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ABSTRACT
A fuel cell stack includes multiple power generating units and a dummy unit, and
respectively providing openings providing reactant-gas supply manifolds. Each power
generating unit includes one or more first supply passages extending from the opening to a
central region thereof. The dummy unit includes one or more second supply passages
extending from the opening to a central region thereof, and a second supply passage port at
the highest position in the vertical direction among the second supply passage ports where
the second supply passages are connected to the opening is located at a lower position in the
vertical direction than a first supply passage port at the highest position in the vertical
direction among the first supply passage ports where the first supply passages are connected

to the opening.
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REACTANT GAS SUPPLY PASSAGE CONFIGURATION IN A FUEL CELL STACK

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a fuel cell stack.

2. Description of Related Art

[0002]  In a fuel cell stack, multiple power generating cells (referred to as "power
generating units" in the present specification) are stacked while dummy cells (referred to as
"dummy units" in the present specification) that generate no electric power are set on both
sides in the stacking direction thereof (for example, Japanese Patent Application Publication

No. 2015-69737 (JP 2015-69737 A)).

SUMMARY OF THE INVENTION

[0003] When liquid water flows into supply manifolds of a reactant gas for a fuel
cell, the liquid water flows along bottom surfaces (lower side in the gravity direction) of the
supply manifolds. It is required for the dummy units to quickly take the liquid water into
the dummy units and discharge the liquid water therefrom so that the liquid water does not
flow into power generating units.

[0004] (1) An aspect of the present invention relates to a fuel cell stack. The fuel
cell stack includes stacked multiple power generating units each of which has first central
region where a reactant gas flows, the first central region being a region for generating
electric power; and a dummy unit having a second central region where the reactant gas
flows, the second central region being a region that is not for generating electric power, the
dummy unit being provided to at least one stacking end of the stacked multiple power
generating units. Each of the multiple power generating units includes: a first opening at a
position outward of the first central region of the power generating unit, the position being

higher in a vertical direction than a center of the first central region, the first opening

CA 2998929 2019-11-25



10

15

20

25

TSN201704311CA00
TFN170448-CA

2

providing a reactant-gas supply manifold in a state in which the multiple power generating
units and the dummy unit are stacked; and one or more first supply passages extending from
the first opening to the first central region. The dummy unit includes: a second opening
located at a position outward of the second central region of the dummy unit, the position
being higher in the vertical direction than a center of the second central region, the second
opening providing the reactant-gas supply manifold in a state in which the multiple power
generating units and the dummy unit are stacked; and one or more second supply passages
extending from the second opening to the second central region A second supply passage
port located at a highest position in the vertical direction among second supply passage ports
where the second supply passages are connected to the second opening in the dummy unit is
disposed at a lower position in the vertical direction than a first supply passage port located
at a highest position in the vertical direction among first supply passage ports where the first
supply passages are connected to the first opening in the power generating unit. When
liquid water flows into the reactant-gas supply manifolds, the liquid water flows along
bottom surfaces on the lower side in the gravity direction of the reactant-gas supply
manifolds. According to this aspect, in the dummy unit, the second supply passage port
located at the highest position in the vertical direction among the second supply passage
ports where the second supply passages are connected to the second opening is disposed at
a lower position in the vertical direction than the first supply passage port located at the
highest position in the vertical direction among the first supply passages where the first
supply passages are connected to the first opening in each power generating unit; therefore,
the liquid water more easily flows to the second supply passages than to the first supply
passages. Accordingly, the liquid water easily moves to the second central region of the
dummy unit than to the first central regions of the power generating units, and thus amount
of the liquid water moving beyond the dummy unit into the first central regions of the power
generating units adjacent to the dummy unit is reduced, to thereby suppress the liquid watet
from entering into a particular power generating unit.

[0005]  (2) All the second supply passage ports may be connected to the second

opening at positions lower than a predetermined height in the vertical direction of the second
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opening from a bottom surface on the lower side in the vertical direction of the second
opening, and at least one of the first supply passage ports may be connected to the first
opening at a higher position than the predetermined height. With the configuration, all the
second supply passage ports are located at lower positions than at least one of the first supply
passage ports; therefore, the liquid water can securely move to the second central region of
the dummy unit, to thereby suppress the liquid water from entering the first central regions

of the power generating units.

[0006] (3) A sum of passage sectional areas of the one or more second supply
passages may be smaller than a sum of passage sectional areas of the one or more first supply
passages. With the configuration, the sum of the passage sectional areas of the second
supply passages is smaller than the sum of the passage sectional areas of the first supply
passages; therefore, a pressure loss when the reactant gas flows to the dummy unit is greater
than a pressure loss when the reactant gas flows to the power generating units, to thereby
suppress the reactant gas from flowing to the dummy unit.

[0007]  (4) The number of the second supply passages may be smaller than the
number of the first supply passages. With the configuration, the number of the second
supply passages is smaller than the number of the first supply passages; therefore, a pressure
loss when the reactant gas flows to the dummy unit is greater than a pressure loss when the
reactant gas flows to the power generating units, to thereby suppress the reactant gas from
flowing to the dummy unit.

[0008]  (5) Each of the multiple power generating units may include more than one
first supply passages, and the second supply passages may include a configuration
corresponding to a shape when some of the first supply passages from a higher side in the
vertical direction are removed from the first supply passages in the power generating unit.
With the configuration, the second supply passages of the dummy unit include the
configuration corresponding to the shape when some of the first supply passages from a
higher side in the vertical direction are removed from the first supply passages in the power
generating unit, to thereby easily realize the second supply passages having the

configurations (1) to (4) and effects thereof.
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[0009] The present invention can be embodied in various manners, and for example,
the present invention can also be embodied in various manners such as a fuel cell system, a

dummy unit, etc., other than the fuel cell stack.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]  Features, advantages, and technical and industrial significance of exemplary
embodiments of the invention will be described below with reference to the accompanying
drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a perspective view of a fuel cell stack;

FIG. 2 is a plan view schematically showing a power generating unit;

FIG. 3 is an explanatory view showing a section along a second flow passage of the
power generating unit;

FIG. 4 is a plan view schematically showing a dummy unit;

FIG. 5 is an explanatory view showing a section along a second flow passage of the
dummy unit;

FIG. 6 is an enlarged explanatory view showing a vicinity of a second opening of the
power generating unit;

FIG. 7 is an enlarged explanatory view showing a vicinity of a second opening of the
dummy unit;

FIG. 8 is a plan view schematically showing a dummy unit of a second embodiment;

FIG. 9 is a sectional view showing a section along a second flow passage of a dummy
unit of another embodiment; and

. FIG. 10 is an explanatory view showing a section X-X in FIG. 9.

DETAILED DESCRIPTION OF EMBODIMENTS
[0011]  First embodiment:
FIG. 1 is a perspective view of a fuel cell stack 10. The fuel cell stack 10 includes
multiple power generating units 100, dummy units 200, current collecting plates 300, 310,

electric-insulating plates 320, 330, and end plates 340, 350.  The multiple power generating
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units 100 are stacked in the y direction (a horizontal direction) into a stacked body. Here,
in the first embodiment, the horizontal direction is defined as the x direction and the y
direction, and the vertical direction is defined as the z direction. The downward direction
of the vertical direction is the gravity direction. The dummy units 200 are units having no
function to generate electric power, and are disposed to stacking ends on the both sides in
the y direction of the multiple stacked power generating units 100 with the multiple power
generating units 100 held therebetween. The dummy unit 200 may be provided to at least
either one stacking end of the both ends of the multiple power generating units 100. The
dummy units 200 may be provided in the middle of the stacked power generating units 100.
The current collecting plates 300, 310 are disposed outward in the y direction of the dummy
units 200 so as to hold the multiple power generating units 100 and the dummy units 200
therebetween. The electric-insulating plates 320, 330 are disposed outward in the y
direction of the current collecting plate 300 so as to hold the multiple power generating units
100, the dummy units 200, and the current collecting plates 300, 310 therebetween. The
end plates 340, 350 are disposed outward in the y direction of the electric-insulating plates
320, 330 so as to hold the multiple power generating units 100, the dummy units 200, the
current collecting plate 300, 310, and the electric-insulating plates 320, 330 therebetween.

[0012]  The fuel cell stack 10 includes first to sixth manifolds 41 to 46. The
manifolds 41 to 46 extend through the multiple power generating units 100, the dummy units
200, the current collecting plates 300, 310, the electric-insulating plates 320, 330, and the
end plate 340, but do not extend through the end plate 350. The manifolds 41 to 46 may
be configured not to extend through the current collecting plate 310 and the electric-
insulating plate 330. Among the manifolds 41 to 46, the first manifold 41 and the second
manifold 42 are manifolds for supplying the reactant gas, and are also referred to as
"reactant-gas supply manifolds". The third manifold 43 and the fourth manifold 44 are
manifolds for discharging the reactant gas, and are also referred to as "reactant-gas discharge
manifolds". The reactant-gas supply manifolds are formed at higher positions in the
vertical direction than the reactant-gas discharge manifolds. The fifth manifold 45 is a

coolant supply manifold, and the sixth manifold 46 is a coolant discharge manifold.
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[0013] FIG. 2 is a plan view schematically showing each power generating unit
100. As shown in FIG. 3 described later, each actual power generating unit 100 has a
structure that holds a resin frame 160 supporting a membrane electrode assemble 154
between two separator plates 170, 180.  FIG. 2 schematically shows respective components
for the purpose of explaining flows of a cathode gas and an anode gas. Although specific
illustrations are omitted, a central region 150 of each power generating unit 100 is a power
generation region, and is provided with the membrane electrode assemble 154 in a state of
being supported by the resin frame 160. In the central region 150, a cathode-gas flow
passage through which the cathode gas flows is provided on the back side in the y direction
(the depth side in the drawing), and an anode-gas flow passage through which the anode gas
flows is provided on the front side in the y direction (the front side in the drawing) with the
membrane electrode assemble 154 interposed therebetween. [t may be configured that the
respective regions where the reactant gases flow are exchanged with each other so that the
cathode-gas flow passage where the cathode gas flows is provided on the front side in the y
direction, and the anode-gas flow passage where the anode gas flows is provided on the back
side in the y direction, respectively. First to fourth openings 141 to 144, which respectively
form the first to the fourth manifolds 41 to 44 in FIG. 1 when the power generating units 100
are stacked, are formed at four corners of the power generating units 100 surrounding the
central regions 150. Here, each first opening 141 and each second opening 142 are formed
at higher positions in the vertical direction than a center 1500 of each central region 150.
Here, the "higher position" in the vertical direction than the center 1500 of the central region
150 does not mean a position immediately above the center 1500, but means a position above
a horizontal line passing through the center 1500.  Each fifth opening 145 forming the fifth
manifold 45 is formed between each first opening 141 and each fourth opening 144, and
each sixth opening 146 forming the sixth manifold 46 is formed between each second

opening 142 and each third opening 143.
[0014]  Respective vicinities of the first opening 141 and the third opening 143 are
provided with first flow passages 110 and third flow passages 130 that respectively connect

the first opening 141 and the third opening 143 to the cathode-gas flow passage of the central
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region 150. Respective vicinities of the second opening 142 and the fourth opening 144
are respectively provided with second flow passages 120 and fourth flow passages 140 that
respectively connect the second opening 142 and the fourth opening 144 to the anode-gas
flow passage of the central region 150. The first to the fourth flow passages 110, 120, 130,
140 are embodied by grooves formed in the resin frame 160 and grooves (recessed portions)
formed in a surface of each separator plate 170 or 180 that composes each power generating
unit 100.  Hence, normally, boundary lines are present at boundaries between the respective
openings 141 to 144 and the respective flow passages 110, 120, 130, 140, but illustrations
of the boundary lines are omitted in FIG. 2 for convenience of understanding.

[0015]  The second flow passages 120 are composed by multiple second flow
passages 120a to 120f that are arranged along the gravity direction.  The first flow passages
110 have the same configuration. The third flow passages 130 and the fourth flow passages
140 have almost the same configurations.

[0016]  FIG. 3 is an explanatory drawing showing a section (a section 3-3 in FIG.
2) along the second flow passage 120c of the power generating unit 100. FIG. 3 shows the
section along the second flow passage 120c, and the other second flow passages 120a, 120b,
120d to 120f have almost the same configurations. Each power generating unit 100
includes the resin frame 160, two separator plates 170, and the separator plate 180. The
resin frame 160 is formed by resin, and holds the membrane electrode assemble 154 in such
a manner as to surround the membrane electrode assemble 154. The membrane electrode
assemble 154 includes an electrolyte film 151, an anode catalytic layer 152, and a cathode
catalytic layer 153. The electrolyte film 151 is composed by an ion exchange resin film
exhibiting a preferable proton conductivity in a wet condition. More specifically, the
electrolyte film 151 is composed by a fluorine resin-based ion exchange resin film containing
a sulfonate group as an ion-exchange group, such as Nafion (registered trademark). Each
of the anode catalytic layer 152 and the cathode catalytic layer 153 contains a carbon
supporting catalyst (e.g., platinum), and ionomer containing a sulfonate group {(-SO;H), for
example. On the anode catalytic layer 152 and the cathode catalytic layer 153, an anode-

gas diffusion layer 155 and a cathode-gas diffusion layer 156 are disposed, respectively.
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The anode-gas diffusion layer 155 and the cathode-gas diffusion layer 156 are formed by
carbon paper or carbon non-woven fabric. In addition, the anode-gas diffusion layer 155
and the cathode-gas diffusion layer 156 may be formed by expand metal or a metallic porous
material other than carbon paper and carbon non-woven fabric.

[0017] The separator plate 180 includes projections 181 projecting toward a
separator plate 170 of another adjacent power generating unit 100. The separator plate 170
includes receiving portions 171 at positions opposing the projections 181.  The projections
181 are pushed against the receiving portions 171 so as to form a seal between the power
generating unit 100 and another adjacent power generating unit 100 to each other. Note
that an adhesive agent or a seal material (not illustrated) is disposed between the projections
181 and the receiving portions 171.  The seal is also formed in the same configuration even
if the adjacent unit is the dummy unit 200. It may be configured that each separator plate
170 is provided with the projecting portions and each separator plate 180 is provided with
the receiving portions. In the present embodiment, there is employed the configuration to
form the seal between the projections 181 and the receiving portions 171 with an adhesive
agent or a seal material disposed therebetween, but the seal may be formed by using a gasket.

[0018]  Each resin frame 160 includes a groove 161. One end of the groove 161
is connected to the second opening 142.  The other end of the groove 161 passes between
the receiving portion 171 that is a groove provided in a surface of the separator plate 170
and the resin frame 160 and is connected to the anode-gas diffusion layer 155 on the anode
side of the membrane electrode assemble 154 of the central region 150. The second flow
passage 120c is formed by the groove 161 and the groove (recessed portion) provided in the
surface of the separator plate 170. The other second flow passages 120a, 120b, 120d to
120f, the first flow passages 110, the third flow passages 130, and the fourth flow passages
140 are formed by the grooves 161 formed in the resin frame 160 and grooves (recessed
portions) provided in the surface of the separator plate 170 or the separator plate 180 that
composes each power generating unit 100.

[0019]  FIG. 4 is a plan view schematically showing the dummy unit 200. FIG. 5

is an explanatory view showing a section (a section 5-5 in FIG. 4) along the second flow
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passage of the dammy unit. Here, respective components and the like of the dummy unit
200 shown in FIG. 4 and FIG. 5 are represented by reference numerals obtained by adding
100 to reference numerals for the respective components and the like of the power generating
unit 100 shown in FIG. 2 and FIG. 3. The members having reference numerals obtained
by adding 100 to the reference numerals of the respective members and the like of the power
generating unit 100 have the same configurations as those of the respective members of the
power generating unit 100, and thus description thereof will be omitted. The power
generating unit 100 and the dummy unit 200 are different from each other in the following

respects.
[0020]  Each power generating unit 100 includes the membrane electrode assemble
154 in the central region 150 thereof; and each dummy unit 200 includes no membrane
electrode assemble, but includes a metallic plate 290 in a central region 250 thereof, instead.
The metallic plate 290 has a function to prevent the anode gas and the cathode gas from
being mixed together in the central region 250 of the dummy unit 200. By using the
metallic plate 290, it is possible to electrically conduct an anode-gas diffusion layer 255 and
a cathode-gas diffusion layer 256 of the dummy unit 200 to each other. Instead of using
the metallic plate 290, a material having gas permeability and electric conductivity, such as
carbon, may be used. In the present embodiment, there is employed a configuration that
allows the anode gas and the cathode gas to flow in a single dummy cell. Instead of this,
there may be employed such a configuration that disposes two dummy cells: one is a dummy
cell for the anode gas including first flow passages 210 and third flow passages 230 but
including no second flow passages 220 and no fourth flow passages 240, and the other is a
dummy cell for the cathode gas including the second flow passages 220 and the fourth flow
passages 240 but including no first flow passages 210 and no third flow passages 230. In
this case, no cathode gas flows through the central region of the dummy cell for the anode
gas, and no anode gas flows through the central region of the dummy cell for the cathode
gas; therefore, it is unnecessary for the two dummy cells to include the metallic plates 290.
In this case, the dummy cell for the anode gas and the dummy cells for the cathode gas may

be adjacently arranged to each other.
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[0021] The power generating unit 100 includes multiple second flow passages 120a
to 120f arranged along the gravity direction as the second flow passages 120. In the
meantime, the dummy unit 200 includes multiple second flow passages 220a to 220c
arranged along the gravity direction as the second flow passages 220, but includes no second
flow passages corresponding to the second flow passages 120d to 120f. This is the same
in the first flow passages 210. In the present embodiment, the second flow passages 120a
to 120f of the power generating unit 100 may be deemed as the first supply passages of the
present invention, and the second flow passages 220a to 220c of the dummy unit 200 of the
present invention may be deemed as the second supply passages.

[0022]  FIG. 6 is an enlarged explanatory view showing the vicinity of the second
opening 142 of the power generating unit 100. FIG. 7 is an enlarged explanatory view
showing the vicinity of a second opening 242 of the dummy unit 200. Hereinafter,
differences between the second flow passages 120 of the power generating unit 100 and the
second flow passages 220 of the dummy unit 200 will be described.

[0023] (i) A second flow-passage port 220co, which is located at the highest
position among second flow-passage ports 220ao to 220co where the respective second flow
passages 220a to 220c are connected to the second opening 242 in the dummy unit 200, is
disposed at a lower position in the vertical direction than a second flow-passage port 120fo
located at the highest position among the second flow-passage ports 120ao to 120fo where
the second flow passages 120a to 120f are connected to the second opening 142 in the power
generating unit 100. Note that first supply passage ports of the present invention may be
deemed as the second flow-passage ports 120ao to 120fo of each power generating unit 100,
and second supply passage ports of the present invention may be deemed as the second flow-
passage ports 220a0 to 220co of the dummy unit 200.

[0024]  (ii) All the second flow-passage ports 220ao to 220co of the dummy unit
200 are connected to the second opening 242 at positions less than 1/2 of a height HO in the
vertical direction of the second opening 242 from a bottom surface 242b on the lower side
in the vertical direction of the second opening 242. At least one of the second flow-passage

ports 120ao to 120fo of the power generating unit 100, for example, the second flow-passage
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port 120e0 is connected to the second opening 142 at a position more than 1/2 of the height
HO in the vertical direction of the second opening 142 from a bottom surface 142b on the
lower side in the vertical direction of the second opening 142.

[0025]  (iii) In the present embodiment, the second flow passages 220a to 220c of
the dummy unit 200 has a configuration corresponding to a shape when the second flow
passages 120d to 120f that are three upper flow passages in the vertical direction are removed
from the second flow passages 120a to 120f of the power generating unit 100.

[0026]  (iv) A sum (Sda + Sdb + Sdc) of passage sectional areas of the second flow
passages 220a to 220c of the dummy unit 200 is smaller than a sum (Sga + Sgb + Sgc + Sgd
+ Sge + Sgf) of passage sectional areas of the second flow passages 120a to 120f of the
power generating unit 100. Here, a passage sectional area of a flow passage is a smallest
sectional area of a flow passage of interest when the flow passage is cut at a cross section
across the flow passage. In other words, the passage sectional area is the smallest sectional
area of each flow passage.

{0027]  (v) The number (i.e., 3) of the second flow passages 220a to 220c of the
dummy unit 200 is smaller than the number (i.c., 6) of the second flow passages 120a to 120f
of the power generating unit 100.

[0028]  Due to the differences in (i) to (v), in the power generating unit 100 and the
dummy unit 200, the following differences are caused in flows of the liquid water and the
reactant gas.

[0029]  When the liquid water enters the second manifold 42 shown in FIG. 1, the
liquid water flows along the bottom surface (the bottom surface 142b in FIG. 6 or the bottom
surface 242b in FIG. 7) on the lower side in the gravity direction of the second manifold 42.
As shown in (i), if the second flow-passage port 220co at the highest position among the
second flow-passage ports 220ao0 to 220co is located at a lower position in the vertical
direction than the second flow-passage port 120fo at the highest position among the second
flow-passage port 120ao to 120fo, the liquid water is more likely to flow to the second flow
passages 220a to 220c of the dummy unit 200 than to the second flow passages 120a to 120f

of the power generating unit 100. As a result, the liquid water more easily moves to the
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central region 250 of the dummy unit 200 than to the central region 150 of the power
generating unit 100, so that amount of the liquid water moving beyond the dummy unit 200
to the central region 150 of the power generating unit 100 adjacent to the dummy unit 200
becomes smaller, to thereby suppress the liquid water from entering a particular power
generating unit.

[0030]  According to the configuration in (i), when the liquid water enters the
second manifold 42, the second flow-passage ports 220a0 to 220co of the dummy unit 200
is closed earlier than the second flow-passage ports 120do to 120fo of the power generating
unit 100 because the second flow-passage ports 220ao to 220co of the dummy unit 200 are
located at lower positions in the vertical direction than the second flow-passage ports 120do
to 120fo of the power generating unit 100. As a result, due to a difference in pressure
between the second manifold 42 and the central region 250, the liquid water more easily
moves through the second flow passages 220a to 220¢ to the central region 250 of the dummy
unit 200.

[0031]  Note that, in order to satisfy (i), any one of the following conditions may be
satisfied. (a) A height H3 from the bottom surface 242b of the second opening 242 of the
dummy unit 200 to a highest position P3 in the vertical direction of the second flow-passage
port 220co is lower than a height H1 from the bottom surface 142b of the second opening
142 of the power generating unit 100 to a highest position P1 in the vertical direction of the
second flow-passage port 120fo. (b) The height H3 from the bottom surface 242b of the
second opening 242 of the dummy unit 200 to the highest position P3 in the vertical direction
of the second flow-passage port 220co is lower than a height H2 from the bottom surface
142b of the second opening 142 of the power generating unit 100 to a lowest position P2 in
the vertical direction of the second flow-passage port 120fo. Note that if (b) is satisfied,
(a) is necessarily satisfied.

[0032]  As shown in (ii), all the second flow-passage ports 220ao to 220co of the
dummy unit 200 are connected to the second opening 242 at positions less than 1/2 of the
height HO in the vertical direction of the second opening 242; and if at least one of the second

flow-passage ports 120ao to 120fo of the power generating unit 100 is connected to the
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second opening 142 at a position more than 1/2 of the height HO in the vertical direction of
the second opening 142, as with (i), due to the difference in pressure between the second
manifold 42 and the central region 250, the liquid water more easily flows to the second flow
passages 220a to 220c of the dummy unit 200 than to the second flow passages 120a to 120f
of the power generating unit 100. As a result, the liquid water more easily moves to the
central region 250 of the dummy unit 200 than to the central region 150 of the power
generating unit 100, so that the amount of the liquid water moving beyond the dummy unit
200 to the central region 150 of the power generating unit 100 adjacent to the dummy unit
200 becomes smaller, to thus suppress the liquid water from entering a particular power
generating unit.

[0033]  Further, if (ii) is satistied, there is no flow passage extending from a position
more than 1/2 of the height HO in the vertical direction of the second opening 242 to the
central region 250 of the dummy unit 200; thus, it is difficult for the reactant gas to flow
toward the central region 250 of the dummy unit 200, to thereby suppress the reactant gas
from being wastefully used.

[0034]  Note that if (ii) is satisfied, (i) is necessarily satisfied, and further, the
reactant gas is suppressed from being wastefully used, which is preferable. However,
taking the movement of the liquid water into account, it is sufficient to satisfy only (i), and
it is preferable but not essential to satisfy (ii). In (ii), 1/2 of the height HO in the vertical
direction of the second opening 242 is merely an example, and this may be 1/3, 2/3, or 1/4
of the height HO.  Any height not less than 0 may be set as the reference.  That is, it is only
required that all the second supply passage ports 220a0 to 220co of the dummy unit 200 are
connected to the second opening 242 at positions lower than a predetermined height from
the bottom surface on the lower side in the vertical direction of the second opening 242, and
at least one of the second flow-passage ports (the first supply passage ports) 120ao to 120fo
of the power generating unit 100 is connected to the second opening 142 at a position higher
than the predetermined height. For example, the predetermined height may be set to be the
height H3 at the highest position P3 of the second supply passage ports 220a0 to 220co of

the dummy unit 200. It is preferable to set the height H3 to be as small as possible. As
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the height H3 is smaller, the second flow passages 220 of the dummy unit 200 are closed
carlier than the second flow passages 120 of the power generating unit 100 are.  As a result,
due to the difference in pressure between the second manifold 42 and the central region 250,
the liquid water more easily moves through the second flow passages 220a to 220c to the
central region 250 of the dummy unit 200.

[0035] As shown in (iii), if the second flow passages 220a to 220c of the dummy
unit 200 have the configuration corresponding to the shape when the second flow passages
120d to 120f of the power generating unit 100 that are three upper flow passages in the
vertical direction are removed from the second flow passages 120a to 120f of the power
generating unit 100, the requirement (i) is necessarily satisfied. ~Accordingly, as with (i),
the liquid water more easily flows to the second flow passages 220a to 220c of the dummy
unit 200 than to the second flow passages 120a to 120f of the power generating unit 100.
As a result, the liquid water more easily moves to the central region 250 of the dummy unit
200 than to the central region 150 of the power generating unit 100, so that the amount of
the liquid water moving to the central region 150 of the power generating unit 100 adjacent
to the dummy unit 200 becomes smaller, to thus suppress the liquid water from entering a
particular power generating unit. In the present embodiment, the number of the second
flow passages of the power generating unit 100 is six, and the number of the second flow
passages 220 of the dummy unit 200 is three; but if the number of the second flow passages
of the power generating unit 100 is two or more, it is possible to satisfy (iii). After the
power generating unit 100 is designed, it is possible to design the dummy unit 200 simply
by removing the configuration corresponding to the second flow passages 120d to 120f, and
thus the design cost can be reduced.

[0036]  If (iii) is satisfied, the dummy unit 200 has no flow passage reaching to the
central region 250 of the dummy unit 200 at a higher position in the vertical direction of the
second opening 242, compared with the power generating unit 100; therefore, it is more
difficult for the reactant gas to flow to the central region 250 of the dummy unit 200, and
thus it is possible to suppress the reactant gas from being wastefully used. In addition, as

aforementioned, if (iii) is satisfied, (i) is necessarily satisfied, which is preferable in light of

CA 2998929 2018-03-22



10

15

20

25

TSN201704311CA00
TEN170448-CA
15
suppression of the wasteful use of the reactant gas, but if the movement of the liquid water
is considered, it is sufficient to satisfy only (i), and it is not essential to satisfy (iii).

[0037]  Asshownin (iv), if the sum (Sda + Sdb + Sdc) of the passage sectional areas
of the second flow passages 220a to 220c of the dummy unit 200 is set to be smaller than
the sum (Sga + Sgb + Sge + Sgd + Sge + Sgf) of the passage sectional areas of the second
flow passages 120a to 120f of the power generating unit 100, it is possible to set a pressure
loss when the reactant gas flows to the central region 250 of the dummy unit 200 to be greater
than a pressure loss when the reactant gas flows to the central region 150 of the power
generating unit 100.  As a result, it is possible to suppress the reactant gas from flowing to
the dummy unit. It is sufficient that the sum of the passage sectional areas of the second
flow passages 220a to 220c is smaller than the sum of the passage sectional areas of the
second flow passages 120a to 120f, and it is unnecessary to equalize respective passage
sectional areas of the corresponding flow passages, such as Sda and Sga, Sdb and Sgb, and
Sdc and Sgc.  Note that if (i) is satisfied, (iv) may not be satisfied.

[0038]  [f the respective passage sectional areas of the second flow passages 220a
to 220c of the dummy unit 200, and the respective passage sectional areas of the second flow
passages 120a to 120f of the power generating unit 100 are substantially equal to each other,
the sum of the passage sectional areas is proportional to the number of the second flow
passages. As shown in (v}, if the number (three) of the second flow passages 220a to 220c
of the dummy unit 200 is set to be smaller than the number (six) of the second flow passages
120a to 120f of the power generating unit 100, the sum of the passage sectional areas in the
number of the second flow passages 220a to 220c of the dummy unit 200 is smaller than the
sum of the passage sectional areas of the second flow passages 120a to 120f of the power
generating unit 100, As a result, as with (iv), the pressure loss when the reactant gas flows
to the central region 250 of the dummy unit 200 is greater than the pressure loss when the
reactant gas flows to the central region 150 of the power generating unit 100, to thereby
suppress the reactant gas from flowing to the dummy unit. If (i) is satisfied, (v) may not
be satisfied.

[0039]  Second embodiment:
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FIG. 8 is a plan view schematically showing the dummy unit 200 of the second
embodiment. Different from the first embodiment, in the second embodiment, as the
second flow passages 220 of the dummy unit 200, a single second flow passage 220g is
connected to the bottom surface 242b located at a lower position in the gravity direction of
the second opening 242. In the example shown in FIG. 8, the second flow passage 220g is
in a bent shape, but may be in a straight shape like the second flow passage 220a as shown
in FIG. 4 of the first embodiment. In this case, the dummy unit 200 has such a
configuration that the second flow passages 120b to 120f excluding the second flow passage
120a are removed from the power generating unit 100.

[0040] In the second embodiment, the second flow-passage port 220go of the
second flow passage 220g is located at the same height as that of the bottom surface 242b of
the second opening 242, and thus H3 = 0 is satisfied. Hence, (i) described in the first
embodiment is satisfied. Accordingly, also in the second embodiment, as with the first
embodiment, it becomes easier to move the liquid water to the central region 250 of the
dummy unit 200, to thus suppress the water from entering the central region 150 of the power
generating unit 100. Further, the second flow-passage port 220go of the only one second
flow passage 220g is closed.  As a result, due to the pressure difference between the second
manifold 42 and the central region 250, the liquid water easily moves through the second
flow passage 220g to the central region 250 of the dummy unit 200.  Accordingly, the liquid
water more easily moves to the central region 250 of the dummy unit 200 compared with the
first embodiment.  As a result, the amount of the liquid water moving to the central region
150 of the power generating unit 100 adjacent to the dummy unit 200 becomes further
smaller, to thereby suppress the liquid water from entering a particular power generating unit
100.

[0041]  The only one second flow passage 220g is connected to the bottom surface
242b, there is no route where the reactant gas flows to the dummy unit 200, and the sum of
the passage sectional areas in the second flow passages 220 is further smaller, and thus it
becomes difficult for the reactant gas to enter the central region 250 of the dummy unit 200,

to thereby further avoid the waste of the reactant gas.
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[0042] In the first and the second embodiments, the description has been provided
by exemplifying the second flow passages 120, 220 that supply the anode gas, but the same
configuration may be employed in the first flow passages 110, 210 that supply the cathode
gas. In this case, the first flow passages 110 of the power generating unit 100 can be
deemed as the first supply passages of the present invention, and the first flow passages 210
of the dummy unit 200 can be deemed as the second supply passages.
[0043]  First variation:
FIG. 9 is a sectional view along the second flow passage 220c of the dummy unit 200
of the first variation. FIG. 10 is an explanatory view showing an X-X section in FIG. 9.
The first variation is different from the first embodiment and the second embodiment in that
the second flow passages 220 are formed by grooves 261 formed in a resin frame 260 in the
first embodiment and the second embodiment, but in the first variation, the second flow
passages 220 are formed by flow-passage forming portions 273 formed in a separator plate
270.  Although not illustrated in the drawing, the first flow passages 210 of the dummy unit
200 are formed by flow-passage forming portions formed in a separator plate 280. This is
the same in the third flow passage 230 and the fourth flow passage 240 of the dummy unit
200. This is also the same in the power generating unit 100. In this manner, the first to
the fourth flow passages may be formed not by using the grooves 261, 161 of the resin frames
260, 160, but by using the separator plates. However, as with the first and the second
embodiments, if the first to the fourth flow passages are formed by using the grooves 261,
161 of the resin frames 260, 160, the separator plates 170, 180 of the power generating unit
100 and the separator plates 270, 280 of the dummy unit 200 can commonly be used, so that
necessity of preparing them separately is eliminated. As a result, dies of the separator
plates 170, 270 can commonly be used, and dies of the separator plates 180 and 280 can
commonly be used, thus providing such a merit that the manufacturing cost can be reduced.
[0044] Second variation:
In the aforementioned first and second embodiments, the introduction flow passages
and the discharge flow passages of the reactant gas are formed by forming the grooves 261

in the resin frame 260. The resin frame may be formed by injection molding, and may be

CA 2998929 2018-03-22



10

15

20

25

TSN201704311CAQ0
TFN170448-CA
18
formed by using a base material and an adhesive sheet applied to both surfaces of the base
material.

[0045]  Third variation:

In the aforementioned respective embodiments and variations, the positions of the
second flow-passage ports 120fo, 220co located at the uppermost positions in the vertical
direction have been described, but no particular description has been provided on the
positions of the second flow-passage ports 120a0, 220a0 located at the lowermost positions
in the vertical direction; however, the second flow-passage port 220ao of the dummy unit
200 may be provided at a lower position in the vertical direction than the second flow-
passage port 120ao of the power generating unit 100. Here, providing the second flow-
passage port 220ao of the dummy unit 200 at a lower position in the vertical direction than
the second flow-passage port 120a0 of the power generating unit 100 means that the lowest
position of the second flow-passage port 220a0 of the dummy unit 200 may be located more
downward in the vertical direction than the lowest position of the second flow-passage port
120a0 of the power generating unit 100. It is more preferable that the lowest position of
the second flow-passage port 220a0 of the dummy unit 200 is located at a lower position in
the vertical direction than the highest position of the second flow-passage port 120ao of the
power generating unit 100. In the third variation, the liquid water is likely to flow from the
second flow-passage port 220ao0 of the dummy unit 200 located at a lower position to the
central region 250 thereof by the gravity, and thus the amount of the liquid water moving to
the central region 150 of the power generating unit 100 adjacent to the dummy unit 200
becomes further smaller, to thereby suppress the liquid water from entering a particular
power generating unit 100. It is more preferable that the second flow-passage port located
at the uppermost position in the vertical direction of the dummy unit 200 is located at a lower
position in the vertical direction than the second flow-passage port 120ao at the lowermost
position in the vertical direction of the power generating unit 100. When the liquid water
reaches the second flow-passage port 120a0 located at the lowermost position in the vertical
direction of the power generating unit 100, the second flow-passage port of the dummy unit

200 is securely closed by the liquid water; therefore, it becomes easier to move the liquid
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water to the central region 250 of the dummy unit 200.  As a result, the amount of the liquid
water moving to the central region 150 of the power generating unit 100 adjacent to the
dummy unit 200 can be further reduced, to thereby suppress the liquid water from entering
a particular power generating unit 100.

5 [0046]  The present invention is not limited to the above-mentioned embodiments
and variations, and can be embodied in various forms without departing from the scope of
the present invention. For example, it is feasible to appropriately replace or combine any
of the technical features of the aspects of the present invention described in Summary of the
Invention and the technical features of the above-mentioned embodiments and variations of

10  the present invention in order to solve part or all of the above-mentioned problems or achieve
part or all of the above-mentioned effects. Any of the technical features, if not explained

as essential in the present specification, may be deleted as appropriate.
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CLAIMS:

1. A fuel cell stack comprising:

stacked multiple power generating units each of which has first central region
where a reactant gas flows, the first central region being a region for generating electric
power; and

a dummy unit having a second central region where the reactant gas flows, the
second central region being a region that is not for generating electric power, the dummy
unit being provided to at least one stacking end of the stacked multiple power generating
units,

wherein

each of the multiple power generating units includes:

a first opening at a position outward of the first central region of the power
generating unit, the position being higher in a vertical direction than a center of the first
central region, the first opening providing a reactant-gas supply manifold in a state in which
the multiple power generating units and the dummy unit are stacked; and

one or more first supply passages extending from the first opening to the first
central region,

the dummy unit includes:

a second opening located at a position outward of the second central region of the
dummy unit, the position being higher in the vertical direction than a center of the second
central region, the second opening providing the reactant-gas supply manifold in a state in
which the multiple power generating units and the dummy unit are stacked; and

one or more second supply passages extending from the second opening to the
second central region,

~and

a second supply passage port located at a highest position in the vertical direction
among second supply passage ports where the second supply passages are connected to the
second opening in the dummy unit is disposed at a lower position in the vertical direction

than a first supply passage port located at a highest position in the vertical direction among
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first supply passage ports where the first supply passages are connected to the first opening

in the power generating unit.

2. The fuel cell stack according to claim 1, wherein

all the second supply passage ports are connected to the second opening at
positions lower than a predetermined height in the vertical direction of the second opening
from a bottom surface on a lower side in the vertical direction of the second opening,

and

at least one of the first supply passage ports is connected to the first opening at a

higher position than the predetermined height.

3. The fuel cell stack according to claim 2, wherein
the predetermined height is 1/2 of a height in the vertical direction of the second
opening from the bottom surface on the lower side in the vertical direction of the second

opening.

4. The fuel cell stack according to any one of claims 1 to 3, wherein
a sum of passage sectional areas of the one or more second supply passages is

smaller than a sum of passage sectional areas of the one or more first supply passages.

5. The fuel cell stack according to any one of claims 1 to 4, wherein
the number of the second supply passages is smaller than the number of the first

supply passages.

6. The fuel cell stack according to any one of claims 1 to 5, wherein
each of the multiple power generating units includes more than one first supply
passage,

and
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the second supply passages include a configuration corresponding to a shape of a
configuration of the first supply passages when one or more of the first supply passages from
a higher side in the vertical direction are removed from the first supply passages in the power

generating unit.
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POWER GENERATING UNIT

FIG. 6
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DUMMY UNIT

FIG. 7
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FIG. 10
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