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passage which includes the intermediate fuel gas flow passage.
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ABSTRACT OF THE DISCLOSURE

A cell assembly 1s formed by stacking a first cell and
a second cell. 1In the cell assembly, oxygen-containing gas
flow passages are connected in series by an intermediate
oxygen-containing gas flow passage, and fuel gas flow
passages are connected in series by an intermediate fuel gas
flow passage. An additional oxygen-containing gas is
supplied to an oxygen-containing gas passage which includes
the intermediate oxygen-containing gas flow passage. ‘An

additional fuel gas is supplied to a fuel gas passage which

includes the intermediate fuel gas flow passage.
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A FUEL CELL STACK AND A METHOD OF SUPPLYING REACTANT GASES

TO THE FUEL CELL STACK

BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to a fuel cell stack
including a cell assembly of unit cells stacked together,
and a method of supplying reactant gases to the fuel cell
stack. Each of the unit cells has a membrane electrode
assembly including an anode, a cathode, and an ion exchange
membrane of solid polymer electrolyte interposed between the
anode and the cathode.

Description of the Related Art:

Generally, a solid polymer electrolyte fuel cell
employs a membrane electrode assembly (MEA) which comprises
two electrodes (anode and cathode) and an electrolyte
membrane interposed between the electrodes. The electrolyte
membrane is a polymer ion exchange membrane (proton exchange
membrane). .  Each of the electrodes comprises a catalyst and
a porous carbon sheet. The membrane electrode assembly 1is
interposed between separators (bipolai plates). The
membrane electrode assembly and the separators make up a
unit of the fuel cell (unit cell) for generating
electricity. A plurality of unit cells are connected
together to form a fuel cell stack.

In the fuel cell, a fuel gas such as a hydrogen-

containing gas is supplied to the anode. The catalyst of
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the anode induces a chemlcal reaction of the fuel gas to
split the hydrogen molecule into hydrogen ions (protons) and
electrons. The hydrogen ions move toward the cathode
through the electrolyte, and the electrons flow through an
external circuit to the cathode, creating a DC electric
current. An oxygen-containing gas or air is supplied to the
cathode. At the cathode, the hydrogen ions from the anode
combine with the electrons and oxygen to produce water.

In the fuel cell, if the ion exchange membrane is
dried, it is not possible to keep the operation of high
output density. Therefore, it 1is desirable to moisten the
ion exchange membrane suitably. Further, the water produced
in the electrochemical reaction should be discharged from
the fuel cell stack, particularly from the cathode 1n order
to prevent the voltage drop of unit cell due to the
condensation of water vapor, for example.

In an attempt to provide a solution for the problems,
for example, Japanese laid-open patent publication No. 11-
312531 (prior art) discloses a fuel cell device which
includes cell stacks connected 1in series. The cell stack
includes a plurality of unit cells stacked together. Each
of the unit cells includes separators and a membrane
electrode assembly interposed between the separators. The
membrane electrode assembly includes an anode, a cathode,
and an ion exchange membrane of solid polymer electrolyte

interposed between the anode and the cathode. Reactant

gases flow through the cell stacks operated at low, middle,
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and high temperatures. The temperature of cell stacks

increases in the flow dlirection of the reactant gases. The

reactant gases are humidified according to the operating
temperature of the cell stack flowing at first, and supplied
to the cell stacks.

In the prior art, the fuel cell stacks are operated at
the low, middle, and high temperatures, such that the
temperature of the fuel cell stack increases 1n the flow
direction of reactant gases. Therefore, even 1f water vapor
is condensed in the fuel cell stack operated at the low
temperature, the condensed water is vaporized in the fuel
cell stack operated at the middle or high temperature.
Therefore, reaction of the oxygen-containing gas is carried
out suitably.

In the prior art, the fuel cell stacks need to be
controlled at different temperatures, for example, at 50°,
60°, 65°. Therefore, the temperature control is difficult,
and a complicated device 1is needed for the temperature

control.

SUMMARY OF THE INVENTION
A general object of the present invention is to provide
a fuel cell stack in which the power generation performance
in each of unit cells is improved effectively, the amount of
water needed for humidification is small, and the pressure

drops are small.

A principle object of the present invention 1is to
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provide a method of supplying reactant gases to a fuel cell
stack in which power generation is effectively carried out
in each of unit cells, and water is discharged form the fuel
cell stack efficliently.

According to the present invention, a reactant gas
including at least one of a fuel gas and an oxygen-
containing gas is supplied to the unit cells through
reactant gas flow passages. The reactant gas flow passages
are connected in series by a reactant gas passage to which
an additional reactant gas 1is supplied.

The reactant gas 1s supplied to an upstream unit cell
(unit cell on the upstream side) for inducing a chemical
reaction in the upstream unit cell. The reactant gas
supplied to the reactant gas after the chemical reaction in
the upstream unit cell and an additional reactant gas
supplied to the reactant passage are mixed, and the mixed
gas is supplied to a downstream unit cell (unit cell on the
downstream side) for inducing a chemical reaction in the
downstream unit cell.

Water produced in the upstream unit cell is used to
humidify the additional reactant gas supplied through the
reactant gas passage for supplying the humidified gas to the
downstream unit cell. Therefore, the amount of water needed
for humidifyving the reactant gas to the overall fuel cell
stack is very small, and the humidifying device is small.
Further, the pressure drops are small. Since the humidity

of the reactant gas passage is reduced by the additional
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reactant gas, 1t 1is possible to prevent the condensation of
water vapor in the reactant gas passage.

The above and other objects, features and advantages of
the present invention will become more apparent from the
following description when taken in conjunction with the
accompanying drawings in which preferred embodiments of the

present invention are shown by way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view showing main
components of a cell assembly as a part of a fuel cell stack
according to a first embodiment of the present invention;

FIG. 2 is a schematic perspective view showing the fuel
cell stack;

FIG. 3 is a partial cross sectional view showing the
cell assembly:

FIG. 4 1s a front view showing a first separator of the
cell assembly;

FIG. 5 is an exploded perspective view showing flows of
fluid in the cell assembly;

FIG. 6 1s a view showing the fluid flows in cell
assemblies;

FIG. 7 is an exploded perspective view showing main
components of a cell assembly as a part of a fuel cell stack

according to a second embodiment of the present invention;
FIG. 8 is a view showing flows of fluid in cell

assemblies:
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FIG. 9 is a view showing flows of fluid in cell
assemblies of another example;

FIG. 10 is a view showing flows of fluid in cell
assemblies of a fuel cell stack according to a third
embodiment of the present invention; and

FIG. 11 is a view showing flows of fluid in cell
assemblies of a fuel cell stack according to a fourth

embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 is a schematic exploded view showing main
components of a solid polymer cell assembly 10 of a fuel
cell stack 12 according to a first embodiment of the present
invention. FIG. 2 1is a schematic perspective view of the
fuel cell stack 12 formed by stacking a plurality of the
cell assemblies 10.

As shown in FIG. 1, a first unit of a fuel cell (first
unit cell) 14 and a second unit of a fuel cell (second unit
cell) 16 are stacked together to form the cell assembly 10.
The first unit cell 14 includes a first membrane electrode
assembly 18, and the second unit cell 16 includes a second
membrane electrode assembly 20.

The first membrane electrode assembly 18 includes a
cathode 24a, an anode 26a, and a solid polymer ion exchange
membrane 22a interposed between the cathode 24a, and the
anode 26a, and the second membrane electrode assembly 20

includes a cathode 24b, an anode 26b, and a solid polymer
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10on exchange membrane 22b interposed between the cathode
24b, and the anode 26b. Each of the cathodes, 24a, 24b, and
the anodes 26a, 26b 1s an electrode comprising a porous
carbon sheet having a catalyst lavyer.

As shown 1in FIGS. 1 and 3, a first separator 28 is
stacked on cathode 24a of the first membrane electrode
assembly 18, and a second separator 30 is stacked on the
anode 26b of second membrane electrode assembly 20. An
intermediate separator 32 is interposed between the first
membrane electrode assembly 18 and the second membrane
electrode assembly 20. Thin wall plates (partition walls)
34 are attached to opposite outer surfaces of the first
separator 28 and the second separator 30. Each of the first
separator 28, the second separator 30, and the intermediate
separator 32 is made of a dense carbon, for example.

As shown in FIG. 1, each of the first membrane
electrode assembly 18, the second membrane electrode
assembly 20, the first separator 28, second separator 30,
and the intermediate separator 32 has three holes at one
longitudinal end in a direction indicated by an arrow B.
When the first membrane electrode assembly 18, the second
membrane electrode assembly 20, the first separator 28,
second separator 30, and the intermediate separator 32 are
stacked in a direction indicated by an arrow A, these holes
form an oxygen-containing gas supply passage 36a, an oxygen-
containing gas discharge passage 36b, and a fuel gas passage

38. The oxygen-containing gas supply passage 36a and the
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oxygen-containing gas discharge passage 36b are passages for
an oxygen-containing gas (reactant gas) such as air. The
fuel gas passage 38 is a passage for a fuel gas (reactant
gas) such as a hydrogen-containing gas. The reactant gases
flow in a direction from the first unit cell 14 on the
upstream side to the second unit cell 16 on the downstream
side. The fuel gas 1s supplied to the first unit cell 14
for inducing a chemical reaction in the first unit cell 14.
After the chemical reaction, the fuel gas is discharged from
the first unit cell 14. The fuel gas discharged from the
first unit cell 14 and an additional fuel gas supplied from
an external gas source flow through the fuel gas passage 38,
and are supplied to the second unit cell 16.

Further, each of the first membrane electrode assembly
18, the second membrane electrode assembly 20, the first
separator 28, second separator 30, and the intermediate
separator 32 has five holes at the other longitudinal end in
the direction indicated by the arrow B. When the first
membrane electrode assembly 18, the second membrane
electrode assembly 20, the first separator 28, second
separator 30, and the intermediate separator 32 are stacked
in the direction indicated by the arrow A, these holes form
an oxygen-containing gas passage 40 as a passage for the
oxygen-containing gas, a fuel gas supply passage 42a, a fuel
gas discharge passage 42b as passages for the fuel gas, a
coolant supply passage 44a, and a coolant discharge passage

44b as passages for a coolant. The oxygen-containing gas is
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supplied to the first unit cell 14 for inducing a chemical
reaction in the first unit cell 14. After the chemical
reaction, the oxygen-containing gas is discharged from the
first unit cell 14. The oxygen-containing gas discharged
from the first unit cell 14 and an additional oxygen-
containing gas supplied from an external gas source flow
through the oxygen-containing gas passage 40, and are
supplied to the second unit cell 16.

The first separator 28 is a thin metal plate having a
rough surface (e.g., corrugated surface) corresponding to a
reaction surface (power generating surface) of the first
membrane electrode assembly 18. As shown in FIGS. 3 and 4,
the first separator 28 has an oxygen-containing gas flow
passage (reactant gas flow passage) 46 comprising a
plurality of grooves on its surface facing to the cathode
24a of the first membrane electrode assembly 18. The
oxygen-containing gas flow passage 46 extends in a
longitudinal direction of the first separator 28 indicated
by the arrow B. The oxygen-containing gas flow passage 46
1s connected to the oxygen-containing gas supply passage 36a
at one end, and connected to the oxygen-containing gas
passage 40 at the other end.

As shown 1n FIGS. 1, and 3, the first separator 28 has
a coolant flow passage 48 comprising a plurality of grooves
on its surface facing to a surface of the wall plate 34.

The coolant flow passage 48 extends in the longitudinal

direction indicated by the arrow B. The coolant flow
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passage 48 1s connected to the coolant supply passage 44a at
one end, and connected to a hole 50 of the wall plate 34 at
the other end. The hole 50 is a turning point of the
coolant flow, and connected to the coolant discharge passage
44b through a passage on the other surface of the wall plate
34. The hole 50 may be formed on another member (not shown)
instead of the wall plate 34.

The structure of the second separator 30 is
substantially the same as the structure of the first
separator 28. The second separator 30 has a fuel gas flow
passage (reactant gas flow passage) 52 comprising a
plurality of grooves on its surface facing to the anode 26b
of the second membrane electrode assembly 20. The fuel gas
flow passage 52 extends in the longitudinal direction
indicated by the arrow B. The fuel gas flow passage 52 is
connected to the fuel gas passage 38 at one end, and
connected to the fuel gas discharge passage 42b at the other
end. Further, the second separator 30 has a coolant flow
passage 54 comprising a plurality of grooves on its surface
facing to the wall plate 34 (see FIG. 3). The coolant flow
passage 54 extends 1in the longitudinal direction indicated
by the arrow B. The coolant flow passage 54 is connected to
the coolant discharge passage 44b at one end.

The structure of the intermediate separator 32 is
substantially the same as the structure of the first
separator 28 and the structure of the second separator 30.

The intermediate separator 32 has a fuel gas flow passage 56

~10-
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(reactant gas flow passage) comprising a plurality of
grooves on 1ts surface facing to the anode 26a of the first
membrane electrode assembly 18. The fuel gas flow passage
56 extends in the longitudinal direction indicated by the
arrow B. The fuel gas flow passage 56 is connected to the
fuel gas supply passage 42a at one end, and connected to the
fuel gas passage 38 at the other end.

As shown 1n FIG. 3, the intermediate separator 32 has
an oxygen-containing gas flow passage 58 (reactant gas flow
passage) comprising a plurality of grooves on its surface
facing to the cathode 24b of the second membrane electrode
assembly 20. The oxygen-containing gas flow passage 58
extends in the longitudinal direction indicated by the arrow
B. The oxygen-contalning gas flow passage 58 is connected
to the oxygen-contalning gas passage 40 at one end, and
connected to the oxygen-containing gas discharge passage 36b
at the other end.

In the first embodiment, the oxygen-containing gas flow
passage 46 of the first unit cell 14 and the oxygen-
containing gas flow passage 58 of the second unit cell 16
are connected in series, and the fuel gas flow passage 56 of
the first unit cell 14 and the fuel gas flow passage 52 of
the second unit cell 16 are connected in series. Cross
sectional areas of the oxygen-containing gas flow passages
46, 58 are different, and cross sectional areas of the fuel
gas flow passages 56, 52 are different. Specifically, as

shown in FIG. 3, the cross sectional area of the oxygen-
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containing gas flow passage 58 on the downstream side is
smaller than the cross sectional area of the oxygen-
containing gas flow passage 46 on the upstream side.
Similarly, the cross sectional area of the fuel gas flow
passage 52 on the downstream side 1s smaller than the cross
sectional area of the fuel gas flow passage 56 on the
upstream side. Alternatively, the cross sectional areas of
the oxygen-contalning gas passages or the fuel gas flow
passages may be the same.

As shown in FIG. 5, the oxygen-containing gas flow

passage 46 of the first unit cell 14 and the oxygen-

containing gas flow passage 58 of the second unit cell 16

are connected in series by the oxygen-gas passage 40, i.e.,
an intermediate oxygen-containing gas flow passage 57
connecting the first membrane electrode assembly 18 and
intermediate separator 32.

The fuel gas flow passage 56 of the first unit cell 14
and the fuel gas flow passage 52 of the second unit cell 16
are connected 1in series by the fuel gas passage 38, i.e., an
intermediate fuel gas flow passage 59 connecting the second
separator 32 and the second membrahe electrode assembly 20.

As shown 1in FI1G. 2, a predetermined number of the cell
assemblies 10 are fixed together using fixing means (not
shown), i.e., stacked together in the direction indicated by
the arrow A. Collecting electrodes 60a, 60b are stacked on
outside of outermost cell assemblies 10, respectively.

Further, end plates 62a, 62b are stacked on the outside of

_12-
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the current collectors 60a, 60b, respectively. The cell
assemblies 10 and the current collectors 60a, 60b are
fastened together to form the fuel cell stack 12 by
tightening the end plates 62a, 62b with an unillustrated tie
rod or the like.

At one longitudinal end of the end plate 62a, an
oxygen-containing gas supply port 64a, an oxygen-containing
gas discharge port 64b, and an intermediate fuel gas supply
port 65 are arranged. The oxygen-containing gas supply port
64a 1s connected to the oxygen-containing gas supply passage
36a, the oxygen-containing gas discharge port 64b is
connected to the oxygen-containing gas discharge passage
36b, and an intermediate fuel gas discharge port 65 is
connected to the fuel gas passage 38. At the other
longitudinal end of the end plate 62a, a fuel gas supply
port 66a, a fuel gas discharge port 66b, a coolant supply
port 68a, a coolant discharge port 68b, and an intermediate
oxygen-containing gas supply port 70 are arranged. The fuel
gas supply port 66a is connected to the fuel gas supply
passage 42a, the fuel gas discharge port 66b is connected to
the fuel gas discharge passage 42b, the coolant supply port
68a is connected to the coolant supply passage 44a, the
coolant discharge port 68b 1s connected to the coolant
discharge passage 44b, and the intermediate oxygen-
containing gas supply port 70 is connected to the oxygen-

containing gas passage 40.

Next, an operation of the fuel cell stack 12 will be
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described below.

In the fuel cell stack 12, a fuel gas such as a
hydrogen-containing gas is supplied to the fuel gas supply
port 66a, an oxygen-containing gas such as air is supplied
to the oxygen-containing gas supply port 64a, a coolant such
as a pure water, an ethylene glycol or an oil is supplied to
the coolant supply port 68a. From the fuel gas supply port
66a, the oxygen-containing gas supply port 64a, and the
coolant supply port 68a, the fuel gas, the oxygen-containing
gas, and the coolant are supplied to each of the cell
assemblies 10 stacked together in the direction indicated by
the arrow A to form the fuel cell stack 12.

As shown in FIG. 5, the oxygen-containing gas flows
through the oxygen-containing gas supply passage 36a, and
flows into the grooves of the oxygen-containing gas flow
passage 46 formed on the first separator 28. The oxygen-
containing gas in the oxygen-containing gas flow passage 46
flows along the cathode 24a of the first membrane electrode
assembly 18 to induce a chemical reaction at the cathode
24a. The fuel gas flows through the fuel gas supply passage
42a, and flows into the grooves of the fuel gas flow passage
56 formed on the intermediate separator 32. The fuel gas 1n
the fuel gas flow passage 56 flows along the anode 26a of
the first membrane electrode assembly 18 to induce a
chemical reaction at the anode 26a. In the first membrane
electrode assembly 18, the oxygen-containing gas supplied to

the cathode 24a, and the fuel gas supplied to the anode 26a
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are consumed in the electrochemical reactions at catalyst
layers of the cathode 24a and the anode 26a for generating
electricity.

Oxygen in the oxygen-containing gas is partially
consumed in the chemical reaction in the first membrane
electrode assembly 18. The oxygen-containing gas flows out
of the oxygen-containing gas flow passage 46, flows through
the intermediate oxygen-containing gas flow passage 57
(oxygen-containing gas passage 40) in the direction
indicated by the arrow A, and flows into the oxygen-
containing gas flow passage 58 formed on the intermediate
separator 32. The oxygen-containing gas in the oxygen-
containing gas flow passage 58 flows along the cathode 24Db
of the second membrane electrode assembly 20 to induce a
chemical reaction at the cathode 24b.

Similarly, hydrogen in the fuel gas is partially
consumed in the chemical reaction at the anode 26a of the
first membrane electrode assembly 18. The fuel gas flows
through the intermediate fuel gas flow passage 59 (fuel gas
passage 38) in the direction indicated by the arrow A, and
flows into the fuel gas flow passage 52 formed on the second
separator 30. The fuel gas in the fuel gas flow passage 52
flows along the anode 26b of the second membrane electrode
assembly 20 to induce a chemical reaction at the anode 26b.
In the second membrane electrode assembly 20, the oxygen-
containing gas and the fuel gas are consumed in the

electrochemical reactions at catalyst layers of the cathode
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24b and the anode 26b for generating electricity. After
oxygen is consumed, the oxygen-containing gas flows out of
the oxygen-containing gas flow passage 58, and flows into
the oxygen-containing gas discharge passage 36b. After
hydrogen is consumed, the fuel gas flows out of the fuel gas
flow passage 52, and flows into the fuel gas discharge
passage 42b.

The coolant flows through the coolant supply passage
44a, and flows into the coolant flow passage 48. The
coolant in the flow passage 48 turns back at the hole 50 of
the wall plate 34, flows through the coolant flow passage 54
formed on the second separator 30, and flows into the
coolant discharge passage 44D.

When oxygen-containing gas flows along the cathode 24a
of the first unit cell 14, water (vapor) is produced in the
electrochemical reaction at the cathode 24a. The water
flows into the intermediate oxygen-containing gas flow
passage 57.

As shown in FIGS. 5, and 6, an additional oxygen-
containing gas having a relatively low humidity is supplied
to the oxygen-containing gas passage 40 which includes the
intermediate oxygen-containing gas flow passage 57. The
additional oxygen-containing gas 1s supplied directly
(without passing through the first unit cell 14) to the
intermediate oxygen-containing gas flow passage 57 from the
intermediate oxygen-gas supply port 70. Therefore, the

additional oxygen-containing gas supplied to the
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intermediate oxygen-containing gas flow passage 57 is a
"fresh oxygen-containing gas”™ whose oxygen is not consumed
in the first unit cell 14. The additional oxygen-containing
gas is humidified by the vapor in the intermediate oxygen-
containing gas flow passage 57, and joins the oxygen-
containing gas whose oxygen is partijially consumed in the
chemical reaction in the first unit cell 14. Thus, the
oxygen-containing gas from the first unit cell 14 and the
additional oxygen-containing gas are jointly supplied to the
oxygen-containing gas flow passage 58 of the second unit
cell 16.

As described above, the additional oxygen-containing
gas having the low humidity is suitably humidified in the
intermediate oxygen-containing gas flow passage 57 using
water produced in the chemical reaction. Therefore, the
amount of water needed for humidifying the oxygen-containing
gas supplied to the fuel cell stack 12 is small. Therefore,
the size of a humidifying device for the fuel cell stack 12
can be reduced. Further, since the additional oxygen-
containing gas is directly supplied to the oxygen-containing
gas passage 40, the pressure drops in the oxygen-containing
gas flow passages 46, 58 are small.

Further, since the water produced in the chemical
reaction is used for humidifying the additional oxygen-
containing gas, it is possible to reduce the humidity in the
intermediate oxygen-containing gas flow passage 57. In the

cell assembly 10, the oxygen-containing gas having a
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suitable humidity is supplied to each of the first unit cell
14 and the second unit cell 16. Therefore, the power

generation in the overall cell assembly 10 is efficiently

carried out.

The fuel gas 1s humidified in advance before it is
supplied to the cell assembly 10. The amount of water
(vapor) in the fuel gas does not change significantly when
the fuel gas 1is consumed in the first unit cell 14 and the
second unit cell 16. The fuel gas flows along the anode 26a
of the first unit cell 14. Thus, the fuel gas is parfially
consumed, and supplied to the anode 26b of the second unit
cell 16. Therefore, the amount of the fuel gas is reduced,
and thus, the vapor concentration, i.e., the humidity of the
fuel gas is increased.

In the first embodiment, an additional fuel gas having
a low humidity 1s supplied to the intermediate fuel gas flow
passage 59 so that the fuel gas having a predetermined
humidity is supplied to each of the first unit cell 14 and
the second unit cell 16. The humidity of the fuel gas is
kept at a desired level.

As described above, in the first embodiment, the
humidity of the oxygen-containing gas supplied to the
oxygen-containing gas flow passage 46 of the first unit cell
14 and the oxygen-containing gas supplied the oxygen-
containing gas flow passage 58 of the second unit cell 16 is
kept at a desired level. Further, the humidity of the fuel

gas supplied to the fuel gas flow passage 56 of the first
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unit cell 14 and the fuel gas flow passage 52 of the second
unit cell 16 is kept at a desired level. Therefore, it is
possible to achieve a uniform current density distribution
in the first unit cell 14 and the second unit cell 16, and
enhance the power generation performance effectively.

FIG. 7 is an exploded schematic view showing flows of
an oxygen-containing gas, a fuel gas, and a coolant flowing
in a cell assembly 80 of a fuel cell stack according to a
second embodiment of the present invention. FIG. 8 1s a
view showing the flows of the oxygen-containing gas and the
fuel gas. The constituent elements that are identical to
those of the cell assembly 10 according to the first
embodiment are labeled with the same reference numeral, and
description thereof is omitted.

A first unit cell 82, a second unit cell 84, and a
third unit cell 86 are stacked together to form the cell
assembly 80. The first unit cell 82 includes a first
membrane electrode assembly 18, the second unit cell 84
includes a second membrane electrode assembly 20, and the
third unit cell 86 includes a third membrane electrode
assembly 20a. A first intermediate separator 32a 1s
interposed between the first membrane electrode assembly 18
and the second membrane electrode assembly 20, and a second
intermediate separator 32b is interposed between the second
membrane electrode assembly 20 and the third membrane
electrode assembly 20a.

The second intermediate separator 32b has a fuel gas

~19-



10

15

20

25

CA 02403156 2002-09-11

flow passage (reactant gas flow passage) 87 comprising a
plurality of grooves on its surface facing to the anode 26Db
of the second membrane electrode assembly 20. Further, the
second intermediate separator 32b has an oxygen-containing
gas flow passage (reactant gas flow passage) 88 comprising a
plurality of grooves on i1ts surface facing to the cathode
24b of the third membrane electrode assembly 20a.

In the second embodiment, an oxygen-containing gas
having a predetermined humidity is supplied to thencathode
24a of the first unit cell 82. After the chemical teaction
in the first unit cell 82, the oxygen-containing gas is
supplied to the 1ntermediate oxygen-containing gas flow gas
passage 57. Further, an additional oxygen-containing gas
having a relatively low humidity is supplied to the oxygen-
containing gas passagde 40 which includes an intermediate
oxygen-containing gas flow passage 57. Thus, the oxygen-
containing gas is mixed with the additional oxygen-
containing gas in the intermediate oxygen-containing gas
flow passage 57.

The additional oxygen-containing gas is humidified by
the water (wvapor) produced in the chemical reaction at the
cathode 24b in the intermediate oxygen-containing gas flow
passage 57, and supplied in parallel to an oxygen-containing
gas flow passage 58 of the second unit cell 84 and an

oxygen-containing gas flow passage 88 of the third unit cell
86 .

Thus, the oxygen-contalining gas having a humidity kept
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at a desired level 1s supplied to each of the first through
third unit cells 82, 84, 86, and the pressure drops are
small. Therefore, as with the first embodiment, the power
generation in the overall cell assembly 80 is efficiently
carried out, for example. The water produced in the first
unit cell on the upstream is supplied in parallel to a
larger number of unit cells, i.e., the second unit cell 84
and the third unit cell 86. Therefore, it is possible to
effectively reduce the humidity.

In the first embodiment, the cell assembly 10 is made
up of the first and second unit cells 14, 16. In the second
embodiment, the cell assembly 80 is made up of the first
through third unit cells 82, 84, 86. However, wvarious
modifications can be made to the number of unit cells. For
example, a cell assembly 90 shown in FIG. 9 is made up of
five unit cells, i1.e., two unit cells (first unit cells) 14
on the upstream side, and three unit cells (second unit
cells) 16 on the downstream side.

FIG. 10 is a view showlng flows of fluids in cell
assemblies 100 of a fuel cell stack according to a third
embodiment of the present invention. The constituent
elements that are i1dentical to those of the cell assembly 80
according to the second embodiment are labeled with the same
reference numeral, and description thereof is omitted.

A first unit cell 102, a second unit cell 104, and a
third unit cell 106 are stacked together to form the cell

assembly 100. An oxygen-containing gas passage 40 and an
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oxygen-containing gas supply passage 108 are provided in
parallel in the stacking direction. Further, a fuel gas
passage 38 and a fuel gas supply passage 110 are provided in
parallel in the stacking direction.

An end plate 112 1s connected at an end of the
outermost cell assembly 100. The end plate has a return
passage 114 for connecting the oxygen-containing gas passage
40 and the oxygen-containing supply passage 108, and a
return passage 116 for connecting the fuel gas passage 38
and the fuel gas supply passage 110.

The oxygen-containing gas supply passage 108 is
connected to a supply passage 118 between the second unit
cell 104 and the third unit cell 106 in each of the cell
assemblies 100. The supply passage 118 is connected to the
oxygen-containing gas passage 40. The fuel gas supply
passage 110 1s connected to a fuel gas supply passage 120
between the second unit cell 104 and the third unit cell 106
in each of the cell assemblies 100. The fuel gas supply
passage 120 is connected to the fuel gas passage 38.

In the third embodiment, the oxygen-containing gas
whose oxygen is partially consumed in each of the first unit
cells 102 flows through the return passage 114 in the end
plate 112, and flows through the oxygen-containing gas
supply passage 108. The oxygen-containing gas 1is mixed with
an additional oxygen-containing gas having a relatively low
humidity, and supplied to the supply passage 118 between the

second unit cell 104 and the third unit cell 106.
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The oxygen-contalning gas whose oxygen is partially
consumed in the first unit cell 102 and the additional
oxygen-containing gas (fresh oxygen-containing gas) are
mixed together, and the mixed oxygen-containing gas supplied
to the second unit cell 104 and the third unit cell 106.

The additional oxygen-containing gas is humidified by the
water (vapor) produced in the chemical reaction in the first
unit cell 102.

Thus, the oxygen-contalinlng gas having a constant
humidity is sufficiently supplied to the first unit cell 102
on the upstream side and the second and third unit cells
104, 106 on the downstream side. As with the first and
second embodiments, the amount of water needed for
humidifying the oxygen-containing gas supplied to the cell
assemblies 100 1is small, the pressure drops are small, and
the power generation 1is efficiently carried out.

FIG. 11 is a view showing flows of fluids in cell
assemblies 130 of a fuel cell stack according to a fourth
embodiment of the present invention. The constituent
elements that are identical to those of the cell assembly
100 according to the third embodiment are labeled with the
same reference numeral, and description thereof 1s omitted.

In'the cell assembly 130, an oxygen-containling gas
passage 40 and an oxygen-containing gas supply passage 132
are provided in parallel, and a fuel gas passage 38 and a
fuel gas supply passage 134 are provided in parallel.

Therefore, an additional oxygen-containing gas having a
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relatively low humidity supplied from an external gas source
to the oxygen-containing gas supply passage 132 flows 1into
an intermediate oxygen-containing gas flow passage 57
between the second unit cell 104 and the third unit cell
106. Thus, the third unit cell 106 is humidified, and the
oxygen-containing gas is supplied to the third unit cell
106. In the fourth embodiment, effects and advantages as
described in connection with the third embodiment can be
obtained.

In the fuel cell stack and the reactant gas supplying
method of the present invention, water produced in the unit
cell on the upstream is used to humidify additional reactant
gases supplied through the reactant gas passage for
supplying the humidified gases to the unit cell on the
downstream. Therefore, the amount of water needed for
humidifying the reactant gases to the overall fuel cell
stack is very small, the pressure drops are small, and the
power generation is efficiently carried out.

While the invention has been particularly shown and
described with reference to preferred embodiments, it will
be understood that wvariations and modifications can be
effected thereto by those skilled in the art without
departing from the spirit and scope of the invention as

defined by the appended claims.
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What is claimed is:

1. A fuel cell stack including a cell assembly of
unit cells stacked together, said unit cells each having a
membrane electrode assembly including an anode, a cathode,
and an electrolyte interposed between said anode and said
cathode,

sald cell assembly having reactant gas flow passages
therein for supplying a reactant gas to said unit cells,
respectively, said reactant gas including at least one of a
fuel gas and an oxygen-containing gas,

wherein said reactant gas flow passages are connected
i1n series by a reactant gas passage to which an additional

reactant gas is supplied.

2. A fuel cell stack according claim 1, wherein a
reactant gas supply passage, a reactant gas discharge
passage, and salid reactant gas passage extend through said
cell assembly in the stacking direction of said unit cells,

sald reactant gas is humidified in said unit cell and
supplied to said reactant gas passage, and

a humidity of said additional reactant gas supplied to
sald reactant gas passage 1s lower than a humidity of said
humidified reactant gas supplied to said reactant gas

passage.

3. A fuel cell stack according to claim 1, wherein
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said unit cells include upstream unit cells and downstream
unit cells, a number of said downstream unit cells being
larger than a number of said upstream cells;

said downstream cells are connected in parallel by
reactant gas flow passages; and

said reactant gas flow passage of said upstream unit
cells and said reactant gas flow passage of said downstream

unit cells are connected in series.

4. A fuel cell stack according to claim 1, wherein a
reactant gas supply passage, and a return passage extend
through said cell assembly;

said additional reactant gas is supplied to saild
reactant gas supply passage;

sald return passage connects salid reactant gas passage
and said reactant gas supply passage;

sajd unit cells include an upstream unit cell and

downstream unit cells; and
said reactant gas discharged from said upstream unit
cell flows through said return passage, and flows into said

reactant gas supply passage of said downstream unit cells.

5. A fuel cell stack according to claim 1, wherein
said electrolyte is an ion exchange membrane of solid

polymer electrolyte.

6 . A reactant gas supplying method for a fuel cell

-26 -



10

15

20

25

CA 02403156 2002-09-11

stack including a cell assembly of unit cells stacked
together, said unit cells each having a membrane electrode
assembly including an anode, a cathode, and an electrolyte
interposed between sald anode and said cathode,

said cell assembly having reactant gas flow passages
therein for supplying a reactant gas to said unit cells
including an upstream unit cell and a downstream unit cell,
respectively, said reactant gas including at least one of a
fuel gas and an oxygen-containing gas,

wherein said réactant Qas flow passages are connected
i1n series by a reactant gas passage,

said method comprising the steps of:

supplying said reactant gas to said upstream unit cell
for inducing a chemlical reaction in said upstream unit cell;

mixing sald reactant gas supplied to said reactant gas
passage after the chemical reaction in said upstream unit
cell and an additional reactant gas supplied to said
reactant gas passage; and

supplying said mixed reactant gas to said downstream
unit cell for i1nducing a chemical reaction 1in said

downstream unit cell.

7. A method according to claim 6, wherein said
reactant gas passage extends through said cell assembly 1in
the stacking direction of said unit cells, and

a humidity of said additional reactant gas supplied to

salid reactant gas passage is lower than a humidity of said

_27 -
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reactant gas supplied to said reactant gas passage after the

chemical reaction in said upstream unit cell.

8. A method according to claim 7, wherein said
electrolyte is an ion exchange membrane of solid polymer

electrolyte.

gmart & Biggar
Ottawa, Canada

Patent Agents
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