and

the high porosity region extends in the direction from the gas supply hole formed
in the separator to the gas discharge hole formed in the separator to communicate with the

gas discharge manifold via the low porosity region.

2. The fuel cell according to claim 1, wherein the high porosity region 1s directly

connected to the gas supply manifold.

3. The fuel cell according to claim 1 or 2, wherein the membrane-electrode assembly

has a gas-diffusing layer formed on both surfaces of the electrical generation section.

4. The fuel cell according to any one of claims 1 to 3, wherein the porous-body tflow

passage has a plurality of high porosity regions.

5. The fuel cell according to claim 4, wherein the length of each high porosity region

1s difterent.

16
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6. The fuel cell according to any one of claims 1 to 5, further comprising:
a tlow control member that controls a flow of discharge gas from the anode,

wherein

the porous-body flow passage 1s disposed at least at the anode side of the electrical

generation section.

7. The tuel cell according to claim 6, wherein:

the flow control member stops the flow of discharge gas from the anode.

8. The fuel cell according to claim 6 or 7, wherein the flow control member is a
valve.
9. The fuel cell according to claim 8, further comprising:

a voltage-detecting unit that detects a voltage of the fuel cell wherein the valve is

switched based on a voltage detected by the voltage-detecting unit.

10.  The fuel cell according to any one of claims 1 to 9, wherein the separator has a

plate-like shape.
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