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(57) Abrege/Abstract:
Provided Is a fuel cell, the output voltage of which Is improved by making a membrane moist state uniform. An anode-side gas

diffusion layer (12) and a cathode-side gas diffusion layer (14) are joined to a membrane electrode assembly (10), and a separator
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(57) Abrege(suite)/Abstract(continued):

(20) Is Joined to the anode-side gas diffusion layer (12). The separator (20) has a recess portion (22) and a protrusion portion (24)
formed to constitute a gas flow path and a refrigerant flow path, respectively. The cross-sectional area of the recess portion (22) is
made relatively small at the downstream side In comparison with that at the upstream side, and the cross-sectional area of the

protrusion portion (24) is made relatively large at the downstream side In comparison with that at the upstream side, thereby
iImproving the moist state.
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ABSTRACT

Provided 1s a fuel cell, the output voltage of which 1s
improved by making a membrane molst state uniform. An anode-side
gas diffusion layer (12) and a cathode-side gas diffusion layer

(14) are jolned to a membrane electrode assembly (10), and a

separator (20) 1is jolned to the anode-side gas diffusion layer (12).
The separator (20) has a recess portion (22) and a protrusionportion

(24) formed to constitute a gas flow path and a refrigerant flow

path, respectively. The cross-sectional area of the recess portion

(22) 1s made relatively small at the downstream side 1n comparlson

with that at the upstream side, and the cross-sectional area of

the protrusion portion (24) 1s made relatively large at the
downstream side 1n comparison with that at the upstream side,

thereby i1mproving the moist state.
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FUEL CELL INCLUDING A SEPARATOR HAVING CONCAVE

2

D CONVEX SHAPES

DESCRIPTION
Technical Field

(0001]
5 The present invention relates to a fuel cell, and particular

to a structure of a separator.

Background Art

[0002]

10 In a polymer electrolyte fuel cell, a cell 1s formed as a
minimum unit by sandwiching a membrane electrode assembly (MEA),
which 1s composed of a fuel electrode and an alr electrode
sandwiching an electrolyvte membrane formed of a polymer electrolyte

—

membrane, with two separators, and a plurality of cells are stacked

15 to form a fuel cell stack, which can provide high output.
[0003]

The mechanism for electric power generation employed by the

polymer electrolyte fuel cell 1s well known, and in a nutshell,
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fuel gas, such as hydrogen-containing gas, 1s supplled to the fuel

electrode (i.e., anode-side electrode), and oxidant gas, such as
a gas mainly containing oxygen and air, is supplied to the air
electrode (1.e., a cathode-side electrode) . The
hyvdrogen-containing gas is supplied to the anode-side electrode

through a fuel gas flow passage, and 1s dissoclated i1nto electrons

anad

and hydrogen ions by the action of a catalyst of the electrode.

The electrons move to the cathode-side electrode through an external
circuit. Meanwhile, the hydrogen ions pass through the electrolyte
membrane and reach the cathode-side electrode, where the hydrogen
ions bond to oxygen and the electrons passing through the external
circuit, to thereby produce reaction water. The heat generated by

F

the bonding reaction of hydrogen with oxygen and electrons 1s

recovered by means of cooling water. Further, water generated 1n

the cathode-side electrode {(which will hereinafter be referred to

as "generated water") is drained from the cathode side.
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Both of the anode-side electrode and the cathode-side

electrode of the fuel cell are formed of catalyst layers, and these

catalyst lavers include stacks of gas diffusion layers for diffusing

e
o

5 hydrogen-contalning gas and oxidant gas, respectively. If the

drainage of the generated water generated by the above-described

reaction is interrupted in the flow passage on the cathode side,

a clogging phenomenon ("flooding phenomenon") may occur 1in the

cathode-side electrode. More specifically, if the drainage of the

10 generated water is interrupted in the cathode-side flow passage,

the cathode-side flow passage 1s narrowed by the generated water.

This may increase the passage resistance in the cathode-side flow

passage, and thus may cause reduction of electric power generation

output.

15 [0005]

The below-described Patent Document 1 discloses that, with

the aim of overcoming the interruption of gas diffusibility and

the deterioration of drainage, a flow passage forming member which
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forms a flow passage for passing supplied gas therethrough 1s formed

of a plurality of communication segments, and that the further the

segments are located on the supplied gas downstream side, the

narrower the flow passage widths of the segments become.

5
Citation List
Patent Document
[0006]
Patent Document 1: JP 2001-143725 A
10

Summary of the Invention
Technical Problem

(0007

There has been proposed a press separator which 1s formed by,

15 for example, pressing one metal plate to have convex and concave

|

shapes in an inverted manner on the front and back surfaces thereo:

and supplyving a hydrogen-containing gas to a concave portlon.

Coolingwater is supplied to a convex portion of the press separator,
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that is the concave portion on the back surface, to thereby cool

an MEA. In other words, the gas flow passage and the cooling water

flow passage are configured as the front side and the back side

of the same separator. Although, in such a press separator, the
gas flow passage and the cooling water flow passage can be formed
as the front side and the back side of the press separator, and

thus the structure can be simplified, a wet state 1n cells of the

fuel cell tends to be uneven. In particular, when temperature 1s

high, a gas downstream portion tends to be dry. More specifically,

because the generated water 1s produced on the cathode side,

moisture on the anode gas upstream side becomes relatively high

by circulating this generated water from the cathode side to the

anode side. However, because pressure loss 1s larger on the anode

gas upstream side, and moisture does not move to the downstream

side, the anode gas downstream side tends to be dry (dries-up).

Such unevenness in the wet state may also occur 1n any separators

other than the press separator.
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[0008]

The object of the present invention is to provide a fuel cell

that can improve a wet state and thus increase output voltage even

1f a separator on which a gas flow passage and a coolant flow passage

for cooling water or the like are provided as the front and back

sides thereof 1s emplovyed.

Solution to Problem

(0009 ]

The present invention relates to a fuel cell which has a

membrane electrode assembly, and a separator located on one side

of the membrane electrode assembly, the separator having concave

and convex shapes formed on a front side and a back side of the

separator, the separator having a gas flow passage formed as a

concave portion on the membrane electrode assembly side and a

coolant flowpassage formed as a concave portion on the side opposite

to membrane electrode assembly, and, 1in this fuel cell, a

cross-sectional area of the concave portion constituting the gas
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flow passage of the separator is set such that it becomes relatively

smaller on a gas downstream side than on a gas upstream side, and

a cross-sectional area of the concave portion constituting the

coolant flow passage of the separator is set such that 1t becomes

relatively larger on a coolant downstream side than on a coolant

upstream side.

[0010]

According to an embodiment of the present invention, the gas
flow passage is a straight flow passage with a gas i1nlet and a gas

outlet that are disposed on a straight line.

[0011]

According to another embodiment of the present invention, the

gas flow passage is a serpentine flow passage.

[0012]

According to still another embodiment of the present

invention, the gas flow passage is a serpentine flow passage, and

the coolant flow passage 1is a straight flow passage.
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Advantageous Effects of Invention

[0013]

With the present invention, 1t 1s possible to i1mprove a wet

5 state and increase output voltage.

Brief Description of Drawings

(0014 ]

FIG. 1 shows a configuration diagram of a fuel cell according

10 to an embodiment.

FIG. 2 shows a schematic diagram of a gas flow passage

according to the embodiment.

I 1]

FIG. 3 shows cross sections taken along a-a, b-b, and c-c¢ 0!

FIG. 2.

15 FIG. 4 shows a table illustrating ratios Dbetween the

embodiment and a comparative example.

FIG. 5 shows a table 1illustrating ratios between the

embodiment and the comparative example.
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FIG. 6 shows agraph illustrating cell voltage changes between

the embodiment and the comparative example.

FIG. 7 shows a plane view of a separator according to the

embodiment .

Description of Embodiment

[0015]

An embodiment of the present inventionwill be described below

based on the drawings. However, the embodiment below 1s an example,

and the present invention is not limited to this embodiment.

[0016]

A basic structure and a basic principle of the present

embodiment will first be described.

[0017]

A fuel cell according to the present embodiment has an MEA,

an anode-side gas diffusion layer, and a cathode-side gas diffusion

layer, and a separator having a convex and a concave formed as the

poren
o

front and back sides thereof is Jjoined to the anode-side gas
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diffusion layer. Because the separator is formed by pressing, 1t

1s referred to as a “press separator”, when necessary. A concave

portion of the anode-side gas diffusion layer of the press separator

functions as a gas flow passage and is supplied with hydrogen gas

5 as a reactant gas. In addition, a convex portion adjacent to the

concave portion, which is a concave portion on the back surface,

functions as a coolant flow passage and is supplied with cooling

water.

[0018]

10 Although the concave portion of the press separator 1s

supplied with hydrogen gas, the gas flow rate becomes low downstream

of the concave portion, and the drainage decreases. When

temperature is low, the generated water is accumulated and may cause

flooding. Conversely, when temperature 1is high, the concave

15 portion becomes dry, and drylng-up may OCCUr.

[0019]

Therefore, in the present embodliment, a press separator on

which convex and concave portions are formed as the front and back
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sides thereof is emploved, and the width of the concave portion

and a cross-sectional area of the convex portion (flow passage

cross-sectional area) are not mailntained to be constant, but are

changed along the gas flow passage. The concave portion has a

relatively smaller cross-sectional area on the downstream side

compared to the upstream side, while the convex portion has a

relatively larger cross-sectional area on the downstream side

compared to the upstream side.

[0020]

When the size of the cross-sectional area of the concave
portion on the downstream side is made relatively smaller than on

the upstream side, that is, when the cross-sectional area on the

upstream side is relatively larger, pressure loss 1n the gas flow
passage becomes smaller compared to when such a structure 1is not
employved, and thus the generated water is caused to move from the
upstream side to the downstream side, thereby suppressing
accumulation of the generated water and improving the wet state.

Although the generated water is produced on the cathode side, 1if
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F

the flow directions of the gas flow passage on the anode side and

the gas flow passage of the cathode side are opposite to each other,

and if the upstream side of the gas flow passage on the anode side

corresponds to the downstream side of the gas flow passage on the

cathode side, and the downstream side of the gas flow passage on

the anode side corresponds to the upstream side of the gas flow

passage on the cathode side, the generated water 1s dellvered to

the downstream side of the gas flow passage on the cathode side

along the gas flow passage on the cathode side, and then delivered

to the upstream side of the anode side via a electrolyte membrane.

The generated water 1s circulated in this manner, and the amount

of the generated water is relatively larger on the upstream side

F

of the gas flow passage on the anode side. However, because, 1n

the present embodiment, the width on the upstream side of the gas

flow passage is set to be relatively larger to reduce pressure loss,

the generated water circulated from the cathode side is quickly

delivered to the downstream side, thereby improving the wet state.
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(0021 ]

Further, if the cross-sectional area of the convex portion

on the downstream side is relatively larger than that of the upstream

side, a contact area or the contact rate between the anode-side

gas diffusion layer and the convex portion becomes relatively larger

on the downstream side, and thus, the heat transfer efficiency

increases on the downstream side accordingly. Therefore, even when

temperature 1is high, it is possible to remove heat from the

downstream side and cool it efficiently, thereby suppressing drying

of the downstream side and thus suppressing dry-up, even when the

temperature 1s high.

(0022 ]

g

In the present embodiment, the wet state of the membrane 1S

improved by adjusting the cross-sectional area of the concave
portion and the cross-sectional area of the convex portion of the

separator, that is, by adjusting both of the cross-sectional area

of the gas flow passage and the cross-sectional area of the cooling

water flow passage.
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[0023]

Next, a fuel cell according to the present embodiment will

be specifically described.

D (0024 ]

FIG. 1 shows a cross-sectional configuration of a fuel cell

according to the present embodiment. The fuel cell 1s configured

by sequentially laminating a separator 20, a separator 30, a porous

body laver 34, a gas diffusion sheet 14, an MEA 10, a gas diffusion

10 sheet 12, a separator 20, and a separator 30. The gas diffusion

sheet 12, the separator 20, and the separator 30 are provided on

the anode side, while the gas diffusion sheet 14 and the porous

H

fusion

body layer 34 are provided on the cathode side. The gas dui:

sheet 14, the MEA 10, and the gas diffusion sheet 12 are joined

15 to form an MEGA.

[0025]

The separators 20 and the separators 30 have a rectangular

outer shape and are provided with a plurality of through-holes on
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the circumferential sgide which form wvarious manifolds. The

"ormed by pressing a single metal plate and has

| —

separator 20 1s

convex and concave shapes as the front and back sides thereof in

an 1inverted manner. Concave portions 22a are supplied with

5 high-pressure hydrogen gas via the manifolds formed by the

through-holes provided on the circumferential side of the separator

20. Further, concave portions 22b are connected to an anode gas

exhaust system via the manifolds formed by the other through-holes

provided on the circumferential side of the separator 20. n this

10 course of flow, hydrogen is supplied to anode-side electrode

catalyst layers of the gas diffusion sheet 12 to the MEA 10. In

addition, the convex portions 24 of the separator 20 function,

together with the separator 30, as coolant flow passages through
which a coolant such as cooling water flows.

15 (0026}

The gas flow passage formed by the concave portion 22 1is

composed of a plurality of segments from a gas inlet to a gas outlet,
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such as three segments, and these segments are contlnuously

connected via sharp curves and form a serpentine flow passage.

[0027]

5 FIG. 2 schematically shows a serpentine flow passage. The

gas flow passage is composed of three segments, namely upstream,
midstream, and downstream segments. The upstream and midstream
segments are connected via a U-shape curve, and the midstream and

downstream segments are also connected via a U-shape curve. AS

10 illustrated by the arrows in the figure, in this figure, gas 1in

the upstream segment flows from right to left; gas in the midstream

segment flows from left to right; and gas in the downstream segment

flows from right to left, like in the upstream segment. Hydrogen

gas supplied via a hydrogen inlet 50 provided on the circumferential

i 1

"lows from the upstream segment, to the

15 side of the separator 20

midstream segment, and the downstream segment in this order, and

is discharged from a hydrogen outlet 52 provided on the opposite
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side to the hydrogen inlet 50 on the circumferential side of the

separator 20.

(0028]

FIG. 3 shows schematic cross-sections 1in the upstream,

midstream, and downstream segments of FIG. 2. FIG. 3(a) shows a

cross section of FIG. 2 taken along a-a, which 1ncludes cross

sections of the concave portion 22 and the convex portion 24 1in

o

the upstream segment. FIG. 3(b) shows a cross section of FIG. 2

taken along b-b, which includes cross sections of the concave

portion 22 and the convex portion 24 1n the midstream segment. FIG.

3(c) shows a cross section of FIG. 2 taken along ¢-c¢, which includes

cross sections of the concave portion 22 and the convex portion

24 1n the downstream segment.

[0029]

Assuming that the width of the concave portion 22 1s Ll and

that the width of the convex portion 24 is L2, the width L1 of the

concave portion 22 becomes larger moving upstream, and becomes
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smaller moving downstream. More specifically, assuming that L1 of

the upstream segment is L1 (upstream), L1 of the midstream segment

—
aaad

is L1 (midstream), and that L1 of the downstream segment 1s Ll

(downstream), the widths are formed so as to satisfy the followling

relationship:

I.L1 (upstream) > L1 (midstream) > L1 (downstream)

Because the depth of the concave portion 22 is constant, and the

cross-sectional area of the gas flow passage 1is defined by

p—

width*depth, assuming that a cross-sectional area of the upstream

p—

segment is S1 (upstream), a cross-sectional area of the midstream

segment is S1 (midstream), and that a cross-sectional area of the
downstream segment is S1 (downstream), there is the following
relationship:

S1 (upstream) > S1 (midstream) > S1 (downstream)
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Further, contrary to L1, the width L2 of the convex portion 24
becomes smaller moving upstream and becomes larger moving

downstream. More specifically, assuming that L2 of the upstream

segment is L2 (upstream), L2 of the midstream segment 1s L2

(midstream), and that L2 of the downstream segment 1s L2

(downstream), the widths are formed so as to satisfy the following

relationship:

.2 (upstream) < L2 (midstream) < LZ (downstream)

similarly, because the height of the convex portion 24, which 1is

the depth of the concave portion on the back side, 1s constant,

and a cross-sectional area of the cooling water flow passage 1s

defined by width*depth, assuming that a cross-sectional area of the

upstream segment is S2 (upstream), a cross-sectlonal area ot the

midstream segment is S2 (midstream), and that a cross-sectional

area of the downstream segment is S2 (downstream), there 1s the
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following relationship:

S2 (upstream) < S2 (midstream) < S2 (downstream)

[0030]

In other words, if the width L1 of the concave portion 22 1in

the midstream segment is used as a reference, the width L1 of the

concave portion 22 in the upstream segment is made larger than that

of the midstream segment by a predetermined amount, and the width

L1 of the concave portion 22 in the downstream segment 1s made

smaller than that of the midstream segment by a predetermined amount.

Further, if the width L2 of the convex portion 24 in the midstream

e

segment is used as a reference, the width L2 of the convex portion

24 in the upstream segment is made larger than that of the midstream
segment by a predetermined amount, and the width L2 of the convex

portion 24 in the downstream segment is made smaller than that ot

the midstream segment by a predetermined amount.
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[0031]

More specifically, in FIG. 3(a), FIG. 3(b), and FIG. 3(cC),

a sum of the width L1 of the concave portion 22 and the width L2

of the convex portion 24, that is, a pitch P=L1+L2, 1s constant.

In other words, the width L1 of the concave portion 22 and the width

.2 of the convex portion 24 are changed 1n the upstream segment,

the midstream segment, and the downstream segment, while
maintaining a constant pitch of the concave portion 22 and the convex

portion 24.

(0032 ]

Fig. 4 shows a table comparing the present embodiment with

a comparative example in which the width of the concave portion

22 and the width of the convex portion 24 are constant 1n the upstream

segment, the midstream segment, and the downstream segment. This

e
anad

table illustrates ratios between the width of the concave portion

22 and the width of the convex portion 24 separately for each of

the gas flow passage and the cooling water flow passage. For the

gas flow passage, the ratio is shown as (the width of the concave
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portion 22/the width of the convex portion 24), while for the cooling

water flow passage, the ratio 1s shown as (the width of the convex

i)

portion 24/ the width of the concave portion 22). If the width o:

the concave portion 22 1in the midstream segment 1s used as a

reference, and a pitch is P, in the midstream segment, both the

comparative example and the present embodiment have the same ratio

of the gas flow passage, A/ (P-A), and the same ratio of the cooling

water flow passage, (P-A)/A. In the comparative example, this

ratio does not change in the upstream segment and the downstream

segment, and 1s constant. On the other hand, 1n the present

embodiment, because the width of the concave portion 22 becomes

larger in the upstream segment by a predetermined amount o, the

P

ratio of the gas flow passage becomes (A+x)/(P-A-o), and the ratio

of the cooling water flow passage becomes (A-o)/ (P-A+a). Further,
because the width of the concave portion 22 becomes smaller i1n the

downstream segment by a predetermined amount o, the ratio of the

gas flow passage becomes (A-a)/ (P-A+a), and the ratio of the cooling

water flow passage becomes (A+a)/ (P-A-a) .
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(0033 ]

Alternatively, assuming that the width of the convex portion

24 in the midstream segment is B, and that a predetermined amount

is B, the ratio of the gas flow passage is A/B, and the ratio of

5 the cooling water flowpassage 1s B/A 1n all of the upstream segment,

midstream segment, and downstream segment in the comparative

example. Meanwhile, in the present embodiment, the ratios of the

gas flow passage may be (A+a)/(B-p) in the upstream segment, A/B

in the midstream segment, and (A-o)/ (B+B) 1n the downstream segment,

10 and the ratios of the cooling water flow passage may be (B-3)/ (A+x)

in the upstream segment, B/A in the midstream segment, and

(B+B) / (A-a) in the downstream segment. o and (3 may be or may not

be identical. If cxand p are identical, the pitch is constant, while

if o and B are different, the pitch changes.

15

10034 ]

FIG. 5 shows a specific example based on the table in FIG.

4, in which o in FIG. 4 is set at 0.08 mm. In all of the upstream
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segment, midstream segment, and downstream segment 1n the

comparative example, the ratio of the gas flow passage 1S

1.12(mm) /0.42 (mm), and the ratio of the cooling water flow passage

is 0.42/1.12. Meanwhile, in the present embodiment, the ratio of

5 the gas flow passage changes from1.20/0.34 1n the upstream segment

to 1.12/0.42 in the midstream segment, and 1.04/0.50 1n the

downstream segment. If the ratio in the midstream segment 1s used

as a reference, the ratio in the upstream segment 1increases compared

to that of the midstream segment, while the ratio 1n the downstream
10 segment decreases compared to that of the midstream segment.
Further, the ratio of the cooling water flow passage changes from

0.34/1.20 in the upstream segment to 0.42/1.12 in the mildstream

v

ITf the ratio in

—k

segment, and 0.50/1.04 1n the downstream segment.

the midstream segment is used as a reference, the ratio in the

15 upstream segment decreases compared to that of themldstream segment,

while the ratio in the downstream segment 1ncreases compared to

F

that of the midstream segment. The comparative example and the

present embodiment use the same ratio in the midstream segment.
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[0035]

As such, by forming the width L1 of the concave portion 22
such that L1 (upstream) > L1 (midstream) > L1 (downstream), gas
pressure loss decreases 1n the upstream segment, and the gas flow

5 rate 1ncreases 1n the downstream segment. Thus, molsture 1s
allowed to move from the upstream segment to the downstream segment,

thereby suppressing drying even when temperature 1s high. Further,

because the gas flow rate increases 1n the downstream segment even

when the temperature i1s low, the drainage 1s ensured, thereby

10 suppressing flooding.
[0036]

Further, by forming the width L2 of the convex portion 24 such
that L2 (upstream) < L2 (midstream) < L2 (downstream), a contact
area or the contact rate between the separator 20 and the gas

15 diffusion layver 12 in the downstream segment increases, and the
heat transfer efficiency increases, thereby suppressing drying and

thus drying-up in the downstream segment when temperature is high.

The flooding and the drying-up greatly affect output voltage of
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the fuel cell. In the present embodiment, these flooding and

drying-up are suppressed, and output voltage of the fuel cell

lncreases.

[0037]

5 FIG. 6 shows cell voltage characteristics of the fuel cells
of the comparative example and the present embodiment. In the
figure, the lateral axis indicates the current density, and the
vertical axis indicates average cell voltage. Further, 1n the

figure, a line 100 indicates cell voltage of the present embodiment,

10 and a line 200 indicates cell voltage of the comparative example.

When the current density 1s low, the comparative example and the

present embodiment have almost the same cell voltage. However, as

the current density increases, the cell voltage of the present

embodiment becomes larger than that of the comparative example.

15 This is because, in the present embodiment, there 1s a uniform

i

membrane wet state throughout the gas flow passage, and 1in

particular, drying is suppressed on the downstream side when output

is high.
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10038

FIG. 7 shows a specific structure of the separator 20 of the

present embodiment. The separator 20 has a rectangular shape as
a whole, and a gas flow passage, which 1s formed of the concave
portion among the convex and concave portions formed as the front
and back sides of the separator, has three segments, that is, the
upstream segment, midstream segment, and downstream segment. In
this figure, the upstream segment, the midstream segment, and the

downstream segment are formed in this order from above. Hydrogen

gas inlet/outlet manifolds 50 and 52 and cooling water i1nlet/outlet

manifolds 60 and 62 are formed on the right and left circumferential

portions of the separator 20. Specifically, the hydrogen inlet

manifold 50 and three cooling water inlet manifolds 60 are formed

r—

in this order from the top of the right circumferential portion

of the separator 20. On the left circumferential portion, there
are four manifolds in total, that is, three cooling water outlet

manifolds 62 and a hydrogen gas outlet manifold 52, are formed 1in

this order from above. Hydrogen gas 1is supplied from an external
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hyvdrogen tank via a regulator or an injector through the hydrogen

inlet manifold 50 of the right circumferential portion of the

separator 20. A hydrogen gas pipe extends from a hydrogen tank to

the fuel cell stack side and is connected to the hydrogen gas i1nlet

5 manifold 50 through the inside of the end plate of the fuel cell

stack. Hydrogen gas flows into the upstream segment of the gas flow

passage from the gas inlet on the upper right end in the figure.

(00391

Hydrogen gas flows through the upstream segment of the gas

10 flow passage, which is the serpentine flow passage, from right to

left in the figure, and flows into the midstream segment while

turning at the left end. Hydrogen gas then flows through the

midstream segment of the gas flow passage from left to right in

the figure, and flows into the downstream segment while turning

15 at the right end. Hydrogen gas further flows through the downstream

segment of the gas flow passage from right to left in the figure,

and is discharged as off gas from a gas outlet via the hydrogen

gas outlet manifold 52 of the left circumferential portion of the
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separator 20. Hydrogen gas discharged as off gas 1s subjected to

moisture removal by a gas-ligquid separation machine and then

supplied to the upstream segment of the gas flow passage agaln using

a circulation pump.

[(0040]

On the other hand, the cooling water is supplied from the

coolingwater inlet manifold 60 of the right circumferential portion
of the separator 20. The cooling water flows through the convex
portion adjacent to the concave portion on the front side which
constitutes the gas flow passage, which means that the cooling water

flow passage is formed of the concave portion on the back side.

The cooling water is then discharged from the cooling water outlet

gy

manifold 62 of the left circumferential portion of the separator

20. More specifically, although the gas flow enters from the

hyvdrogen gas inlet manifold 50, flows from the upstream segment

to the midstream segment and the downstream segment, and 1s
discharged from the hydrogen gas outlet manifold 52, the cooling

water does not meander in this manner, and it flows from the cooling
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water inlet manifolds 60, flows through the upstream, milidstream,

and downstream segments of the cooling water flow passage, and 1S

discharged from the cooling water outlet manifolds 62. In the

present embodiment, the gas flow passage is the serpentine flow

5 passage, but the cooling water flow passage 1s a straight flow
passage. There are dimple arrays 66 along the vertical direction
between the cooling water inlet/outlet manifolds 60 and 62 and the
cooling water flow passage, to make adjustments so that the cooling

water flow is almost constant. Further, air inlet/outlet manifolds

10 70 and 72 are formed on the upper and lower circumferential portions

of the separator 20.

[0041]

The width of the concave portion of the upstream segment of

the gas flow passage i1s set to be relatively larger than that ot

15 the concave portion of the midstream segment. In addition, the

width of the concave portion of the downstream segment of the gas

flow passage is set to be relatively smaller than that of the concave

portion of the midstream segment. On the other hand, the width ot
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F

the convex portion of the upstream segment of the gas flow passage

is set to be relatively smaller than that of the convex portion

of the midstream segment. The width of the convex portion of the

downstream segment is set to be relatively larger than that of the

5 convex portion of the midstream segment. Specifically, the width

()

of the concave portion in the upstream segment (flow passage width)

is 1.20 mm; the width of the concave portion in the midstream segment

is 1.12 mm; and the width of the concave portion in the downstream

segment is 1.04 mm. Further, the width of the convex portion 1n

P

10 the upstream segment is 0.34 mm; the width of the convex portion

in the midstream segment is 0.42 mm; and the width of the convex

portion in the downstream segment 1s 0.50 mm. Of course, these

numerical numbers of the widths are mere examples, and, for example,

the width of the concave portion 22 1n the upstream segment may

15 Dbe 1.02 mm; the width of the concave portion 22 in the midstream

segment may be 0.95 mm; and the width of the concave portion 22

in the downstream segment may be 0.88 mm.

10042 ]
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As described, according to the present embodiment, 1in the

separator on which the gas flow passage and the cooling water passage

are formed on the front and back sides thereof, the further

downstream the gas flow passage 1s, the smaller the cross-sectional

area of the gas flow passage becomes, and the larger the

cross-sectional area of the cooling water flow passage becomes.

Thus, pressure loss is reduced in the upstream segment, and the

generated water 1is allowed to move to the downstream segment,

thereby improving the wet state of the membrane. In other words,

by making the cross-sectional area of the gas flow passage

relatively larger in the upstream segment of the gas flow passage,
it is possible to reduce pressure loss and allow the generated water,
which exists in the upstream segment of the gas flow passage, tO
flow to the downstream side, thereby effectively suppressing
flooding, which is caused when the generated water accumulates in

the flow passage and narrows the flow passage, and suppressing the

shortage of the generated water i1in the downstream segment. Further,

by making the cross-sectional area of the gas flow passage smaller
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in the downstream segment, that 1s, by making the cross-sectional

area of the cooling water flow passage larger 1n the downstream

segment, it is possible to prevent drying and suppress drylng-up

in the downstream segment, especially under high temperature

operation. Because, in the present embodiment, the generated water

is delivered from the upstream segment to the downstream segment

more reliably than ever before, the heat transfer efficiency

increases, and the drying-up suppressing effect is significant.

(0043 ]

Although, in the present embodiment, the serpentine flow

passage 1s exemplified as the gas flow passage of the separator

20, the present invention is not limited to this, and can be applied

to a straight flow passage without curves. In the straight flow
passage, the concave portions 22 are formed on a straight line from
the gas inlet toward the gas outlet. The straight flow passage 1s
divided into two segments, i.e. an upstream segment and a downstream

segment, or three segments, i.e. an upstream segment, a midstream

segment, and a downstream segment. The setting i1s made such that
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the further downstream the flow passage 1s, the smaller the width

of the concave portion 22 1s, and the larger the width of the convex

portion 24 1s.

D (0044 ]

Further, although, in the present embodiment, the width of

the concave portion 22, that is, the cross-sectional area of the

concave portion 22, 1s changed in the upstream segment, the

midstream segment, and the downstream segment, the width of the

10 concave portion 22 in the upstream segment and the midstream segment

may be equal, and only the width of the concave portion 22 1in the

downstream segment may be made relatively smaller. 1In this case,

the widths of the convex portions 24 in the upstream segment and

e

the midstream segment are equal, and only the width of the convex

15 portion 24 in the downstream segment 1s made relatively larger.

Further, the widths of the concave portion 22 in the midstream

segment and the downstream segment may be equal, and only the width

yr—er
-

the concave portion 22 in the upstream segment may be made
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relatively larger. In this case, the widths of the convex portion

24 in the midstream and the downstream segments are equal, and only

the width of the convex portion 24 in the upstream segment 1s made

relatively smaller.

5 [0045]

Further, in the present embodiment, the concave flow passage

is formed on the separator 20 on the anode side, and the porous
body flow passage made of the porous body layer 34 1s formed on
the cathode side, if the cathode side has a press separator which
10 is similar to the separator 20, but not the porous body layer 34,

the width of the concave portion 22 and the width of the convexX

portion 24 of this cathode-side press separator may also change

on the upstream side and the downstream side, as on the anode side.

15 [0046]

Further, although, in the present embodiment, the widths of

the concave portion 22 and the convex portion 24 are changed while

maintaining a constant pitch between them, the pitch does not always



have to be constant, and it may also be changed while changing the

widths of the concave portion 22 and the convex portion 24.

holds true in the above description, that indicates that the pitch

1S
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constant, while, 1f o differs from (3,

pi1tch changes.

[Reference Numerals]

[0047]

BO

10 MEA, 12, 14 GAS !

DY LAYER, 22 CONCAVE

PORTION,

that indicates that the

5 X PORTI

24 CONV:

DIFFUSION SHEET, 20, 30 SEPARATOR, 34 POROUS

ON.

It a=p
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CLAIMS:

1. A fuel cell comprising:

a membrane electrode assembly; and

a separator located on one side of the membrane electrode assembly,

the separator having concave and convex shapes formed on a front side

and a back side of the separator, wherein the front side faces toward

the membrane electrode assembly and the back side faces away from the

membrane electrode assembly, the separator having a gas flow passage

formed as a concave portion on the front side and a coolant flow passage

formed as a concave portion on the back side, wherein the concave portion

on the front side forming the gas flow passage conforms to a corresponding

convex portion on the back side, and the concave portion on the back side

forming the coolant flow passage conforms to a corresponding convex

portion on the front side, whereiln

a cross-sectional area of the concave portion constituting the gas

flow passage of the separator 1s set such that it becomes relatively

smaller on a gas downstream side than on a gas upstream side, and a

cross-sectional area of the concave portion constituting the coolant flow

CA 2840020 2017-09-22
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passage of the separator 1s set such that i1t becomes relatively larger

on a coolant downstream side than on a coolant upstream side,

the gas flow passage is a serpentine flow passage, and the coolant
flow passage 1s a straight flow passage,

the gas flow passage comprises a first gas flow passage segment
and a second gas flow passage segment downstream of the first gas flow
passage, wherein a first gas flow direction of the first gas flow passage
segment 1is opposite a second gas flow direction of the second gas flow
passage segment,

the coolant flow passage comprises a first coolant flow passage
segment and second coolant flow passage segment having a common coolant

flow direction,

the first coolant flow passage segment 1s formed on the back side
of the separator opposite the front side of the separator forming the
first gas flowpassage segment, and the second coolant flowpassage segment

is formed on the back side of the separator opposite the front side of

the separator forming the second gas flow passage segment,

a first gas flow passage segment width of the gas flow passage in

CA 2840020 2017-09-22



39

the first gas flow passage segment 1s greater than a second gas flow passage

segment width of the gas flow passage in the second gas flow passage

segment,

a first coolant passage segment width of the coolant flow passage

in the first coolant flow passage segment 1s less than a second coolant

flow passage segment width of the coolant flow passage 1n the second

coolant flow passage segment, and

a sum of the first gas flow passage segment width and the first

coolant passage segment width 1s egual to a sum of the second gas flow

passage segment width and the second coolant passage segment width.

2. The fuel cell according to Claim 1, wherein

the separator i1s installed on the anode side, and a porous body

flow passage 1s formed on the cathode side.

3. The fuel cell according to Claim 1, wherein

the separator 1is installed on the anode side, and a flow direction

CA 2840020 2017-09-22



49

of the gas flow passage on the anode side is opposite to a flow direction

of the gas flow passage on the cathode side.

CA 2840020 2017-09-22
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