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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to a fuel cell stack. A generic fuel cell stack is, for
instance, known from US 2007/0207353 A1.

BACKGROUND ART

[0002] One previously known fuel cell stack is a solid oxide fuel cell (hereinafter may be
abbreviated as an SOFC) stack that uses a solid electrolyte (solid oxide).

[0003] In such an SOFC, a fuel cell (power generating cell) used as a power generating unit
includes, for example: an anode provided on one side of a solid electrolyte membrane and in
contact with fuel gas; and an oxidant electrode (cathode) provided on the other side and in
contact with oxidant gas (air). In addition, a fuel cell stack including a plurality of power
generating cells stacked through interconnectors has been developed in order to obtain a
desired voltage.

[0004] Such a type of fuel cell stack has a problem in that the temperature of power
generating cells in a central region with respect to the direction of stacking the power
generating cells (stacking direction) is generally higher than the temperature of power
generating cells in end regions.

[0005] One technique proposed in view of this problem is to supply cold air to one side
surface of the fuel cell stack in the central region with respect to the stacking direction and also
supply heat-exchanged hot gas to the end portions, with respect to the stacking direction, of
the fuel cell stack (see Patent Document 1).

[0006] US 2007/0207353 A1 discloses a fuel cell stack with a first fuel gas supply path passing
through a heat exchange unit (HI), a second path (316A-I) passing in parallel through a first
group of power generating cells (3001), and a third path (316J-M) passing in parallel through
the remaining power generating cells (3002). The document does, inter alia, not disclose the
arrangement of the inlets and outlets of claim 1. Further fuel cell stacks are described, for
instance, in US 2008/248349 A1 and US 2006/0257709 A1.

PRIOR ART DOCUMENT

PATENT DOCUMENT
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[0007] Patent Document 1: Japanese Patent Application Laid-Open (kokai) No. 2005-5074

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] In the above conventional technique, the cold air is supplied to only one side surface of
the fuel cell stack, and therefore the power generating cells in the central region, with respect
to the stacking direction, of the fuel cell stack cannot be cooled sufficiently. Moreover, with the
conventional technique, the utilization ratio of the fuel gas cannot be improved sufficiently.

[0009] One aspect of the present invention is to provide a fuel cell stack in which the cooling
effect on the power generating cells is high and the utilization ratio of the fuel gas is high.

MEANS FOR SOLVING THE PROBLEMS

[0010] In order to solve the aforementioned problem, the present invention provides a fuel cell
stack having the features as defined in claim 1. Further preferred embodiments are disclosed
in the dependent claims.

[0011] Afuel cell stack of a first aspect of the present invention comprises a plurality of power
generating cells stacked on one another; a heat exchange unit disposed between two of the
power generating cells which are located adjacent to each other; a fuel gas supply path for
supplying fuel gas to the power generating cells; and an oxidant gas supply path for supplying
oxidant gas to the power generating cells. The fuel gas supply path includes, in series, a first
path passing through the heat exchange unit, a second path passing in parallel through some
of the plurality of power generating cells, and a third path passing in parallel through the
remaining power generating cells. In the second path, when the power generating cells are
viewed in a stacking direction thereof, two inlets of the fuel gas in each of the some power
generating cells are located at a first position PA and a second position PB located along one
side of each power generating cell, and one outlet of the fuel gas in each of the some power
generating cells is located at a third position PC along another side of each power generating
cell that is opposite the one side. In the third path, when the power generating cells are viewed
in the stacking direction, an inlet of the fuel gas in each of the remaining power generating cells
is located at a position coinciding with the third position PC, and an outlet of the fuel gas in
each of the remaining power generating cells is located at a position between the first position
PA and the second position PB.

[0012] A fuel cell stack of a second aspect of the present invention comprises a plurality of
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power generating cells stacked on one another; a heat exchange unit disposed at at least one
of a position between two of the power generating cells which are located adjacent to each
other and a position outside of one of the plurality of power generating cells that is located at
an end in a stacking direction of the power generating cells; a fuel gas supply path for
supplying fuel gas to the power generating cells; and an oxidant gas supply path for supplying
oxidant gas to the power generating cells. The fuel gas supply path includes, in series, a first
path passing through the heat exchange unit, a second path passing in parallel through some
of the plurality of power generating cells, and a third path passing in parallel through the
remaining power generating cells. In the second path, when the power generating cells are
viewed in a stacking direction thereof, two inlets of the fuel gas in each of the some power
generating cells are located at a first position PA and a second position PB located along one
side of each power generating cell, and one outlet of the fuel gas in each of the some power
generating cells is located at a third position PC along another side of each power generating
cell that is opposite the one side. In the third path, when the power generating cells are viewed
in the stacking direction, an inlet of the fuel gas in each of the remaining power generating cells
is located at a position coinciding with the third position PC, and an outlet of the fuel gas in
each of the remaining power generating cells is located at a position between the first position
PA and the second position PB.

[0013] In the fuel cell stack of the first aspect of the present invention, the heat exchange unit
is disposed between two power generating cells, and the power generating cells can be
effectively cooled by causing the fuel gas to flow through the heat exchange unit.

[0014] In the fuel cell stack of the second aspect of the present invention, the heat exchange
unit is disposed at at least one of a position between two power generating cells located
adjacent to each other and a position outside of one of the plurality of power generating cells
that is located at an end in the stacking direction, and the power generating cells can be
effectively cooled by causing the fuel gas to flow through the heat exchange unit. The heat
exchange unit is disposed at at least one of "a position between two power generating cells
located adjacent to each other," "a position outside of the upper end, with respect to the
stacking direction, of the power generating cells," and "a position outside of the lower end, with
respect to the stacking direction, of the power generating cells." The heat exchange unit may
be disposed at each of any two of the three positions or all the three positions.

[0015] In the fuel cell stacks of the first and second aspects of the present invention, the fuel
gas supply path includes, in series, the first path, the second path through which the fuel gas
flows in a parallel manner, and the third path through which the fuel gas flows in a parallel
manner. Therefore, a high fuel utilization ratio can be achieved.

[0016] In the fuel cell stacks of the first and second aspects of the present invention, the inlets
and outlets of the fuel gas in the second path and the third path are disposed at the above-
described positions in the power generating cells. This allows the fuel gas to flow uniformly
through the power generating cells, and therefore uniform power generation can be achieved.
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[0017] In particular, as viewed in the stacking direction, the distance from the first position PA
to the third position PC and the distance from the second position PB to the third position PC
may be substantially the same. In this case, the flow of the fuel gas in the power generating
cells becomes more uniform.

[0018] In the fuel cell stacks of the first and second aspects of the present invention, the fuel
gas supply path may include a plurality of fuel gas passages extending within the fuel cell stack
in the stacking direction, and connection ports that connect the fuel gas passages to the heat
exchange unit and interiors of at least some of the plurality of power generating cells, and the
inlets and the outlets may be part of the connection ports. In this case, common use of a
manifold becomes possible, and the number of components can be reduced.

[0019] Further, the fuel cell stacks of the first and second aspects of the present invention
may further comprise a plurality of bolts passing through the fuel cell stack in the stacking
direction and used to fix the plurality of power generating cells and the heat exchange unit,
wherein the plurality of fuel gas passage are cavities formed inside the plurality of bolts. In this
case, since the fuel gas passages are present inside the bolts, the overall size of the fuel cell
stack can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

[FIG. 1] Cross-sectional view showing the configuration of a fuel cell stack 1 in a first
embodiment, illustrating the flow of fuel gas.

[FIG. 2] Cross-sectional view showing the configuration of the fuel cell stack 1 in the first
embodiment, illustrating the flow of air.

[FIG. 3] Plan view showing the configuration of the fuel cell stack 1 in the first embodiment,
illustrating the flow of fuel gas.

[FIG. 4] Plan view showing the configuration of the fuel cell stack 1 in the first embodiment,
illustrating the flow of air.

[FIG. 5] Cross-sectional view of a power generating cell 3 in a V-V cross section in FIGS. 3 and
4.

[FIG. 6] Exploded view showing the configuration of a power generating cell 3D and a heat
exchange unit 7.

[FIG. 7] Plan view showing the flow of fuel gas in the heat exchange unit 7.
[FIG. 8] Plan view showing the flow of air in the heat exchange unit 7.

[FIG. 9] Cross-sectional view showing the configuration of a fuel cell stack 1 in a second
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embodiment, illustrating the flow of fuel gas.

[FIG. 10] Cross-sectional view showing the configuration of the fuel cell stack 1 in the second
embodiment, illustrating the flow of air.

[FIG. 11] Plan view showing the configuration of the fuel cell stack 1 in the second
embodiment, illustrating the flow of fuel gas.

[FIG. 12] Plan view showing the configuration of the fuel cell stack 1 in the second
embodiment, illustrating the flow of air.

[FIG. 13] Cross-sectional view showing the configuration of a fuel cell stack 1 in a third
embodiment, illustrating the flow of fuel gas.

[FIG. 14] Cross-sectional view showing the configuration of the fuel cell stack 1 in the third
embodiment, illustrating the flow of air.

[FIG. 15] Cross-sectional view showing the configuration of a fuel cell stack 1 in a fourth
embodiment, illustrating the flow of fuel gas.

[FIG. 16] Cross-sectional view showing the configuration of the fuel cell stack 1 in the fourth
embodiment, illustrating the flow of air.

DESCRIPTION OF REFERENCE NUMERALS

[0021] 1: fuel cell stack, 1A, 1B: side, 3, 3A, 3B, 3C, 3D, 3E, 3F, 3G, 3H: power generating
cell, 7: heat exchange unit, 8, 9: end plate, 11 to 18: hole, 19: nut, 21 to 28: bolt, 31 to 38: gas
passage, 41: fuel gas passage, 43, 51, 53, 57, 63, 69: inlet, 45, 47, 55, 59, 65, 71: outlet, 49:
power generating cell-fuel gas passage, 61: air passage, 67: power generating cell-air
passage, 101: solid electrolyte, 103. anode, 105: cathode, 107: cell body, 109, 111:
interconnector, 113, 119: gas seal member, 115: separator, 117: anode frame, 121: anode-side
current collector, 123: cathode-side current collector, 125, 129, 135, 139, 142, 151, 151A,
151B, 157, 157A, 157B, 157C: hole, 127, 133, 137, 141: opening, 131, 143, 153, 154, 159,
160, 161: communication groove, 145: cathode-side member, 147: anode-side member, 149,
155: recess, 163, 165, 181: heater, 167: casing, 169: combustion catalyst, 171: space, 173:
discharge tube, 174, 175, 177, 179: outlet

MODES FOR CARRYING OUT THE INVENTION

[0022] Embodiments of the present invention will be described with reference to the drawings.

<First embodiment>
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1. Overall configuration of fuel cell stack 1

[0023] The configuration of a fuel cell stack 1 will be described with reference to FIGS. 1 to 8.
The fuel cell stack 1 is a solid oxide fuel cell stack and is a device that generates electric power
using fuel gas (e.g., hydrogen) and air (corresponding to an example of the oxidant gas)
supplied to the device.

[0024] The fuel cell stack 1 has a structure in which flat plate-shaped fuel cells (hereinafter
referred to as power generating cells) 3 serving as power generating units, a heat exchange
unit 7, and a pair of end plates 8 and 9 are stacked as shown in FIGS. 1 and 2. There are eight
power generating cells 3, and they are denoted by 3A, 3B, 3C, 3D, 3E, 3F, 3G, and 3H,
respectively, from the top to the bottom in FIGS. 1 and 2.

[0025] The heat exchange unit 7 is located between the power generating cells 3D and 3E
and in contact therewith. Specifically, four power generating cells 3 are stacked above the heat
exchange unit 7, and four power generating cells 3 are stacked below the heat exchange unit
7.

[0026] The end plate 8 is located on the outer side of the power generating cell 3A (the upper
side in FIGS. 1 and 2) and is in contact with the power generating cell 3A. The end plate 9 is
located on the outer side of the power generating cell 3H (the lower side in FIGS. 1 and 2) and
is in contact with the power generating cell 3H.

[0027] As shown in FIGS. 3 and 4, the fuel cell stack 1 (i.e., the power generating cells 3, the
heat exchange unit 7, and the end plates 8 and 9) has a rectangular shape as viewed in the
stacking direction of the power generating cells 3 (the vertical direction in FIGS. 1 and 2 and
the direction perpendicular to the sheets in FIGS. 3 and 4).

[0028] The fuel cell stack 1 has eight holes 11 to 18 that extend therethrough in the stacking
direction. The holes 11 to 18 are formed by holes provided in the power generating cells 3, the
heat exchange unit 7, and the end plates 8 and 9 included in the fuel cell stack 1. When the
fuel cell stack 1 is viewed in the stacking direction, the holes 11, 12, and 13 are formed at
regular intervals along one side 1A which defines the outer shape of the fuel cell stack 1, and
the hole 12 is located at the midpoint of the side 1A. The holes 15, 16, and 17 are formed at
regular intervals along a side 1B opposite the side 1A, and the hole 16 is located at the
midpoint between the holes 15 and 17.

[0029] A bolt 21 is inserted into the hole 11, and nuts 19 are screwed onto the opposite ends
of the bolt 21. The bolt 21 extends in the stacking direction from one end of the fuel cell stack 1
to the other end. Similarly, bolts 22 to 28 are inserted into the holes 12 to 18, and nuts 19 are
screwed onto the opposite ends of the bolts 22 to 28. The power generating cells 3 and the
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heat exchange unit 7 are fixed together by the bolts 21 to 28 and the nuts 19.

[0030] The bolts 21 to 28 have respective hollow gas passages 31 to 38 (gas passages
composed of cavities) formed therein. The gas passages 31 to 38 extend from one ends of the
bolts 21 to 28 to the other ends in their axial direction. The gas passages 31, 32, 35, 36, and
37 correspond to examples of the fuel gas passages.

[0031] The bolt 21 has an inlet 43 that is a hole extending from the gas passage 31 to the
outer surface of the bolt 21 and connected to a fuel gas passage 41 (described later) in the
heat exchange unit 7, as shown in FIGS. 1, 3, and 7.

[0032] The bolt 25 has an outlet 45 that is a hole extending from the gas passage 35 to the
outer surface of the bolt 25 and connected to the fuel gas passage 41.

[0033] The bolt 27 has an outlet 47 that is a hole extending from the gas passage 37 to the
outer surface of the bolt 27 and connected to the fuel gas passage 41.

[0034] The bolt 25 has five inlets 51 that are holes extending from the gas passage 35 to the
outer surface of the bolt 25 as shown in FIGS. 1 and 3. The five inlets 51 are disposed at
regular intervals in the vertical direction in FIG. 1 and are in communication with power
generating cell-fuel gas passages 49 (described later) in the power generating cells 3A, 3B,
3C, 3D, and 3E.

[0035] The bolt 27 has five inlets 53 that are holes extending from the gas passage 37 to the
outer surface of the bolt 27 as shown in FIGS. 1 and 3. The five inlets 53 are disposed at
regular intervals in the vertical direction in FIG. 1 and are in communication with the power
generating cell-fuel gas passages 49 in the power generating cells 3A, 3B, 3C, 3D, and 3E.

[0036] The bolt 22 has five outlets 55 that are holes extending from the gas passage 32 to the
outer surface of the bolt 22 as shown in FIGS. 1 and 3. The five outlets 55 are disposed at
regular intervals in the vertical direction in FIG. 1 and are in communication with the power
generating cell-fuel gas passages 49 (described later) in the power generating cells 3A, 3B,
3C, 3D, and 3E.

[0037] The bolt 22 has three inlets 57 that are holes extending from the gas passage 32 to
the outer surface of the bolt 22 as shown in FIGS. 1 and 3. The three inlets 57 are disposed at
regular intervals in the vertical direction in FIG. 1 and are in communication with power
generating cell-fuel gas passages 49 in the power generating cells 3F, 3G, and 3H.

[0038] The bolt 26 has three outlets 59 that are holes extending from the gas passage 36 to
the outer surface of the bolt 26 as shown in FIGS. 1 and 3. The three outlets 59 are disposed
at regular intervals in the vertical direction in FIG. 1 and are in communication with the power
generating cell-fuel gas passages 49 in the power generating cells 3F, 3G, and 3H.
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[0039] The bolt 23 has an inlet 63 that is a hole extending from the gas passage 33 to the
outer surface of the bolt 23 and connected to an air passage 61 (described later) in the heat
exchange unit 7 as shown in FIGS. 2, 4, and 8. The bolt 28 has an outlet 65 that is a hole
extending from the gas passage 38 to the outer surface of the bolt 28 and connected to the air
passage 61.

[0040] The bolt 28 has eight inlets 69 that are holes extending from the gas passage 38 to the
outer surface of the bolt 28 as shown in FIGS. 2, 4, and 8. The eight inlets 69 are disposed at
prescribed intervals in the vertical direction in FIG. 1 and are in communication with power
generating cell-air passages 67 (described later) in the power generating cells 3A, 3B, 3C, 3D,
3E, 3F, 3G, and 3H.

[0041] The bolt 24 has eight outlets 71 that are holes extending from the gas passage 34 to
the outer surface of the bolt 24 as shown in FIGS. 2, 4, and 8. The eight outlets 71 are
disposed at prescribed intervals in the vertical direction in FIG. 2 and are in communication
with the power generating cell-air passages 67 in the power generating cells 3A, 3B, 3C, 3D,
3E, 3F, 3G, and 3H. The above-described outlets and inlets correspond to examples of the
connection ports.

2. Configuration of power generating cells 3

[0042] The configuration of the power generating cells 3 will be described with reference to
FIGS. 5 and 6. FIG. 6 shows the configuration of the power generating cell 3D included in the
power generating cells 3. The power generating cells 3 are plate-shaped cells of the so-called
anode-supporting film type. Each of the power generating cells 3 includes a thin-film solid
electrolyte 101, an anode 103, and a thin film cathode 105, the anode 103 and the cathode
105 being formed on opposite sides of the solid electrolyte 101. In the following description, the
solid electrolyte 101, the anode 103, and the cathode 105 are collectively referred to as a cell
body 107. A power generating cell-air passage 67 is present on the cathode 105 side of the
cell body 107, and a power generating cell-fuel gas passage 49 is present on the anode 103
side.

[0043] Each of the power generating cells 3 further includes paired upper and lower
interconnectors 109 and 111; a plate-shaped gas seal member 113 disposed on the cathode
105 side; a separator 115 that is joined to the upper surface of the outer edge portion of the
cell body 107 to isolate the power generating cell-air passage 67 and the power generating
cell-fuel gas passage 49 from each other; an anode frame 117 disposed on the power
generating cell-fuel gas passages 49 side; and a gas seal member 119 disposed on the anode
103 side. These members are stacked integrally.

[0044] An anode-side current collector 121 is disposed between the anode 103 and the
interconnector 111 within the power generating cell 3, and a cathode-side current collector 123
is formed on the surface of the interconnector 109 so as to be integrated therewith.
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[0045] The material used for the solid electrolyte 101 may be YSZ, ScSzZ, SDC, GDC, a
perovskite-type oxide, etc. A cermet formed from N, Ni, and a ceramic can be used for the
anode 103, and a perovskite-type oxide and a cermet formed from a noble metal and a
ceramic can be used for the cathode 105.

[0046] The interconnectors 109 and 111 are plate-shaped members formed from ferrite-
based stainless steel, and eight holes 125 corresponding to the holes 11 to 18 are formed in
the outer edge portions of the interconnectors 109 and 111.

[0047] The gas seal member 113 is a frame-shaped plate member having a square opening
127 at its center and formed from mica or vermiculite, and eight holes 129 corresponding to
the holes 11 to 18 are formed in the outer edge portions of the gas seal member 113. Two of
the holes 129 that correspond to the holes 14 and 18 are in communication with the opening
127 through communication grooves 131. The communication grooves 131 are not grooves
penetrating through the gas seal member 113 in its thickness direction but grooves formed by
carving one surface of the gas seal member 113. The communication grooves 131 can be
formed by laser processing or press working.

[0048] The separator 115 is a frame-shaped plate member having a square opening 133 at its
center and formed from ferrite-based stainless steel. The cell body 107 is joined to the
separator 115 so as to close the opening 133. The separator 115 also has eight holes 135
corresponding to the holes 11 to 18 in its outer edge portions.

[0049] The anode frame 117 is a frame-shaped plate member having an opening 137 at its
center and formed from ferrite-based stainless steel. The anode frame 117 also has eight
holes 139 corresponding to the holes 11 to 18 on its outer edge portions.

[0050] The gas seal member 119 is a frame-shaped plate member having a square opening
141 at its center and formed from mica or vermiculite, and eight holes 142 corresponding to
the holes 11 to 18 are formed in the outer edge portions of the gas seal member 119. In the
power generating cells 3A, 3B, 3C, 3D, and 3E, three of the holes 142 that correspond to the
holes 12, 15, and 17 are in communication with the opening 141 through communication
grooves 143. In the power generating cells 3F, 3G, and 3H, two of the holes 142 that
correspond to the holes 12 and 16 are in communication with the opening 141 through
communication grooves 143. These communication grooves 143 are not grooves penetrating
through the gas seal member 119 in its thickness direction but grooves formed by carving one
surface of the gas seal member 119. The communication grooves 143 can be formed by laser
processing or press working.

3. Configuration of heat exchange unit 7

[0051] The configuration of the heat exchange unit 7 will be described with reference to FIGS.
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6 to 8. The heat exchange unit 7 includes a cathode-side member 145 and an anode-side
member 147. The cathode-side member 145 is a plate-shaped member adjacent to the power
generating cell 3D and has a square recess 149 at the center of the surface facing the power
generating cell 3D. Eight holes 151 corresponding to the holes 11 to 18 are formed in the outer
edge portions of the cathode-side member 145. Two of the holes 151, i.e., holes 151A and
151B, corresponding to the holes 13 and 18 are in communication with the recess 149 through
communication grooves 153 and 154. The recess 149 and the communication grooves 153
and 154 do not penetrate through the cathode-side member 145 in its thickness direction and
are formed by carving the surface facing the power generating cell 3D.

[0052] The anode-side member 147 is a plate-shaped member that is in contact with the
cathode-side member 145 on one side and in contact with the power generating cell 3E on the
other side. The anode-side member 147 has a square recess 155 at the center of the surface
facing the cathode-side member 145. Eight holes 157 corresponding to the holes 11 to 18 are
formed in the outer edge portions of the anode-side member 147. Three of the holes 157, i.e.,
holes 157A, 157B, and 157C, corresponding to the holes 11, 15, and 17 are in communication
with the recess 155 through communication grooves 159, 160, and 161. The recess 155 and
the communication grooves 159, 160, and 161 do not penetrate through the anode-side
member 147 in its thickness direction and are formed by carving the surface facing the
cathode-side member 145.

[0053] When the cathode-side member 145 is joined to the power generating cell 3D, in a
region where the recess 149, the holes 151, and the communication grooves 153 and 154 are
not present, the surface of the cathode-side member 145 that faces the power generating cell
3D comes into contact with the power generating cell 3D. The air passage 61, which is a
closed space extending from the hole 151A through the communication groove 153, the recess
149, and the communication groove 154 to the hole 151B, is thereby formed between the
cathode-side member 145 and the power generating cell 3D. As described above, the air
passage 61 is in communication with the gas passage 33 through the inlet 63 at the hole 151A
(the hole 13) and in communication with the gas passage 38 through the outlet 65 at the hole
151B (the hole 18).

[0054] When the anode-side member 147 is joined to the cathode-side member 145, in a
region where the recess 155, the holes 157, and the communication grooves 159, 160, and
161 are not present, the surface of the anode-side member 147 that faces the cathode-side
member 145 comes into contact with the cathode-side member 145. The fuel gas passage 41
is thereby formed between the anode-side member 147 and the cathode-side member 145.
The fuel gas passage 41 is a closed space extending from the hole 157A through the
communication groove 159, the recess 155, and the communication groove 160 to the hole
157B and also extending from the hole 157A through the communication groove 159, the
recess 155, and the communication groove 161 to the hole 157C. As described above, the fuel
gas passage 41 is in communication with the gas passage 31 through the inlet 43 at the hole
157A (the hole 11) and in communication with the gas passages 35 and 37 through the outlets
45 and 47 at the hole 157B (the hole 15) and the hole 157C (the hole 17), respectively.
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4. Method of producing fuel cell stack 1

[0055] A method of producing the fuel cell stack 1 will be described. First, the interconnectors
109 and 111, the separator 115, and the anode frame 117 that have the above-described
shapes are formed by punching them from a ferrite-based stainless steel plate. The gas seal
members 113 and 119 having the above-described shapes are formed by cutting them from a
sheet formed of mica or vermiculite.

[0056] Next, the cell body 107 is formed using a well-known method. Specifically, a green
sheet which is to become the solid electrolyte 101 is placed on a green sheet which is to
become the anode 103, and the resultant laminate is fired. Then a material forming the
cathode 105 is printed on the solid electrolyte 101 and then fired to thereby form the cell body
107. The cell body 107 is joined to the separator 115 so as to close the opening 133 of the
separator 115. The cell body 107 is joined to the separator 115 by brazing.

[0057] Next, as shown in FIG. 6, the interconnector 109, the gas seal member 113, the
separator 115 with the cell body 107 joined thereto, the anode frame 117, the gas seal
member 119, and the interconnector 111 are stacked and integrated, whereby a power
generating cell 3 is completed.

[0058] Eight power generating cells 3, the heat exchange unit 7, and the end plates 8 and 9
are stacked in the order shown in FIGS. 1 and 2. Then the bolts 21 to 28 are inserted into the
holes 11 to 18, and the nuts 19 are screwed onto the opposite ends of the bolts 21 to 28,
whereby the fuel cell stack 1 is completed.

5. Flow of fuel gas and flow of oxidant gas

[0059] First, the flow of fuel gas will be described. Arrows in FIGS. 1, 3, and 7 indicate the flow
of the fuel gas. Solid arrows indicate the flow of the fuel gas in a first path, and dotted arrows
indicate the flow of the fuel gas in a second path. Dash-dotted arrows indicate the flow of the
fuel gas in a third path.

[0060] As shown in FIGS. 1 and 3, the fuel gas is introduced from an end portion (denoted by
F(IN) in FIGS. 1 and 3) of the passage 31 at the power generating cell 3H, passes through the
passage 31, and enters the fuel gas passage 41 in the heat exchange unit 7 through the inlet
43. Then, as shown in FIG. 7, the fuel gas flows inside the fuel gas passage 41, enters the
passage 35 through the outlet 45, and also enters the passage 37 through the outlet 47.

[0061] As shown in FIGS. 1 and 3, the fuel gas entering the passage 35 flows inside the
passage 35, passes through the five inlets 51 (i.e., is split), and enters the power generating
cell-fuel gas passages 49 in the power generating cells 3A, 3B, 3C, 3D, and 3E. The fuel gas
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entering the passage 37 passes through the five inlets 53 (i.e., is split) and enters the power
generating cell-fuel gas passages 49 in the power generating cells 3A, 3B, 3C, 3D, and 3E.

[0062] As shown in FIG. 3, the fuel gas then flows in parallel through the power generating
cell-fuel gas passages 49 in the power generating cells 3A, 3B, 3C, 3D, and 3E and enters the
passage 32 through the five outlets 55.

[0063] Then the fuel gas passes through the passage 32, passes through the three inlets 57
(i.e., is split), and enters the power generating cell-fuel gas passages 49 in the power
generating cells 3F, 3G, and 3H. As shown in FIG. 3, the fuel gas flows in parallel through the
power generating cell-fuel gas passages 49 in the power generating cells 3F, 3G, and 3H and
enters the passage 36 through the three outlets 59.

[0064] Then the fuel gas is discharged from an end portion (denoted by F(OUT) in FIGS. 1
and 3) of the passage 36 at the power generating cell 3H.

[0065] The above-described path of the fuel gas corresponds to an example of the fuel gas
supply path. In the above-described path of the flow of the fuel gas, a section in which the fuel
gas flows inside the fuel gas passage 41 in the heat exchange unit 7 corresponds to an
example of the first path. In the above-described path of the flow of the fuel gas, a section in
which the fuel gas enters the power generating cell-fuel gas passages 49 in the power
generating cells 3A, 3B, 3C, 3D, and 3E through the passages 35 and 37, flows through the
power generating cell-fuel gas passages 49 to the passage 32 corresponds to an example of
the second path. In the above-described path of the flow of the fuel gas, a section in which the
fuel gas enters the power generating cell-fuel gas passages 49 in the power generating cells
3F, 3G, and 3H through the passage 32 and flows through the power generating cell-fuel gas
passages 49 to the passage 36 corresponds to an example of the third path.

[0066] As described above, the arrows in FIGS. 1, 3, and 7 indicate the flow of the fuel gas.
The solid arrows indicate the flow of the fuel gas in the first path, and the dotted arrows
indicate the flow of the fuel gas in the second path. The dash-dotted arrows indicate the flow of
the fuel gas in the third path.

[0067] Specifically, the above-described path of the flow of the fuel gas includes, in series, the
first path, the second path, and the third path. The term "in series" means that the fuel gas
flows through the first path, second path, and third path in this order.

[0068] Next, the flow of air will be described. As shown in FIGS. 2 and 4, the air is introduced
from an end portion (denoted by O(IN) in FIGS. 2 and 4) of the passage 33 at the power
generating cell 3A, passes through the passage 33, and enters the air passage 61 in the heat
exchange unit 7 through the inlet 63. Then, as shown in FIG. 8, the air flows inside the air
passage 61 and enters the gas passage 38 through the outlet 65.

[0069] As shown in FIGS. 2 and 4, the air entering the gas passage 38 flows inside the gas
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passage 38 and enters the power generating cell-air passages 67 in the power generating
cells 3 through the eight inlets 69. Then, as shown in FIGS. 2 and 4, the air flows in parallel
through the power generating cell-air passages 67 in the power generating cells 3 and enters
the gas passage 34 through the eight outlets 71. Then the air is discharged from an end
portion (denoted by O(OUT) in FIGS. 2 and 4) of the gas passage 34 at the power generating
cell 3H. The above-described path of the flow of the air corresponds to an example of the
oxidant gas supply path. Arrows in FIGS. 2, 4, and 8 indicates the flow of the air.

6. Effects obtained by fuel cell stack 1

[0070]

1. (1) In the fuel cell stack 1, the heat exchange unit 7 is disposed between the two
adjacent power generating cells 3D and 3E, and the fuel gas can be introduced to the
heat exchange unit 7. This allows the power generating cells 3 to be cooled efficiently.
Particularly, since the heat exchange unit 7 is disposed near the center of the fuel cell
stack 1 in which heat tends to be accumulated, the power generating cells 3 can be
more effectively cooled.

2. (2) In the second path, inlets of the fuel gas in the power generating cells 3A, 3B, 3C,
3D, and 3E are the inlets 51 and 53 formed in the bolts 25 and 27, and outlets of the fuel
gas in the power generating cells 3A, 3B, 3C, 3D, and 3E are the outlets 55 formed in
the bolt 22.

In the third path, inlets of the fuel gas in the power generating cells 3F, 3G, and 3H are
the inlets 57 formed in the bolt 22, and outlets of the fuel gas in the power generating
cells 3F, 3G, and 3H are the outlets 59 formed in the bolt 26.

When the power generating cells 3 are viewed in the stacking direction, the inlets 51 and
53 are located at two positions disposed along the side 1B of each power generating cell
3, and the outlets 55 are located near the side 1A opposite the side 1B. As viewed in the
stacking direction, the inlets 57 are located at a position coinciding with the position of
the outlets 55, and the outlets 59 are located at the midpoint between the inlets 51 and
53. The positions of the inlets 51 and 53 correspond to examples of the first position PA
and the second position PB, and the position of the outlets 55 and the inlets 57
corresponds to an example of the third position PC. The side 1B corresponds to an
example of the one side having the first position PA and the second position PB, and the
side 1A corresponds to an example of "the side opposite the one side."

When the inlets 51, 53, and 57 and the outlets 55 and 59 are arranged as described
above, the fuel gas is allowed to flow through the power generating cells uniformly, so
that electric power can be generated uniformly in the power generating cells. Particularly,
when the power generating cells are viewed in the stacking direction, the distance from
the first position PA to the third position PC and the distance from the second position PB
to the third position PC are the same. This allows the fuel gas to flow through each of the
power generating cells more uniformly.

In addition, stagnation of the fuel gas in the power generating cells 3 can be suppressed.
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Moreover, the number of bolts each having the passage of the fuel gas can be reduced.

3. (3) The fuel cell stack 1 has the fuel gas supply path that includes, in series, the first
path, the second path through which the fuel gas flow in a parallel manner, and the third
path through which the fuel gas flow in a parallel manner. Therefore, a high fuel
utilization ratio is achieved.

4. (4) In the fuel cell stack 1, the fuel gas supply path is composed of a plurality of gas
passages 31, 32, 35, 36, and 37 extending through the fuel cell stack 1 in the stacking
direction and connection ports (the inlets 43, 51, 53, and 57 and the outlets 45, 47, 55,
and 59) for connecting the gas passages 31, 32, 35, 36, and 37 to the power generating
cells or the heat exchange unit 7. Therefore, common use of a manifold becomes
possible, and the number of components can be reduced.

<Second embodiment>

1. Configuration of fuel cell stack 1

[0071] The configuration of a fuel cell stack 1 is basically the same as that in the first
embodiment but is partially different. The differences will be mainly described with reference to
FIGS. 9 to 12, and the description of components similar to those in the first embodiment will
be omitted or simplified.

[0072] As shown in FIGS. 9 and 10, the fuel cell stack 1 includes seven power generating cells
3 and two heat exchange units 7. One of the two heat exchange units 7 is disposed between
the power generating cells 3B and 3C, and the other of the two heat exchange units 7 is
disposed between the power generating cells 3E and 3F.

2. Flow of fuel gas and flow of oxidant gas

[0073] The flow of the fuel gas will first be described. As shown in FIGS. 9 and 11, the fuel gas
is introduced from an end portion (denoted by F(IN) in FIGS. 9 and 11) of the passage 31 at
the power generating cell 3G, passes through the passage 31, and enters the fuel gas
passages 41 in the two heat exchange units 7 through the inlets 43. As shown in FIG. 9, in
each of the two heat exchange units 7, the fuel gas flows inside the fuel gas passage 41,
enters the passage 35 through the outlet 45, and also enters the passage 37 through the
outlet 47. The inlet 43 and the outlets 45 and 47 are provided for each of the two heat
exchange units 7.

[0074] As shown in FIGS. 9 and 11, the fuel gas entering the passage 35 flows inside the
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passage 35, passes through the five inlets 51 (i.e., is split), and enters the power generating
cell-fuel gas passages 49 in the power generating cells 3A, 3B, 3C, 3D, and 3E. The fuel gas
entering the passage 37 passes through the five inlets 53 and enters the power generating
cell-fuel gas passages 49 in the power generating cells 3A, 3B, 3C, 3D, and 3E.

[0075] Then, as shown in FIGS. 9 and 11, the fuel gas flows in parallel through the power
generating cell-fuel gas passages 49 in the power generating cells 3A, 3B, 3C, 3D, and 3E and
enters the passage 32 through the outlets 55.

[0076] The fuel gas passes through the passage 32 and enters the power generating cell-fuel
gas passages 49 in the power generating cells 3F and 3G through two inlets 57. Then, as
shown in FIGS. 9 and 11, the fuel gas flows in parallel through the power generating cell-fuel
gas passages 49 in the power generating cells 3F and 3G and enters the passage 36 through
outlets 59.

[0077] Then the fuel gas is discharged from an end portion (denoted by F(OUT) in FIGS. 9
and 11) of the passage 36 at the power generating cell 3G.

[0078] Next, the flow of air will be described. As shown in FIGS. 10 and 12, the air is
introduced from an end portion (denoted by O(IN) in FIGS. 10 and 12) of the passage 33 at
the power generating cell 3A, passes through the passage 33, and enters the air passages 61
in the two heat exchange units 7 through two inlets 63. Then, as shown in FIG. 10, the air flows
inside the air passages 61 in the two heat exchange units 7 and enters the gas passage 38
through two outlets 65.

[0079] As shown in FIGS. 10 and 12, the air entering the gas passage 38 flows inside the gas
passage 38 and enters the power generating cell-air passages 67 in the power generating
cells 3 through the inlets 69. Then, as shown in FIGS. 10 and 12, the air flows in parallel
through the power generating cell-air passages 67 and enters the passage 34 through the
outlets 71. Then the air is discharged from an end portion (denoted by O(OUT) in FIGS. 10
and 12) of the gas passage 34 at the power generating cell 3G.

3. Effects obtained by fuel cell stack 1

[0080] The fuel cell stack 1 can provide substantially the same effects as those in the first
embodiment. Since the two heat exchange units 7 are provided, the power generating cells 3
are more effectively cooled.

<Third embodiment>

1. Configuration of fuel cell stack 1
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[0081] The configuration of a fuel cell stack 1 in the present embodiment is basically the same
as that in the second embodiment but is partially different. The differences will be mainly
described with reference to FIGS. 13 and 14, and the description of components similar to
those in the second embodiment will be omitted or simplified.

[0082] The fuel cell stack 1 includes seven power generating cells 3 and two heat exchange
units 7, as shown in FIGS. 13 and 14. One of the two heat exchange units 7 is disposed
between the end plate 8 and the power generating cell 3A. The other one of the two heat
exchange units 7 is disposed between the end plate 9 and the power generating cell 3G.
Specifically, the two heat exchange units 7 are disposed outside of power generating cells 3
located at ends in the stacking direction of the stack of the power generating cells 3 and are in
contact with the power generating cells 3 located at the ends.

[0083] The fuel cell stack 1 further includes heaters 163 and 165. The heater 163 is disposed
on the outer side of the end plate 8 (on the upper side in FIGS. 13 and 14) and is in contact
with the end plate 8. The heater 165 is disposed on the outer side of the end plate 9 (the lower
side in FIGS. 13 and 14) and is in contact with the end plate 9.

[0084] Each of the heaters 163 and 165 includes a hollow box-shaped casing 167 formed
from a metal and a combustion catalyst 169 contained in the casing 167.

[0085] The holes 11 to 18 pass through the fuel cell stack 1, including the heaters 163 and
165. The bolts 21 to 28 pass through the holes 11 to 18 and extend from one end to the other
end of the fuel cell stack 1, including the heaters 163 and 165. Part of the bolts 21 to 28 are
present in spaces 171 inside the casings 167.

[0086] The nuts 19 are screwed onto the bolts 21 to 28 from the outer sides of the heaters
163 and 165 to thereby mutually fix the power generating cells 3, the heat exchange units 7,
the end plates 8 and 9, and the heaters 163 and 165.

[0087] Each of the heaters 163 and 165 includes a discharge tube 173 on their side surface.
The space 171 inside the heater 163 is in communication with the outside of the heater 163
through a discharge tube 173. The space 171 inside the heater 165 is in communication with
the outside of the heater 165 through a discharge tube 173.

[0088] The bolt 26 has an outlet 174 that is a hole for connecting the space 171 inside the
heater 163 to the passage 36. The bolt 26 also has an outlet 175 that is a hole for connecting
the space 171 in the heater 165 to the passage 36. No holes connecting the passage 36 to the
outside are provided in the bolt 26 in regions outside of the heaters 163 and 165.

[0089] The bolt 24 has an outlet 177 that is a hole for connecting the space 171 inside the
heater 163 to the passage 34. The bolt 24 also has an outlet 179 that is a hole for connecting
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the space 171 in the heater 165 to the passage 34. No holes connecting the passage 34 to the
outside are provided in the bolt 24 in regions outside of the heaters 163 and 165.

2. Flow of fuel gas and flow of oxidant gas

[0090] The flow of the fuel gas and the flow of the oxidant gas in the present embodiment are
basically the same as those in the second embodiment. However, the fuel gas passing through
the power generating cells 3F and 3G and entering the passage 36 enters the heater 163
through the outlet 174 and also enters the heater 165 through the outlet 175.

[0091] The air passing through the power generating cells and entering the passage 34
enters the heater 163 through the outlet 177 and also enters the heater 165 through the outlet
179.

[0092] In the heater 163, the fuel gas introduced through the outlet 174 and the air introduced
through the outlet 177 are combusted through the action of the combustion catalyst 169 or the
action of contact combustion (combustion that occurs when the fuel gas and the oxidant gas
come into contact with each other in a high-temperature state). The exhaust gas after
combustion is discharged to the outside through the discharge tube 173. The heat generated
by the combustion in the heater 163 is supplied to the power generating cells 3 through the
end plate 8.

[0093] In the heater 165, the fuel gas introduced through the outlet 175 and the air introduced
through the outlet 179 are combusted through the action of the combustion catalyst 169 or the
action of contact combustion (combustion that occurs when the fuel gas and the oxidant gas
come into contact with each other in a high-temperature state). The exhaust gas after
combustion is discharged to the outside through the discharge tube 173. The heat generated
by the combustion in the heater 165 is supplied to the power generating cells 3 through the
end plate 9.

3. Effects obtained by fuel cell stack 1

[0094]

1. (1) The fuel cell stack 1 can provide substantially the same effects as those in the
second embodiment.

2. (2) Since the fuel cell stack 1 is provided with the heaters 163 and 165 at the ends of the
stack of the power generating cells 3, the temperature difference between the center
and the ends of the stack of the power generating cells 3 can be reduced.

3. (3) The fuel cell stack 1 is provided with the two heat exchange units 7 at the ends of the
stack of the power generating cells 3. Therefore, the heaters 163 and 165 can be
prevented from causing an excessive increase in the temperature of power generating
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cells 3 located at the ends of the stack.

<Fourth embodiment>

1. Configuration of fuel cell stack 1

[0095] The configuration of a fuel cell stack 1 in the present embodiment is basically the same
as that in the second embodiment but is partially different. The differences will be mainly
described with reference to FIGS. 15 and 16, and the description of components similar to
those in the second embodiment will be omitted or simplified.

[0096] The fuel cell stack 1 includes seven power generating cells 3 and two heat exchange
units 7 as shown in FIGS. 15 and 16. One of the two heat exchange units 7 is disposed
between the power generating cell 3D and the power generating cells 3E. The other one of the
two heat exchange units 7 is disposed between the end plate 9 and the power generating cell
3G. Specifically, one of the two heat exchange units 7 is disposed near the center of the stack
of the power generating cells 3, and the other one is disposed outside of a power generating
cell 3 located at an end in the stacking direction of the stack of the power generating cells 3
and is in contact with the power generating cell 3 located at the end.

[0097] The fuel cell stack 1 further includes a heater 181. The heater 181 is disposed on the
outer side of the end plate 9 (on the lower side in FIGS. 15 and 16) and is in contact with the
end plate 9.

[0098] The heater 181 includes a hollow box-shaped casing 167 formed from a metal and a
combustion catalyst 169 contained in the casing 167.

[0099] The holes 11 to 18 pass through the fuel cell stack 1, including the heater 181. The
bolts 21 to 28 pass through the holes 11 to 18 and extend from one end to the other end of the
fuel cell stack 1, including the heater 181. Part of the bolts 21 to 28 are present in an inner
space 171 of the casing 181.

[0100] The nuts 19 are screwed onto the bolts 21 to 28 from the outer sides of the heater 181
and the end plate 8 to thereby mutually fix the power generating cells 3, the heat exchange
units 7, the end plates 8 and 9, and the heater 181.

[0101] The heater 181 includes a discharge tube 173 on its side surface. The space 171
inside the heater 181 and the outside of the heater 181 are in communication with each other
through the discharge tube 173. The bolt 26 has an outlet 175 that is a hole for connecting the
space 171 inside the heater 181 to the passage 36. No hole connecting the passage 36 to the
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outside is provided in the bolt 26 in a region outside of the heater 181.

[0102] The bolt 24 has an outlet 179 that is a hole for connecting the space 171 in the heater
181 to the passage 34. No hole connecting the passage 34 to the outside is provided in the
bolt 24 in a region outside of the heater 181.

2. Flow of fuel gas and flow of oxidant gas

[0103] The flow of the fuel gas and the flow of the oxidant gas in the present embodiment are
basically the same as those in the second embodiment. However, the fuel gas passing through
the power generating cells 3F and 3G and then entering the passage 36 enters the heater 181
through the outlet 175. The air passing through the power generating cells and then entering
the passage 34 enters the heater 181 through the outlet 179.

[0104] In the heater 181, the fuel gas introduced through the outlet 175 and the air introduced
through the outlet 179 are combusted through the action of the combustion catalyst 169 or the
action of contact combustion (combustion that occurs when the fuel gas and the oxidant gas
come into contact with each other in a high-temperature state). The exhaust gas after
combustion is discharged to the outside through the discharge tube 173. The heat generated
by the combustion in the heater 181 is supplied to the power generating cells 3 through the
end plate 9.

3. Effects obtained by fuel cell stack 1

[0105]

1. (1) The fuel cell stack 1 can provide substantially the same effects as those in the
second embodiment.

2. (2) Since the fuel cell stack 1 is provided with the heater 181 at an end of the stack of
the power generating cells 3, the temperature difference between the center and the
end of the stack of the power generating cells 3 can be reduced.

3. (3) The fuel cell stack 1 is provided with one heat exchange unit 7 disposed at an end of
the stack of the power generating cells 3, the end being located on the side toward the
heater 181. Therefore, the heater 181 can be prevented from causing an excessive
increase in the temperature of the power generating cell 3 located at the end of the
stack.

4. (4) The fuel cell stack 1 is provided with one heat exchange unit 7 disposed near the
center of the stack of the power generating cells 3. Therefore, the power generating
cells 3 can be effectively cooled.
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<Other embodiments>

[0106]

1. (1) The number of power generating cells 3 provided in the fuel cell stacks 1 in the first
to fourth embodiments is not limited to 7 and 8 and may be set appropriately. The
number of heat exchange units 7 provided in the fuel cell stacks 1 is not limited to 1 and
2 and may be set appropriately.

2. (2) In the fuel cell stack 1 in each of the first to fourth embodiments, the position of each
heat exchange unit 7 in the stacking direction may be the center of the fuel cell stack 1
or near an end of the fuel cell stack 1.

3. (3) In the fuel cell stack 1 in each of the first to fourth embodiments, the positional

relation between the inlets 51 and 53 and the outlets 59 is not limited to that described
above. For example, when the fuel cell stack 1 is viewed in the stacking direction, the
position of the outlets 59 may be located equidistant from the inlets 51 and 53 or may be
located closer to one of the inlets 51 and 53. The position of the outlets 59 may be
located on a line connecting the inlets 51 and 53 or may be located off the line.
The position of the outlets 55 and the inlets 57 is also not limited to that described
above. For example, when the fuel cell stack 1 is viewed in the stacking direction, the
position of the outlets 55 and the inlets 57 may be located equidistant from the bolts 21
and 23 or may be located closer to one of the bolts 21 and 23. The position of the
outlets 55 and the inlets 57 may be located on a line connecting the bolts 21 and 23 or
may be located off the line.

4. (4) The fuel cell stack 1 in each of the first and second embodiments may further include
a heater similar to those in the third and fourth embodiments. In such a case, the heater
may be disposed on one side or both sides of the stack of the power generating cells 3.
The fuel cell stack 1 in the fourth embodiment may be provided with heaters on both
sides of the stack of the power generating cells 3, as in the third embodiment.

5. (5) The fuel cell stack 1 in each of the third and fourth embodiments may include no
heaters. The fuel cell stack 1 in the third embodiment may include only one heater.

6. (6) The fuel cell stack 1 in each of the third and fourth embodiments may include only
one heat exchange unit 7. The heat exchange unit 7 may be located at an end of the
stack of the power generating cells 3 (a position between the end plate 8 and the power
generating cell 3A or between the end plate 9 and the power generating cell 3G) or at a
position near the center of the stack of the power generating cells 3.

7. (7) The heat exchange unit 7 in the fuel cell stack 1 in the first embodiment may be
located at an end of the stack of the power generating cells 3 (a position between the
end plate 8 and the power generating cell 3A or between the end plate 9 and the power
generating cell 3H).

8. (8) One or both of the heat exchange units 7 in the fuel cell stack 1 in the second
embodiment may be located at the ends of the stack of the power generating cells 3 (a
position between the end plate 8 and the power generating cell 3A and a position
between the end plate 9 and the power generating cell 3G).
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9. (9) In the above embodiments, the fuel gas passages in the fuel cell stack are cavities
formed inside the bolts (hollow bolts), but this is not a limitation. The passages of the fuel
gas may be formed externally of the outer surfaces of solid bolts (bolts with no inner
cavities). Solid bolts and hollow bolts may be used in combination in the fuel cell stack.
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PATENTIKRAYV

1. Breendselscellestak (1) omfattende:

flere energidannende celler (3, 3A, 3B, 3C, 3D, 3E, 3F, 3G, 3H) stablet pa hinanden;

en varmevekslerenhed (7) anbragt i i det mindste én blandt en position mellem to af
de energidannende celler (3, 3A, 3B, 3C, 3D, 3E, 3F, 3G, 3H), som er anbragt nabostillet
til hinanden, og en position uden for en af de flere energidannede celler (3, 3A, 3B, 3C,
3D, 3E, 3F, 3G, 3H), som er lokaliseret ved en ende i en stabelretning af de energidannen-
de celler (3, 3A, 3B, 3C, 3D, 3E, 3F, 3G, 3H);

en braendselsgasforsyningsvej (41, 31, 32, 35, 36, 37, 49) til tilfgrsel af breendsels-
gas til de energidannende celler (3, 3A, 3B, 3C, 3D, 3E, 3F, 3G, 3H); og en oxideringsgas-
forsyningsvej (61) til tilfgrsel af oxideringsgas til de energidannende celler (3, 3A, 3B, 3C,
3D, 3E, 3F, 3G, 3H), hvor

breendselsgasforsyningsvejen (41, 31, 32, 35, 36, 37, 49) indbefatter, i serie, en fgr-
ste vej (41), der passerer gennem varmevekslerenheden, en anden vej (49), der passerer
parallelt gennem nogle af de flere energidannende celler (3A, 3B, 3C, 3D, 3E), og en tredje
vej (49), der passerer parallelt gennem de gvrige energidannende celler (3F, 3G, 3H); i
den anden sti (4), ndr de energidannede celler (3, 3A, 3B, 3C, 3D, 3E, 3F, 3G, 3H) ses i en
stablingsretning deraf, forefindes to indtag (51, 53) af breendselsgas i hver af nogle af de
energidannede celler (3A, 3B, 3C, 3D, 3E) i en fgrste position (PA) og en anden position
(PB) lokaliseret langs med én side af hver energidannende celle (3, 3A, 3B, 3D, 3E), og en
udfgrselsabning (55) for breendselsgassen i hver af nogle af de energidannende celler (3A,
3B, 3C, 3D, 3E) forefindes i en tredje position (PC) langs med en anden side af hver ener-
gidannende celle (3A, 3B, 3C, 3D, 3E), som er over for den ene side; og i den tredje vej
(49), nar de energidannede celler (3, 3A, 3B, 3C, 3D, 3E, 3F, 3G, 3H) ses i stablingsret-
ningen, forefindes et indtag (57) til braendselsgas i hver af de gvrige energidannende celler
(3F, 3G, 3H) i en position, der falder sammen med den tredje position (PC), og en udfgr-
selsdbning for breendselsgassen i hver af de gvrige energidannende celler (3F, 3G, 3H)
forefindes i en position mellem den fgrste position (PA) og den anden position (PB).

2. Breendselscellestak (1) ifglge krav 1, hvor varmevekslerenheden (7) er anbragt
mellem to af de energidannende celler (3, 3A, 3B, 3C, 3D, 3E, 3F, 3G, 3H), som er place-
ret nabostillet til hinanden.

3. Breendselscellestak (1) ifglge krav 1 eller 2, hvor flere varmevekslerenheder (7)
forefindes; og breendselsgassen strgmmer i den fgrste vej (41) parallelt gennem de flere
varmevekslerenheder.

4. Braendselscellestak (1) ifglge et hvilket som helst af kravene 1 til 3, hvor braend-
selsgastilfgrselsvejen omfatter flere breendselsgaspassager (31, 32, 35, 36, 37), der
streekker sig inde i braendselscellestakken (1) i stablingsretningen; og forbindelsesdbnin-
ger, der forbinder breendselsgaspassagerne (31, 32, 35, 36, 37) til varmevekslerenheden
(7) og det indre af i det mindste nogle af de flere energidannende celler (3, 3A, 3B, 3C,
3D, 3E, 3F, 3G, 3H); og indtagene (51, 53, 57) og udfgrselsabningerne (55, 59) er del af
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forbindelsesabningerne.

5. Breendselscellestak (1) ifglge krav 4, yderligere omfattende flere bolte (21, 22, 25,
26, 27), der passerer gennem braendselscellestakken (1) i stablingsretningen og benyttes
til at fastgare de flere energidannende celler (3, 3A, 3B, 3C, 3D, 3E, 3F, 3G, 3H) og var-
mevekslerenheden (7), hvor de flere breendselsgaspassager (31, 32, 35, 36, 37) er hulhe-
der dannet inde i de flere bolte (21, 22, 25, 26, 27).

6. Braendselscellestak (1) ifslge et hvilket som helst af kravene 1 til 5, hvor, nar de
energidannende celler (3, 3A, 3B, 3C, 3D, 3E, 3F, 3G, 3H) ses i stablingsretningen, afstan-
den fra den fgrste position (PA) til den tredje position (PC), og afstanden fra den anden

position (PB) til den tredje position (PC) i det veesentlige er den samme.
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