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Description

Technical Field

[0001] The present invention relates to a fuel cell mod-
ule including a fuel cell stack formed by stacking a plu-
rality of fuel cells for generating electricity by electro-
chemical reactions of a fuel gas and an oxygen-contain-
ing gas.

Background Art

[0002] Typically, a solid oxide fuel cell (SOFC) employs
a solid electrolyte of ion-conductive oxide such as stabi-
lized zirconia. The electrolyte is interposed between an
anode and a cathode to form an electrolyte electrode
assembly, for example, a membrane electrode assembly
(hereinafter also referred to as MEA). The electrolyte
electrode assembly is interposed between separators
(bipolar plates). In use, generally, predetermined num-
bers of the electrolyte electrode assemblies and the sep-
arators are stacked together to form a fuel cell stack.
[0003] As a system including this fuel cell stack, for
example, a fuel cell battery disclosed in Japanese Laid-
Open Patent Publication No. 2001-236980 (hereinafter
referred to as conventional technique 1) is known. As
shown in FIG. 23, the fuel cell battery includes a fuel cell
stack 1a, and a heat insulating sleeve 2a is provided at
one end of the fuel cell stack 1a. A reaction device 4a is
provided in the heat insulating sleeve 2a. The reaction
device 4a includes a heat exchanger 3a.
[0004] In the reaction device 4a, as a treatment of liquid
fuel, partial oxidation reforming which does not use water
is performed. After the liquid fuel is evaporated by an
exhaust gas, the liquid fuel passes through a feeding
point 5a which is part of the heat exchanger 3a. The fuel
contacts an oxygen carrier gas heated by the exhaust
gas to induce partial oxidation reforming, and thereafter
the fuel is supplied to the fuel cell stack 1a.
[0005] Further, as shown in FIG. 24, a solid oxide fuel
cell disclosed in Japanese Laid-Open Patent Publication
No. 2010-504607 (PCT) (hereinafter referred to as con-
ventional technique 2) has a heat exchanger 2b including
a cell core 1b. The heat exchanger 2b heats the cathode
air utilizing waste heat.
[0006] Further, as shown in FIG. 25, a fuel cell system
disclosed in Japanese Laid-Open Patent Publication No.
2004-288434 (hereinafter referred to as conventional
technique 3) includes a first area 1c having a columnar
shape extending vertically, and an annular second area
2c around the first area 1c, an annular third area 3c
around the second area 2c, and an annular fourth area
4c around the third area 3c.
[0007] A burner 5c is provided in the first area 1c, and
a reforming pipe 6c is provided in the second area 2c. A
water evaporator 7c is provided in the third area 3c, and
a CO shift converter 8c is provided in the fourth area 4c.

Summary of Invention

[0008] In the conventional technique 1, the heat ex-
changer 3a performs heat exchange in an annular cham-
ber. Therefore, in order to improve the heat efficiency,
for example, fins or the like need to be provided addition-
ally to produce a turbulent flow. However, if the fins or
the like are provided in the annular chamber, the pressure
loss becomes large, and the heat exchange cannot be
performed efficiently.
[0009] Further, in the conventional technique 2, the
heat exchanger 2b has a cylindrical shape, and is made
up of a plurality of plates arranged coaxially. In the struc-
ture, in order to improve the heat efficiency, for example,
fins or the like need to be provided additionally, and the
pressure loss is increased.
[0010] Further, in the conventional technique 3, in the
case where the heat exchange efficiency is not sufficient,
it is not possible to improve the heat exchange efficiency
and increase the heat transmission area suitably without
any changes in the design.
[0011] The present invention has been made to solve
the problem of this type, and an object of the present
invention is to provide a fuel cell module having simple
and compact structure which makes it possible to im-
prove the heat exchange efficiency suitably.
[0012] The present invention relates to a fuel cell mod-
ule including a fuel cell stack formed by stacking a plu-
rality of fuel cells for generating electricity by electro-
chemical reactions of a fuel gas and an oxygen-contain-
ing gas, a reformer for reforming a mixed gas of water
vapor and a raw fuel chiefly containing hydrocarbon to
produce the fuel gas supplied to the fuel cell stack, an
evaporator for evaporating water, and supplying the wa-
ter vapor to the reformer, a heat exchanger for raising a
temperature of the oxygen-containing gas by heat ex-
change with a combustion gas, and supplying the oxy-
gen-containing gas to the fuel cell stack, an exhaust gas
combustor for combusting the fuel gas discharged from
the fuel cell stack as a fuel exhaust gas and the oxygen-
containing gas discharged from the fuel cell stack as an
oxygen-containing exhaust gas to produce the combus-
tion gas, and a start-up combustor for combusting the
raw fuel and the oxygen-containing gas to produce the
combustion gas.
[0013] The fuel cell module includes a first area where
the exhaust gas combustor and the start-up combustor
are provided, an annular second area around the first
area where one of the reformer and the heat exchanger
is provided, an annular third area around the second area
where another of the reformer and the heat exchanger
is provided, and an annular fourth area around the third
area where the evaporator is provided.
[0014] The heat exchanger includes an annular oxy-
gen-containing gas supply chamber to which the oxygen-
containing gas is supplied, an annular oxygen-containing
gas discharge chamber to which the heated oxygen-con-
taining gas is discharged, a plurality of heat exchange
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pipes connected to the oxygen-containing gas supply
chamber at one end, and connected to the oxygen-con-
taining gas discharge chamber at another end, and a
combustion gas channel for supplying the combustion
gas to a space between the heat exchange pipes. At least
one of the heat exchange pipes includes at least one
portion where a pipe diameter is changed or a pipe cross
sectional area is changed.
[0015] In the present invention, the exhaust gas com-
bustor and the start-up combustor are provided in the
first area at the center. The annular second area is pro-
vided around the first area, and the annular third area is
provided around the second area, and the annular fourth
area is provided around the third area, successively. In
the structure, high temperature equipment with a large
heat demand can be provided inside, and low tempera-
ture equipment with a small heat demand can be provided
outside. Thus, improvement in the heat efficiency is
achieved, and thermally self-sustaining operation is fa-
cilitated. Further, simple and compact structure is
achieved.
[0016] Further, in the heat exchanger, the annular ox-
ygen-containing gas supply chamber, the annular oxy-
gen-containing gas discharge chamber, and the plurality
of heat exchange pipes are provided as basic structure.
Thus, simple structure is achieved easily. Accordingly,
the production cost of the heat exchanger is reduced ef-
fectively. Further, by changing the volumes of the oxy-
gen-containing gas supply chamber and the oxygen-con-
taining gas discharge chamber, the length, the diameter,
and the number of the pipes, the desired operation can
be achieved in various operating conditions, and a wider
variety of designs become available.
[0017] Moreover, the at least one of the heat exchange
pipes includes the at least one portion where the pipe
diameter is changed or the pipe cross sectional area is
changed. In the structure, transition from the laminar flow
to the turbulent flow occurs in the oxygen-containing gas
flowing through the heat exchange pipe. Accordingly, the
quantity of the heat passed from the combustion gas to
the oxygen-containing gas is increased, and improve-
ment in the heat exchange efficiency is achieved suitably.
The desired heat exchange efficiency can be achieved
under control.

Brief Description of Drawings

[0018]

FIG. 1 is a diagram schematically showing structure
of a fuel cell system including a fuel cell module ac-
cording to a first embodiment of the present inven-
tion;
FIG. 2 is a perspective view with partial omission
showing FC peripheral equipment of the fuel cell
module;
FIG. 3 is an exploded perspective view showing main
components of the FC peripheral equipment;

FIG. 4 is an enlarged perspective view showing main
components of the FC peripheral equipment;
FIG. 5 is a view showing temperature distribution in
the FC peripheral equipment;
FIG. 6 is a view showing gas flows of a combustion
gas in the FC peripheral equipment;
FIG. 7 is a view showing generation of a laminar flow
in a heat exchange pipe having a constant inner di-
ameter;
FIG. 8 is a view showing heat transmission efficiency
in the heat exchange pipe in FIG. 7;
FIG. 9 is a view showing generation of a turbulent
flow in the heat exchange pipe according to the first
embodiment;
FIG. 10 is a graph showing the heat transmission
efficiency in the heat exchange pipe in FIG. 9;
FIG. 11 is a perspective view with partial omission
showing FC peripheral equipment of a fuel cell mod-
ule according to a second embodiment;
FIG. 12 is a view showing gas flows of a combustion
gas in the FC peripheral equipment;
FIG. 13 is a view showing the heat exchange pipes
and baffle plates forming a combustion gas detour
channel;
FIG. 14 is a diagram schematically showing structure
of a fuel cell system including a fuel cell module ac-
cording to a third embodiment of the present inven-
tion;
FIG. 15 is a perspective view with partial omission
showing FC peripheral equipment of the fuel cell
module;
FIG. 16 is a view showing gas flows of a combustion
gas in the FC peripheral equipment;
FIG. 17 is a perspective view with partial omission
showing FC peripheral equipment of a fuel cell mod-
ule according to a fourth embodiment of the present
invention;
FIG. 18 is a perspective view with partial omission
showing FC peripheral equipment of a fuel cell mod-
ule according to a fifth embodiment of the present
invention;
FIG. 19 is a view showing another pipe;
FIG. 20 is a cross sectional view showing the other
pipe, taken along a line XX-XX in FIG. 19;
FIG. 21 is a view showing still another pipe;
FIG. 22 is a cross sectional view showing the still
other pipe taken along a line XXII-XXII in FIG. 21;
FIG. 23 is a view schematically showing a fuel cell
battery disclosed in the conventional technique 1;
FIG. 24 is a perspective view with partial cutout
showing a solid oxide fuel cell disclosed in the con-
ventional technique 2; and
FIG. 25 is a view schematically showing a fuel cell
system disclosed in the conventional technique 3.

Description of Embodiments

[0019] As shown in FIG. 1, a fuel cell system 10 in-
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cludes a fuel cell module 12 according to a first embod-
iment of the present invention, and the fuel cell system
10 is used in various applications, including stationary
and mobile applications. For example, the fuel cell sys-
tem 10 is mounted on a vehicle.
[0020] The fuel cell system 10 includes the fuel cell
module (SOFC module) 12 for generating electrical en-
ergy in power generation by electrochemical reactions
of a fuel gas (a gas produced by mixing a hydrogen gas,
methane, and carbon monoxide) and an oxygen-contain-
ing gas (air), a raw fuel supply apparatus (including a fuel
gas pump) 14 for supplying a raw fuel (e.g., city gas) to
the fuel cell module 12, an oxygen-containing gas supply
apparatus (including an air pump) 16 for supplying the
oxygen-containing gas to the fuel cell module 12, a water
supply apparatus (including a water pump) 18 for sup-
plying water to the fuel cell module 12, and a control
device 20 for controlling the amount of electrical energy
(power) generated in the fuel cell module 12.
[0021] The fuel cell module 12 includes a fuel cell stack
24 formed by stacking a plurality of solid oxide fuel cells
22 in a vertical direction (or horizontal direction). The fuel
cell 22 includes an electrolyte electrode assembly (MEA)
32. The electrolyte electrode assembly 32 includes a
cathode 28, an anode 30, and an electrolyte 26 inter-
posed between the cathode 28 and the anode 30. For
example, the electrolyte 26 is made of ion-conductive
oxide such as stabilized zirconia.
[0022] A cathode side separator 34 and an anode side
separator 36 are provided on both sides of the electrolyte
electrode assembly 32. An oxygen-containing gas flow
field 38 for supplying the oxygen-containing gas to the
cathode 28 is formed in the cathode side separator 34,
and a fuel gas flow field 40 for supplying the fuel gas to
the anode 30 is formed in the anode side separator 36.
As the fuel cell 22, various types of conventional SOFCs
can be adopted.
[0023] The operating temperature of the fuel cell 22 is
high, at several hundred °C. Methane in the fuel gas is
reformed at the anode 30 to obtain hydrogen and CO,
and the hydrogen and CO are supplied to a portion of
the electrolyte 26 adjacent to the anode 30.
[0024] An oxygen-containing gas supply passage 42a,
an oxygen-containing gas discharge passage 42b, a fuel
gas supply passage 44a, and a fuel gas discharge pas-
sage 44b extend through the fuel cell stack 24. The ox-
ygen-containing gas supply passage 42a is connected
to an inlet of each oxygen-containing gas flow field 38,
the oxygen-containing gas discharge passage 42b is
connected to an outlet of each oxygen-containing gas
flow field 38, the fuel gas supply passage 44a is connect-
ed to an inlet of each fuel gas flow field 40, and the fuel
gas discharge passage 44b is connected to an outlet of
each fuel gas flow field 40.
[0025] The fuel cell module 12 includes a reformer 46
for reforming a mixed gas of water vapor and a raw fuel
chiefly containing hydrocarbon (e.g., city gas) to produce
a fuel gas supplied to the fuel cell stack 24, an evaporator

48 for evaporating water and supplying the water vapor
to the reformer 46, a heat exchanger 50 for raising the
temperature of the oxygen-containing gas by heat ex-
change with a combustion gas, and supplying the oxy-
gen-containing gas to the fuel cell stack 24, an exhaust
gas combustor 52 for combusting the fuel gas discharged
from the fuel cell stack 24 as a fuel exhaust gas and the
oxygen-containing gas discharged from the fuel cell stack
24 as an oxygen-containing exhaust gas to produce the
combustion gas, and a start-up combustor 54 for com-
busting the raw fuel and the oxygen-containing gas to
produce the combustion gas.
[0026] Basically, the fuel cell module 12 is made up of
the fuel cell stack 24 and FC (fuel cell) peripheral equip-
ment 56. The FC peripheral equipment (BOP, Balance
of Plant) 56 includes the reformer 46, the evaporator 48,
the heat exchanger 50, the exhaust gas combustor 52,
and the start-up combustor 54.
[0027] As shown in FIG. 2, the FC peripheral equip-
ment 56 includes a first area R1 comprising, e.g., a cir-
cular opening where the exhaust gas combustor 52 and
the start-up combustor 54 are provided, an annular sec-
ond area R2 formed around the first area R1 where the
heat exchanger 50 is provided, an annular third area R3
formed around the second area R2 where the reformer
46 is provided, and an annular fourth area R4 formed
around the third area R3 where the evaporator 48 is pro-
vided.
[0028] As shown in FIGS. 2 and 3, the start-up com-
bustor 54 includes an air supply pipe 57 and a raw fuel
supply pipe 58. The start-up combustor 54 has an ejector
function, and generates negative pressure in the raw fuel
supply pipe 58 by the flow of the air supplied from the air
supply pipe 57 for sucking the raw fuel.
[0029] As shown in FIGS. 2 and 4, the FC peripheral
equipment 56 includes a first partition plate 60a provided
between the first area R1 and the second area R2, a
second partition plate 60b provided between the second
area R2 and the third area R3, and a third partition plate
60c provided between the third area R3 and the fourth
area R4. A fourth partition plate 60d is provided around
the fourth area R4. For example, the first partition plate
60a to the fourth partition plate 60d are made of stainless
steel plates.
[0030] As shown in FIGS. 2 and 3, the exhaust gas
combustor 52 is provided inside the first partition plate
60a containing the start-up combustor 54. The first par-
tition plate 60a has a cylindrical shape, and a plurality of
first combustion gas holes 62a are formed along the outer
circumferential portion of the first partition plate 60a, ad-
jacent to an end of the first partition plate 60a closer to
the fuel cell stack 24.
[0031] A plurality of second combustion gas holes 62b
are formed adjacent to an end of the second partition
plate 60b opposite to the fuel cell stack 24. A plurality of
third combustion gas holes 62c are formed adjacent to
an end of the third partition plate 60c closer to the fuel
cell stack 24. A plurality of fourth combustion gas holes
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62d are formed adjacent to an end of the fourth partition
plate 60d opposite to the fuel cell stack 24. The combus-
tion gas is discharged to the outside through the fourth
combustion gas holes 62d.
[0032] One end of an oxygen-containing exhaust gas
channel 63a and one end of a fuel exhaust gas channel
63b are provided at the first partition plate 60a. The com-
bustion gas is produced inside the first partition plate 60a
by combustion reaction of the fuel gas (specifically, fuel
exhaust gas) and the oxygen-containing gas (specifical-
ly, oxygen-containing exhaust gas).
[0033] As shown in FIG. 1, the other end of the oxygen-
containing exhaust gas channel 63a is connected to the
oxygen-containing gas discharge passage 42b of the fuel
cell stack 24, and the other end of the fuel exhaust gas
channel 63b is connected to the fuel gas discharge pas-
sage 44b of the fuel cell stack 24.
[0034] As shown in FIGS. 2 and 3, the heat exchanger
50 includes a plurality of heat exchange pipes (heat trans-
mission pipes) 64 provided around the first partition plate
60a. The heat exchange pipes 64 are fixed to a first inner
ring 66a of an oxygen-containing gas supply chamber
70a described later at one end (an end opposite to the
fuel cell stack 24: hereinafter, in the same manner, the
end opposite to the fuel cell stack 24 is referred to as one
end), and the heat exchange pipes 64 are fixed to a first
inner ring 66b of an oxygen-containing gas discharge
chamber 70b described later at the other end (an end
closer to the fuel cell stack 24: hereinafter, in the same
manner, the end closer to the fuel cell stack 24 is referred
to as the other end).
[0035] As shown in FIGS. 2, 3, and 5, at least one of
the heat exchange pipes 64 includes at lest one constrict-
ed portion 64a where the pipe diameter is changed or
the cross sectional area of the heat exchange pipe 64 is
changed. The constricted portion 64a is provided by con-
stricting the outer circumferential portion (collapsing the
outer circumferential portion) of the heat exchange pipe
64 to form the portion where the pipe diameter is changed
or the pipe cross sectional area is changed by reduction
of the inner diameter.
[0036] In the first embodiment, each of all the heat ex-
change pipes 64 includes a plurality of constricted por-
tions 64a. However, the present invention is not limited
in this respect. The constricted portion 64a can be pro-
vided only in a predetermined heat exchange pipe 64 or
predetermined heat exchange pipes 64, or a predeter-
mined number of heat exchange pipes 64 provided at
positions where the desired heat exchange efficiency can
be obtained.
[0037] The constricted portions 64a are provided in the
same phase (at the same height) in the pipe length di-
rection of the heat exchange pipes 64. Alternatively, the
constricted portions 64a may be provided in different
phases (at different heights) in the pipe length direction,
and may be provided spirally in the circumferential direc-
tion of the heat exchange pipes 64 by twisting the heat
exchange pipes 64 themselves.

[0038] The constricted portions 64a are provided at
predetermined positions in an entrance segment where
the flow of the oxygen-containing gas (fluid) is in the mid-
dle of developing in the heat exchange pipes 64. As
shown in FIG. 5, the constricted portions 64a are spaced
from the end of the oxygen-containing gas inlet of the
heat exchange pipe 64 by the distance L toward the
downstream side in the direction indicated by an arrow
A2. The distance L is determined to meet a condition: L
≤ 0.065Re x d where "Re" denotes the Reynolds number
and "d" denotes the diameter of the heat exchange pipes
64.
[0039] A first outer ring 68a is provided outside the first
inner ring 66a, and a first outer ring 68b is provided out-
side the first inner ring 66b. The first inner rings 66a, 66b
and the first outer rings 68a, 68b are fixed to the outer
circumferential surface of the first partition plate 60a and
the inner circumference surface of the second partition
plate 60b.
[0040] The annular oxygen-containing gas supply
chamber 70a is formed between the first inner ring 66a
and the first outer ring 68a, and the oxygen-containing
gas is supplied to the oxygen-containing gas supply
chamber 70a. The annular oxygen-containing gas dis-
charge chamber 70b is formed between the first inner
ring 66b and the first outer ring 68b, and the heated ox-
ygen-containing gas is discharged to the oxygen-con-
taining gas discharge chamber 70b (see FIGS. 2 to 4).
Both ends of each of the heat exchange pipes 64 are
opened to the oxygen-containing gas supply chamber
70a and the oxygen-containing gas discharge chamber
70b.
[0041] As shown in FIGS. 2 and 3, an oxygen-contain-
ing gas supply pipe 72 is provided in the oxygen-contain-
ing gas supply chamber 70a. One end of an oxygen-
containing gas channel 74 is provided in the oxygen-con-
taining gas discharge chamber 70b, and the other end
of the oxygen-containing gas channel 74 is connected to
the oxygen-containing gas supply passage 42a of the
fuel cell stack 24 (see FIG. 1).
[0042] The reformer 46 is a preliminary reformer for
reforming higher hydrocarbon (C2+) such as ethane
(C2H6), propane (C3H8), and butane (C4H10) in the city
gas (raw fuel) to produce the fuel gas chiefly containing
methane (CH4), hydrogen, and CO by steam reforming.
The operating temperature of the reformer 46 is several
hundred °C.
[0043] As shown in FIGS. 2 and 3, the reformer 46
includes a plurality of reforming pipes (heat transmission
pipes) 76 provided around the heat exchanger 50. The
reforming pipes 76 are fixed to a second inner ring 78a
at one end, and fixed to a second inner ring 78b at the
other end.
[0044] As shown in FIGS. 2, 3, and 5, at least one of
the reforming pipes 76 includes at least one constricted
portion 76a where the pipe diameter is changed or the
pipe cross sectional area is changed. The constricted
portion 76a is provided by constricting the outer circum-
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ferential portion (collapsing the outer circumferential por-
tion) of the reforming pipe 76 to form the portion where
the pipe diameter is changed or the pipe cross sectional
area is changed by reduction of the inner diameter.
[0045] In the first embodiment, each of all the reforming
pipes 76 includes a plurality of constricted portions 76a.
However, the present invention is not limited in this re-
spect. The constricted portion 76a can be provided only
in a predetermined reforming pipe 76 or predetermined
reforming pipes 76, or a predetermined number of re-
forming pipes 76 provided at positions where the desired
heat exchange efficiency can be obtained.
[0046] The constricted portions 76a are provided in the
same phase (at the same height) in the pipe length di-
rection of the reforming pipes 76. Alternatively, the con-
stricted portions 76a may be provided in different phases
(at different heights) in the pipe length direction, and may
be provided spirally in the circumferential direction of the
reforming pipes 76 by twisting the reforming pipes 76
themselves. The constricted portions 76a are provided
at predetermined positions in an entrance segment
where the flow of the mixed gas (fluid) is in the middle of
developing in the reforming pipes 76. As shown in FIG.
5, the constricted portion 76a is spaced from the end of
the mixed gas inlet of the reforming pipe 76 by the dis-
tance L0 toward the downstream side in the direction
indicated by an arrow A2. The distance L0 is determined
to meet a condition: L0 ≤ 0.065Re x d0 where "Re" de-
notes the Reynolds number and "d0" denotes the diam-
eter of the reforming pipes 76.
[0047] A second outer ring 80a is provided outside the
second inner ring 78a, and a second outer ring 80b is
provided outside the second inner ring 78b. The second
inner rings 78a, 78b and the second outer rings 80a, 80b
are fixed to the outer circumferential surface of the sec-
ond partition plate 60b and the inner circumferential sur-
face of the third partition plate 60c.
[0048] An annular mixed gas supply chamber 82a is
formed between the second inner ring 78a and the sec-
ond outer ring 80a, and a mixed gas of raw fuel and water
vapor is supplied to the mixed gas supply chamber 82a.
An annular reformed gas discharge chamber 82b is
formed between the second inner ring 78b and the sec-
ond outer ring 80b, and the produced fuel gas (reformed
gas) is discharged to the reformed gas discharge cham-
ber 82b. Both ends of each of the reforming pipes 76 are
opened to the mixed gas supply chamber 82a and the
reformed gas discharge chamber 82b. Reforming cata-
lyst 84 is supported on the inner circumferential surface
of each of the reforming pipes 76.
[0049] As shown in FIGS. 2 and 3, a raw fuel supply
channel 88 is connected to the mixed gas supply cham-
ber 82a, and an evaporation return pipe 102 described
later is connected to some part of the raw fuel supply
channel 88. One end of a fuel gas channel 90 is connect-
ed to the reformed gas discharge chamber 82b, and the
other end of the fuel gas channel 90 is connected to the
fuel gas supply passage 44a of the fuel cell stack 24 (see

FIG. 1).
[0050] The evaporator 48 includes a plurality of evap-
oration pipes (heat transmission pipes) 92 provided
around the reformer 46. The evaporation pipes 92 are
fixed to a third inner ring 94a at one end, and fixed to a
third inner ring 94b at the other end.
[0051] A third outer ring 96a is provided outside the
third inner ring 94a, and a third outer ring 96b is provided
outside the third inner ring 94b. The third inner rings 94a,
94b and the third outer rings 96a, 96b are fixed to the
outer circumferential surface of the third partition plate
60c and the inner circumferential surface of the fourth
partition plate 60d.
[0052] An annular water supply chamber 98a is formed
between the third inner ring 94a and the third outer ring
96a, and water is supplied to the water supply chamber
98a. An annular water vapor discharge chamber 98b is
formed between the third inner ring 94b and the third
outer ring 96b, and water vapor is discharged to the water
vapor discharge chamber 98b. Both ends of each of the
evaporation pipes 92 are opened to the water supply
chamber 98a and the water vapor discharge chamber
98b.
[0053] A water channel 100 is connected to the water
supply chamber 98a. One end of the evaporation return
pipe 102 having at least one evaporation pipe 92 is pro-
vided in the water vapor discharge chamber 98b, and the
other end of the evaporation return pipe 102 is connected
to some part of the raw fuel supply channel 88 (see FIG.
1). The raw fuel supply channel 88 has an ejector func-
tion, and generates negative pressure by the flow of the
raw fuel for sucking the water vapor.
[0054] A stress absorbing section 103 for absorbing
the heat stress is provided in at least one of the first area
R1, the second area R2, the third area R3, and the fourth
area R4 (in particular, in an area which tends to be ex-
posed to high heat).
[0055] The stress absorbing section 103 is provided in
at least in one of the oxygen-containing gas discharge
chamber 70b, the reformed gas discharge chamber 82b,
and the water vapor discharge chamber 98b. In the first
embodiment, the stress absorbing section 103 is provid-
ed in the inner rings 66b, 78b, 94b, and the outer rings
68b, 80b, 96b of all of the oxygen-containing gas dis-
charge chamber 70b, the reformed gas discharge cham-
ber 82b, and the water vapor discharge chamber 98b
(see FIG. 4).
[0056] Further, the stress absorbing section 103 is pro-
vided in at least one of the oxygen-containing gas supply
chamber 70a, the mixed gas supply chamber 82a, and
the water supply chamber 98a. In the first embodiment,
the stress absorbing section 103 is provided in the inner
rings 66a, 78a, 94a, and the outer rings 68a, 80a, 96a of
all of the oxygen-containing gas supply chamber 70a,
the mixed gas supply chamber 82a, and the water supply
chamber 98a (see FIG. 2). For example, the inner rings
66a, 66b, 78a, 78b, 94a, 94b and the outer rings 68a,
68b, 80a, 80b, 96a, 96b are made of stainless steels.

9 10 



EP 2 859 611 B1

7

5

10

15

20

25

30

35

40

45

50

55

[0057] In particular, as shown in FIG. 4, in the oxygen-
containing gas discharge chamber 70b exposed to the
exhaust gas at high temperature, an inner curved section
103ai and an outer curved section 103ao each having a
semicircular shape in cross section are provided. In the
oxygen-containing gas discharge chamber 70b, in the
same manner, an inner curved section 103bi and an outer
curved section 103bo each having a semicircular shape
in cross section are provided.
[0058] Each of the inner curved sections 103ai, 103bi
and the outer curved sections 103ao, 103bo functions
as a spring having low rigidity for absorbing displacement
to form the stress absorbing section 103. It should be
noted that only the inner curved sections 103ai, 103bi or
only the outer curved sections 103ao, 103bo may be pro-
vided. Further, the other inner rings 66a, 78a, 78b, 94a,
94b, and the outer rings 68a, 80a, 80b, 96a, 96b have
the same structure as the inner ring 66b and the outer
ring 68b, and the detailed description thereof is omitted.
[0059] As shown in FIG. 1, the raw fuel supply appa-
ratus 14 includes a raw fuel channel 104. The raw fuel
channel 104 is branched into the raw fuel supply channel
88 and the raw fuel supply pipe 58 through a raw fuel
regulator valve 106. A desulfurizer 108 for removing sul-
fur compounds in the city gas (raw fuel) is provided in
the raw fuel supply channel 88.
[0060] The oxygen-containing gas supply apparatus
16 includes an oxygen-containing gas channel 110. The
oxygen-containing gas channel 110 is branched into the
oxygen-containing gas supply pipe 72 and the air supply
pipe 57 through an oxygen-containing gas regulator
valve 112. The water supply apparatus 18 is connected
to the evaporator 48 through the water channel 100.
[0061] As schematically shown in FIG. 6, a first com-
bustion gas channel 116a as a passage of the combus-
tion gas in the direction indicated by an arrow A is formed
in the first area R1, a second combustion gas channel
116b as a passage of the combustion gas in a direction
indicated by an arrow A1 is formed in the second area
R2, a third combustion gas channel 116c as a passage
of the combustion gas in the direction indicated by the
arrow A2 is formed in the third area R3, and a fourth
combustion gas channel 116d as a passage of the com-
bustion gas in the direction indicated by the arrow A1 is
formed in the fourth area R4.
[0062] Next, operation of the fuel cell system 10 will be
described below.
[0063] At the time of starting operation of the fuel cell
system 10, the air (oxygen-containing gas) and the raw
fuel are supplied to the start-up combustor 54. In the ox-
ygen-containing gas supply apparatus 16, specifically,
by operation of the air pump, air is supplied to the oxygen-
containing gas channel 110. By adjusting the opening
angle of the oxygen-containing gas regulator valve 112,
the air is supplied to the air supply pipe 57.
[0064] In the meanwhile, in the raw fuel supply appa-
ratus 14, by operation of the fuel gas pump, for example,
raw fuel such as the city gas (containing CH4, C2H6,

C3H8, C4H10) is supplied to the raw fuel channel 104. By
regulating the opening angle of the raw fuel regulator
valve 106, the raw fuel is supplied into the raw fuel supply
pipe 58. The raw fuel is mixed with the air, and supplied
into the start-up combustor 54 (see FIG. 2).
[0065] Thus, the mixed gas of the raw fuel and the air
is supplied into the start-up combustor 54, and the mixed
gas is ignited to start combustion. Therefore, in the ex-
haust gas combustor 52 directly connected to the start-
up combustor 54, the combustion gas from the start-up
combustor 54 flows into the first partition plate 60a.
[0066] As shown in FIG. 6, a plurality of first combustion
gas holes 62a are formed at the end of the first partition
plate 60a closer to the fuel cell stack 24. Thus, the com-
bustion gas supplied into the first partition plate 60a pass-
es through the first combustion gas holes 62a, and the
combustion gas flows from the first area R1 to the second
area R2.
[0067] In the second area R2, the combustion gas
flows in the direction indicated by the arrow A1, and then,
the combustion gas flows through the second combus-
tion gas holes 62b formed in the second partition plate
60b into the third area R3. In the third area R3, the com-
bustion gas flows in the direction indicated by the arrow
A2, and then, the combustion gas flows through the third
combustion gas holes 62c formed in the third partition
plate 60c into the fourth area R4. In the fourth area R4,
the combustion gas flows in the direction indicated by
the arrow A1, and then, the combustion gas is discharged
to the outside from the fourth combustion gas holes 62d
formed in the fourth partition plate 60d.
[0068] The heat exchanger 50 is provided in the sec-
ond area R2, the reformer 46 is provided in the third area
R3, and the evaporator 48 is provided in the fourth area
R4. Thus, the combustion gas discharged from the first
area R1 heats the heat exchanger 50, then, heats the
reformer 46, and then, heats the evaporator 48.
[0069] Then, after the temperature of the fuel cell mod-
ule 12 is raised to a predetermined temperature, the ox-
ygen-containing gas is supplied to the heat exchanger
50, and the mixed gas of the raw fuel and the water vapor
is supplied to the reformer 46.
[0070] Specifically, the opening angle of the oxygen-
containing gas regulator valve 112 is adjusted such that
the flow rate of the air supplied to the oxygen-containing
gas supply pipe 72 is increased, and the opening angle
of the raw fuel regulator valve 106 is adjusted such that
the flow rate of the raw fuel supplied to the raw fuel supply
channel 88 is increased. Further, by operation of the wa-
ter supply apparatus 18, the water is supplied to the water
channel 100.
[0071] Thus, as shown in FIGS. 2 and 3, the air which
flowed into the heat exchanger 50 is temporarily supplied
to the oxygen-containing gas supply chamber 70a. While
the air is moving inside the heat exchange pipes 64, the
air is heated by heat exchange with the combustion gas
supplied into the second area R2. After the heated air is
temporarily supplied to the oxygen-containing gas dis-
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charge chamber 70b, the air is supplied to the oxygen-
containing gas supply passage 42a of the fuel cell stack
24 through the oxygen-containing gas channel 74 (see
FIG. 1).
[0072] In the fuel cell stack 24, after the heated air flows
through the oxygen-containing gas flow field 38, the ox-
ygen-containing gas (air) is discharged from the oxygen-
containing gas discharge passage 42b into the oxygen-
containing exhaust gas channel 63a. The oxygen-con-
taining exhaust gas channel 63a is opened to the inside
of the first partition plate 60a of the exhaust gas combus-
tor 52, and the oxygen-containing exhaust gas flows into
the first partition plate 60a.
[0073] Further, as shown in FIG. 1, the water from the
water supply apparatus 18 is supplied to the evaporator
48. After sulfur is removed from the raw fuel at the des-
ulfurizer 108, the raw fuel flows through the raw fuel sup-
ply channel 88, and moves toward the reformer 46.
[0074] In the evaporator 48, after the water is tempo-
rarily supplied to the water supply chamber 98a, while
water is moving inside the evaporation pipes 92, the wa-
ter is heated by the combustion gas flowing through the
fourth area R4, and vaporized. After the water vapor flows
into the water vapor discharge chamber 98b, the water
vapor is supplied to the evaporation return pipe 102 con-
nected to the water vapor discharge chamber 98b. Thus,
the water vapor flows inside the evaporation return pipe
102, and flows into the raw fuel supply channel 88. Then,
the water vapor is mixed with the raw fuel to produce the
mixed gas.
[0075] The mixed gas from the raw fuel supply channel
88 is temporarily supplied to the mixed gas supply cham-
ber 82a of the reformer 46. The mixed gas moves inside
the reforming pipes 76. In the meanwhile, the mixed gas
is heated by the combustion gas flowing through the third
area R3. By the reforming catalyst 84, steam reforming
is performed. After removal (reforming) of hydrocarbon
of C2+, a reformed gas chiefly containing methane is ob-
tained.
[0076] After this reformed gas is heated, the reformed
gas is temporarily supplied to the reformed gas discharge
chamber 82b as the heated fuel gas. Thereafter, the fuel
gas is supplied to the fuel gas supply passage 44a of the
fuel cell stack 24 through the fuel gas channel 90 (see
FIG. 1).
[0077] In the fuel cell stack 24, after the heated fuel
gas flows through the fuel gas flow field 40, the fuel gas
is discharged from the fuel gas discharge passage 44b
into the fuel exhaust gas channel 63b. The fuel exhaust
gas channel 63b is opened to the inside of the first par-
tition plate 60a of the exhaust gas combustor 52, and the
fuel exhaust gas is supplied into the first partition plate
60a.
[0078] Under the heating operation by the start-up
combustor 54, when the temperature of the fuel gas in
the exhaust gas combustor 52 exceeds the self-ignition
temperature, combustion of the oxygen-containing ex-
haust gas and the fuel exhaust gas is started inside the

first partition plate 60a.
[0079] In the first embodiment, the FC peripheral
equipment 56 includes the first area R1 where the ex-
haust gas combustor 52 and the start-up combustor 54
are provided, the annular second area R2 around the
first area R1 where the heat exchanger 50 is provided,
the annular third area R3 around the second area R2
where the reformer 46 is provided, and the annular fourth
area R4 around the third area R3 where the evaporator
48 is provided.
[0080] That is, the first area R1 is provided at the cent-
er, the annular second area R2 is provided around the
first area R1, and the annular third area R3 is provided
around the second area R2, and the annular fourth area
R4 is provided around the third area R3, successively.
In the structure, high temperature equipment with a large
heat demand such as the heat exchanger 50 (and the
reformer 46) can be provided inside, and low temperature
equipment with a small heat demand such as the evap-
orator 48 can be provided outside.
[0081] For example, the heat exchanger 50 requires
the temperature in a range of 550°C to 650°C, and the
reformer 46 requires the temperature in a range of 550°C
to 600°C. The evaporator 48 requires the temperature in
a range of 150°C to 200°C.
[0082] Thus, improvement in the heat efficiency is
achieved, and thermally self-sustaining operation is fa-
cilitated. Further, simple and compact structure is
achieved. In particular, since the heat exchanger 50 is
provided inside the reformer 46, in an environment where
the A/F (air/fuel gas) ratio is relatively low, the reformer
46 suitable for reforming at low temperature can be used
advantageously. Thermally self-sustaining operation
herein means operation where the operating tempera-
ture of the fuel cell 22 is maintained using only heat en-
ergy generated in the fuel cell 22, without supplying ad-
ditional heat from the outside.
[0083] The heat exchanger 50 includes the annular ox-
ygen-containing gas supply chamber 70a, the annular
oxygen-containing gas discharge chamber 70b, the heat
exchange pipes 64, and the second combustion gas
channel 116b. The oxygen-containing gas is supplied to
the oxygen-containing gas supply chamber 70a, and the
heated oxygen-containing gas is discharged to the oxy-
gen-containing gas discharge chamber 70b. The heat
exchange pipes 64 are connected to the oxygen-contain-
ing gas supply chamber 70a at one end, and connected
to the oxygen-containing gas discharge chamber 70b at
the other end. The second combustion gas channel 116b
supplies the combustion gas into the space between the
heat exchange pipes 64.
[0084] Thus, the structure of the heat exchanger 50 is
simplified easily, and the production cost is reduced ef-
fectively. Further, by changing the volumes of the oxy-
gen-containing gas supply chamber 70a and the oxygen-
containing gas discharge chamber 70b, the length, the
diameter, and the number of the pipes, the desired op-
eration can be achieved in various operating conditions,
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and a wider variety of designs become available.
[0085] Further, in the first embodiment, in the heat ex-
changer 50, at least one of the heat exchange pipes 64
includes at least one constricted portion 64a where the
pipe diameter is changed or the pipe cross sectional area
is changed.
[0086] As shown in FIG. 7, in a circular heat exchange
pipe 64comp. without any constricted portions 64a, an en-
trance segment is present before a certain flow rate dis-
tribution in flow of the oxygen-containing gas from a pipe
inlet 64in is obtained (before the flow of the oxygen-con-
taining gas becomes a developed flow). As shown in FIG.
8, in the entrance segment, the heat transmission rate is
significantly low. After the entrance segment, a laminar
flow area having the certain flow rate distribution is
present. In the laminar flow area, the heat transmission
rate is low.
[0087] In the first embodiment, in the heat exchange
pipe 64, the constricted portion 64a is positioned before
the laminar flow area. In particular, the constricted portion
64a is provided within the entrance segment in the heat
exchange pipe 64. Thus, as shown in FIG. 9, in some
part of the entrance segment from the pipe inlet 64in, after
transition area appears in the pipe through the constrict-
ed portion 64a, transition to a turbulent flow area occurs.
Therefore, as shown in FIG. 10, the heat transmission
rate increases sharply from the transition area, and the
high heat transmission rate can be maintained.
[0088] Thus, in the first embodiment, transition of the
flow of the oxygen-containing gas in the heat exchange
pipe 64 occurs from the laminar flow (entrance segment)
to the turbulent flow. Accordingly, the quantity of the heat
passed from the combustion gas to the oxygen-contain-
ing gas is increased, and improvement in the heat ex-
change efficiency is achieved suitably. Also, the desired
heat exchange efficiency can be achieved under control.
[0089] Moreover, the constricted portions 64a can be
provided in any of the heat exchange pipes 64, and the
number of the constricted portions 64a can be deter-
mined from variety of choices. Therefore, the heat ex-
change efficiency of the entire heat exchanger 50 can be
adjusted to the desired heat exchange efficiency.
[0090] Further, for example, the constricted portions
64a can be provided spirally in the circumferential direc-
tion of the heat exchange pipes 64 by twisting the heat
exchange pipes 64. In the structure, positions where tran-
sition from the laminar flow to the turbulent flow occurs
in the oxygen-containing gas flowing through the heat
exchange pipe is distributed, and non-uniform flow of the
combustion gas is suppressed. Accordingly, the quantity
of the heat passed from the combustion gas to the oxy-
gen-containing gas is increased, the number of positions
where the heat can be passed from the combustion gas
to the oxygen-containing gas is increased, and improve-
ment in the heat exchange efficiency is achieved effec-
tively.
[0091] In the reformer 46, at least one of the reforming
pipes 76 includes at least one constricted portion 76a

where the pipe diameter is changed or the pipe cross
sectional area is changed. The constricted portion 76a
is provided in the entrance segment of the reforming pipe
76. In the structure, transition from the laminar flow (en-
trance segment) to the turbulent flow occurs rapidly in
the flow of the mixed gas in the reforming pipe 76. Ac-
cordingly, the quantity of the heat passed from the com-
bustion gas to the mixed gas is increased, and improve-
ment in the heat exchange efficiency is achieved suitably.
Further, for example, by selecting the positions and the
number of constricted portions 76a, the desired heat ex-
change efficiency can be achieved under control.
[0092] Further, for example, the constricted portions
76a can be provided spirally in the circumferential direc-
tion of the reforming pipes 76 by twisting the reforming
pipes 76. In the structure, positions where transition from
the laminar flow to the turbulent flow occurs in the mixed
gas flowing through the reforming pipe 76 is distributed,
and non-uniform flow of the combustion gas is sup-
pressed. Accordingly, the quantity of the heat passed
from the combustion gas to the mixed gas is increased,
the number of positions where the heat can be passed
from the combustion gas to the oxygen-containing gas
is increased, and improvement in the heat exchange ef-
ficiency is achieved effectively.
[0093] Further, in the first embodiment, as shown in
FIGS. 2, 3, and 6, the reformer 46 includes the annular
mixed gas supply chamber 82a, the annular reformed
gas discharge chamber 82b, the reforming pipes 76, and
the third combustion gas channel 116c. The mixed gas
is supplied to the mixed gas supply chamber 82a, and
the produced fuel gas is discharged to the reformed gas
discharge chamber 82b. The reforming pipes 76 are con-
nected to the mixed gas supply chamber 82a at one end,
and connected to the reformed gas discharge chamber
82b at the other end. The third combustion gas channel
116c supplies the combustion gas into the space be-
tween the reforming pipes 76.
[0094] Thus, the structure of the reformer 46 is simpli-
fied easily, and the production cost is reduced effectively.
Further, by changing the volumes of the mixed gas supply
chamber 82a and the reformed gas discharge chamber
82b, the length, the diameter, and the number of the
pipes, the desired operation can be achieved in various
operating conditions, and a wider variety of designs be-
come available.
[0095] The combustion gas flows through the first com-
bustion gas channel 116a of the first area R1, the second
combustion gas channel 116b of the second area R2,
the third combustion gas channel 116c of the third area
R3, and the fourth combustion gas channel 116d of the
fourth area R4. Thereafter, the combustion gas is dis-
charged to the outside of the fuel cell module 12.
[0096] In the structure, blow-through of the combustion
gas can be suppressed, and it becomes possible to ef-
fectively supply the heat to the exhaust gas combustor
52, the heat exchanger 50, the reformer 46, and the evap-
orator 48 of the FC peripheral equipment 56 effectively.
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Accordingly, improvement in the heat efficiency is
achieved, and thermally self-sustaining operation is fa-
cilitated reliably. Thermally self-sustaining operation
herein means operation where the operating tempera-
ture of the fuel cell 22 is maintained using only heat en-
ergy generated in the fuel cell 22, without supplying ad-
ditional heat from the outside.
[0097] Further, the positions of the first combustion gas
hole 62a, the second combustion gas hole 62b, and the
third combustion gas hole 62c can be determined de-
pending on the priorities such as the heat efficiency, du-
rability, and size reduction in the second area R2, the
third area R3, and the fourth area R4. Accordingly, the
target heat exchange efficiency can be determined freely,
and a wider variety of designs become available.
[0098] Moreover, the fuel cell module 12 is a solid oxide
fuel cell module. Therefore, the fuel cell module 12 is
particularly suitable for high temperature type fuel cells
such as SOFC.
[0099] FIG. 11 is a perspective view with partial omis-
sion showing FC peripheral equipment 56 of a fuel cell
module 120 according to a second embodiment of the
present invention. The constituent elements of the fuel
cell module 120 according to the second embodiment of
the present invention that are identical to those of the
fuel cell module 12 according to the first embodiment are
labeled with the same reference numerals, and descrip-
tions thereof will be omitted. Also in a third or other suc-
ceeding embodiments described later, the constituent el-
ements that are identical to those of the fuel cell module
12 according to the first embodiment are labeled with the
same reference numerals, and descriptions thereof will
be omitted.
[0100] In the fuel cell module 120, heat exchange pipes
64 of the heat exchanger 50 include constricted portions
64a, respectively, and the constricted portions 64a of the
adjacent heat exchange pipes 64 are in different phases
(at different heights). The constricted portions 64a may
be twisted.
[0101] Reforming pipes 76 of the reformer 46 include
constricted portions 76a, respectively, and the constrict-
ed portions 76a of the adjacent reforming pipes 76 are
in different phases (at different heights). The constricted
portions 76a may be twisted.
[0102] At least one, in the second embodiment, three
baffle plates 122a, 122b, 122c forming a combustion gas
detour channel are provided in the second area R2 (sec-
ond combustion gas channel 116b) where the heat ex-
changer 50 is provided, between first inner rings 66a,
66b in a direction perpendicular to the pipe length direc-
tion of the heat exchange pipes 64. The baffle plates
122a to 122c have a substantially ring shape, and fixed
to the outer circumferential surface of the first partition
plate 60a and the inner circumferential surface of the
second partition plate 60b, and have the same structure
as the first inner ring 66a.
[0103] As shown in FIGS. 12 and 13, the baffle plates
122a to 122c have combustion gas flow holes 124 cor-

responding to the respective heat exchange pipes 64.
Outer circumferential portions of the heat exchange pipes
64 are fitted to combustion gas flow holes 124 to position
the heat exchange pipes 64, and openings are formed
in the combustion gas flow holes 124 to flow the com-
bustion gas, around the constricted portions 64a.
[0104] Specifically, as shown in FIG. 13, in a certain
heat exchange pipe 64(n), a constricted portion 64a is
positioned in the central combustion gas flow hole 124
of the baffle plate 122b, and outer circumferential por-
tions of the heat exchange pipe 64(n) are fitted to the
upper and lower combustion gas flow holes 124 of the
baffle plates 122a, 122c. In another certain heat ex-
change pipe 64(m), an outer circumferential portion is
fitted to the central combustion gas flow hole 124 of the
baffle plate 122b, and the constricted portions 64a are
positioned in the upper and lower combustion gas flow
holes 124 of the baffle plates 122a, 122c. In the structure,
the combustion gas flows along the second combustion
gas channel 116b in a serpentine pattern.
[0105] As shown in FIGS. 11 and 12, at least one, in
the second embodiment, three baffle plates 126a, 126b,
126c forming a combustion gas detour channel are pro-
vided in the third area R3 (third combustion gas channel
116c) where the reformer 46 is provided, between sec-
ond inner rings 78a, 78b in a direction perpendicular to
the pipe length direction of the reforming pipes 76. Each
of the baffle plates 126a to 126c has a substantially ring
shape, and the baffle plates 126a to 126c are fixed to the
outer circumferential surface of the second partition plate
60b and the inner circumferential surface of the third par-
tition plate 60c. The baffle plates 126a to 126c have the
similar structure to the second inner ring 78a.
[0106] As shown in FIG. 12, the baffle pates 126a to
126c have combustion gas flow holes 128 corresponding
to the reforming pipes 76. The outer circumferential por-
tions of the reforming pipes 76 are fitted to the combustion
gas flow holes 128 to position the reforming pipes 76,
and openings are formed in the combustion gas flow
holes 128 to flow the combustion gas, around the con-
stricted portions 76a. Specifically, the reforming pipe 76
have the similar structure to the heat exchange pipe 64.
[0107] Only the baffle plates 122a to 122c or only the
baffle plates 126a to 126c may be provided.
[0108] In the second embodiment, the baffle plate
122a, 122b, 122c are provided in the second area R2
where the heat exchanger 50 is provided. The combus-
tion gas flow holes 124 corresponding to the heat ex-
change pipes 64 are formed in the baffle plates 122a to
122c.
[0109] In the structure, blow-through of the combustion
gas is suppressed suitably, and the channel of the com-
bustion gas is sufficiently long. Specifically, as shown in
FIG. 13, the outer circumferential portions and the con-
stricted portions 64a of the heat exchange pipes 64 are
provided alternately in the combustion gas flow holes 124
of the baffle plates 122a to 122c.
[0110] Therefore, in the second combustion gas chan-
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nel 116b, the combustion gas does not pass through the
baffle plates 122a to 122c straight, and the combustion
gas flows in a serpentine pattern. Accordingly, the quan-
tity of the heat passed from the combustion gas to the
oxygen-containing gas is increased, and further improve-
ment in the heat exchange efficiency between the com-
bustion gas and the oxygen-containing gas is achieved.
[0111] Further, the constricted portion 64a and the
combustion gas flow hole 124 are provided at the same
position. In the structure, the portion where a turbulent
flow is generated in the oxygen-containing gas in the heat
exchange pipe 64 and the portion where a turbulent flow
is generated in the combustion gas flowing through the
combustion gas flow hole 124 are positioned as closely
as possible to each other. Accordingly, the quantity of
the heat passed from the combustion gas to the oxygen-
containing gas is increased to a greater extent, and im-
provement in the heat exchange efficiency is achieved
effectively.
[0112] Further, the baffle plates 126a, 126b, 126c are
provided in the third area R3 where the reformer 46 is
provided, and the baffle plates 126a to 126c have the
combustion gas flow holes 128 corresponding to the re-
forming pipes 76.
[0113] In the structure, blow-through of the combustion
gas is suppressed suitably, and the channel of the com-
bustion gas is sufficiently long. Therefore, in the third
combustion gas channel 116c, the combustion gas does
not pass through the baffle plates 126a to 126c straight,
and the combustion gas flows in a serpentine pattern.
Accordingly, the quantity of the heat passed from the
combustion gas to the oxygen-containing gas is in-
creased, and further improvement in the heat exchange
efficiency between the combustion gas and the mixed
gas is achieved.
[0114] As shown in FIG. 14, a fuel cell system 130 in-
cludes a fuel cell module 132 according to a third em-
bodiment of the present invention. The constituent ele-
ments of the fuel cell module 132 according to the third
embodiment of the present invention that are identical to
those of the fuel cell module 120 according to the second
embodiment are labeled with the same reference numer-
als, and descriptions thereof will be omitted.
[0115] As shown in FIG. 15, FC peripheral equipment
56 of the fuel cell module 132 includes a first area R1
comprising, e.g., a circular opening where an exhaust
gas combustor 52 and a start-up combustor 54 are pro-
vided, an annular second area R2 around the first area
R1 where a reformer 46 is provided, an annular third area
R3 around the second area R2 where the heat exchanger
50 is provided, and an annular fourth area R4 around the
third area R3 where an evaporator 48 is provided.
[0116] The FC peripheral equipment 56 includes a first
partition plate 134a provided between the first area R1
and the second area R2, a second partition plate 134b
provided between the second area R2 and the third area
R3, a third partition plate 134c provided between the third
area R3 and the fourth area R4, and a fourth partition

plate 134d around the fourth area R4.
[0117] As shown in FIGS. 15 and 16, first combustion
gas holes 62a are provided adjacent to the end of the
first partition plate 134a opposite to the fuel cell stack 24,
second combustion gas holes 62b are provided adjacent
to the end of the second partition plate 134b closer to the
fuel cell stack 24, third combustion gas holes 62c are
provided adjacent to the end of the third partition plate
134c opposite to the fuel cell stack 24, and fourth com-
bustion gas holes 62d are provided adjacent to the end
of the fourth partition plate 134d closer to the fuel cell
stack 24.
[0118] As shown in FIG. 16, a plurality of gas extraction
holes 136a are formed in the first partition plate 134a on
the side opposite to the first combustion gas holes 62a.
Each of the gas extraction holes 136a has an opening
which is smaller than that of the first combustion gas
holes 62a. The gas extraction holes 136a are formed at
positions facing the second combustion gas holes 62b
formed in the second partition plate 134b. A plurality of
gas extraction holes 136b are formed in the second par-
tition plate 134b at positions facing the third combustion
gas holes 62c formed in the third partition plate 134c. A
plurality of gas extraction holes 136c are formed in the
third partition plate 134c at positions facing the fourth
combustion gas holes 62d formed in the fourth partition
plate 134d. The gas extraction holes 136b, 136c are not
essential, and should be provided as necessary.
[0119] As shown in FIG. 15, a plurality of heat ex-
change pipes 64 are provided in the third area R3 (third
combustion gas channel 116c) where the heat exchanger
50 is provided, and at least one of the heat exchange
pipes 64 includes at least one constricted portion 64a. In
the third area R3, the baffle plates 122a, 122b, 122c are
provided adjacent to the inner circumferential surface of
the third partition plate 134c.
[0120] A plurality of reforming pipes 76 are provided in
the second area R2 where the reformer 46 is provided,
and at least one of the reforming pipes 76 includes at
least one constricted portion 76a. In the second area R2,
the baffle plates 126a, 126b, 126c are provided adjacent
to the inner circumferential surface of the second partition
plate 134b.
[0121] In the third embodiment, the fuel cell module
132 includes the first area R1 where the exhaust gas
combustor 52 and the start-up combustor 54 are provid-
ed, the annular second area R2 around the first area R1
where the reformer 46 is provided, the annular third area
R3 around the second area R2 where the heat exchanger
50 is provided, and the annular fourth area R4 around
the third area R3 where the evaporator 48 is provided.
[0122] In the structure, high temperature equipment
with a large heat demand such as the reformer 46 (and
the heat exchanger 50) can be provided inside, and low
temperature equipment with a small heat demand such
as the evaporator 48 can be provided outside. Thus, im-
provement in the heat efficiency is achieved, and ther-
mally self-sustaining operation is facilitated. Further, sim-
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ple and compact structure is achieved.
[0123] Further, in the heat exchanger 50, transition
from the laminar flow to the turbulent flow occurs in the
oxygen-containing gas flowing through the heat ex-
change pipe 64. Accordingly, the quantity of the heat
passed from the combustion gas is increased, and im-
provement in the heat exchange efficiency is achieved
suitably. The desired heat exchange efficiency can be
achieved under control.
[0124] In the reformer 46, transition from the laminar
flow to the turbulent flow occurs in the mixed gas flowing
through the reforming pipe 76. Accordingly, the quantity
of the heat passed from the combustion gas is increased,
and improvement in the heat exchange efficiency is
achieved suitably.
[0125] As shown in FIG. 17, in a fuel cell module 140
according to a fourth embodiment of the present inven-
tion, The FC peripheral equipment 56 does not include
the second partition plate 60b, the third partition plate
60c, and the fourth partition plate 60d. A plurality of com-
bustion gas holes 62 are formed in a partition plate 60
forming the first area R1, in an axial direction and a cir-
cumferential direction in a distributed manner.
[0126] As with the case of the first embodiment, the
FC peripheral equipment 56 includes a first area R1 com-
prising, e.g., a circular opening where the exhaust gas
combustor 52 and the start-up combustor 54 are provid-
ed, an annular second area R2 formed around the first
area R1 where the heat exchanger 50 is provided, an
annular third area R3 formed around the second area R2
where the reformer 46 is provided, and an annular fourth
area R4 formed around the third area R3 where the evap-
orator 48 is provided.
[0127] In the fourth embodiment, the same advantages
as with the case of the first embodiment are obtained.
[0128] As shown in FIG. 18, in a fuel cell module 150
according to a fifth embodiment of the present invention,
as with the case of the second embodiment, the FC pe-
ripheral equipment 56 includes a first area R1 compris-
ing, e.g., a circular opening where the exhaust gas com-
bustor 52 and the start-up combustor 54 are provided,
an annular second area R2 formed around the first area
R1 where the reformer 46 is provided, an annular third
area R3 formed around the second area R2 where the
heat exchanger 50 is provided, and an annular fourth
area R4 formed around the third area R3 where the evap-
orator 48 is provided.
[0129] In the fifth embodiment, the same advantages
as with the case of the second embodiment are obtained.
[0130] In the first to fifth embodiments, the outer and
annular circumferential portions of the heat exchange
pipes 64 and the reforming pipes 76 are subjected to a
constricting treatment to form constricted portions 64a,
76a each having a circular shape in cross section. How-
ever, the present invention is not limited in this respect.
[0131] For example, a pipe (heat exchange pipe or re-
forming pipe, or both of the heat exchange pipe and re-
forming pipe) 160 shown in FIG. 19 has an annular shape.

By collapsing the outer circumferential portion of the pipe,
a constricted portion 160a having an oval shape in cross
section is provided (see FIG. 20).
[0132] Further, a pipe (heat exchange pipe or reform-
ing pipe, or both of the heat exchange pipe and the re-
forming pipe) 162 shown in FIG. 21 has an annular shape.
By shaping or forming the outer circumferential portion,
a constricted portion 162a having a quadrilateral shape
in cross section is provided (see FIG. 22).
[0133] Using the pipes 160, 162 having the above
structure as the heat exchange pipes 64 or the reforming
pipes 76, similar advantages are obtained.
[0134] Further, the heat exchange pipe 64 and the re-
forming pipe 76 may have protrusions protruding toward
the inside of the heat exchange pipe 64 and the reforming
pipe 76 to provide portions where the pipe diameter is
changed or the pipe cross sectional area is changed. In
this case, the outer shapes of the heat exchange pipe 64
and the reforming pipe 76 have a uniform cylindrical
shape having the constant diameter over the entire
length.
[0135] Although certain embodiments of the present
invention have been shown and described in detail, it
should be understood that various changes and modifi-
cations may be made to the embodiments without de-
parting from the scope of the invention.

Claims

1. A fuel cell module comprising:

a fuel cell stack (24) formed by stacking a plu-
rality of fuel cells (22) for generating electricity
by electrochemical reactions of a fuel gas and
an oxygen-containing gas;
a reformer (46) for reforming a mixed gas of wa-
ter vapor and a raw fuel chiefly containing hy-
drocarbon to produce the fuel gas supplied to
the fuel cell stack (24);
an evaporator (48) for evaporating water, and
supplying the water vapor to the reformer (46);
a heat exchanger (50) for raising a temperature
of the oxygen-containing gas by heat exchange
with a combustion gas, and supplying the oxy-
gen-containing gas to the fuel cell stack (24);
an exhaust gas combustor (52) for combusting
the fuel gas discharged from the fuel cell stack
(24) as a fuel exhaust gas and the oxygen-con-
taining gas discharged from the fuel cell stack
(24) as an oxygen-containing exhaust gas to
produce the combustion gas; and
a start-up combustor (54) for combusting the raw
fuel and the oxygen-containing gas to produce
the combustion gas,
wherein the fuel cell module includes:

a first area (R1) where the exhaust gas com-
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bustor (52) and the start-up combustor (54)
are provided;
an annular second area (R2) around the first
area (R1) where one of the reformer (46)
and the heat exchanger (50) is provided;
an annular third area (R3) around the sec-
ond area (R2) where another of the reformer
(46) and the heat exchanger (50) is provid-
ed; and
an annular fourth area (R4) around the third
area (R3) where the evaporator (48) is pro-
vided;
and wherein the heat exchanger (50) in-
cludes an annular oxygen-containing gas
supply chamber (70a) to which the oxygen-
containing gas is supplied, an annular oxy-
gen-containing gas discharge chamber
(70b) to which the heated oxygen-contain-
ing gas is discharged, a plurality of heat ex-
change pipes (64) connected to the oxygen-
containing gas supply chamber (70a) at one
end, and connected to the oxygen-contain-
ing gas discharge chamber (70b) at another
end, and a combustion gas channel (116b)
for supplying the combustion gas to a space
between the heat exchange pipes (64); and
at least one of the heat exchange pipes (64)
includes at least one portion where a pipe
diameter is changed or a pipe cross sec-
tional area is changed.

2. The fuel cell module according to claim 1, wherein
the reformer (46) includes an annular mixed gas sup-
ply chamber (82a) to which the mixed gas is supplied,
an annular reformed gas discharge chamber (82b)
to which the produced fuel gas is discharged, a plu-
rality of reforming pipes (76) connected to the mixed
gas supply chamber (82a) at one end, and connect-
ed to the reformed gas discharge chamber (82b) at
another end, and a combustion gas channel (116c)
for supplying the combustion gas between the re-
forming pipes (76); and
at least one of the reforming pipes (76) includes at
least one portion where a pipe diameter is changed
or a pipe cross sectional area is changed.

3. The fuel cell module according to claim 1, wherein
the portion where the pipe diameter is changed or
the pipe cross sectional area is changed comprises
at least any of portions provided in different phases
in a pipe length direction, or a portion provided spi-
rally in a pipe circumferential direction.

4. The fuel cell module according to claim 1, wherein
the portion where the pipe diameter is changed or
the pipe cross sectional area is changed is provided
in an entrance segment of fluid in a pipe.

5. The fuel cell module according to claim 1, further
comprising a first partition plate (60a) provided be-
tween the first area (R1) and the second area (R2),
a second partition plate (60b) provided between the
second area (R2) and the third area (R3), and a third
partition plate (60c) provided between the third area
(R3) and the fourth area (R4),
wherein the first partition plate (60a), the second par-
tition plate (60b), and the third partition plate (60c)
have a first combustion gas hole (62a), a second
combustion gas hole (62b), and a third combustion
gas hole (62c) for allowing the combustion gas to
flow through the first area (R1), the second area (R2),
the third area (R3), and the fourth area (R4).

6. The fuel cell module according to claim 5, wherein
a baffle plate (122a) forming a combustion gas de-
tour channel is provided in the combustion gas chan-
nel (116b) in a direction perpendicular to a pipe
length direction.

7. The fuel cell module according to claim 6, wherein
a combustion gas flow hole (124) is formed between
the baffle plate (122a) forming the combustion gas
detour channel and an outer circumferential portion
of any one or more of pipes.

8. The fuel cell module according to claim 7, wherein
at least one portion where the pipe diameter is
changed or the pipe cross sectional area is changed
is provided in at least one or more of pipes, and the
combustion gas flow hole (124) is provided at a po-
sition corresponding to the portion where the pipe
diameter is changed or the pipe cross sectional area
is changed.

9. The fuel cell module according to claim 1, wherein
the fuel cell module (12) is a solid oxide fuel cell
module.

Patentansprüche

1. Brennstoffzellenmodul, welches aufweist:

einen Brennstoffzellenstapel (24), der durch
Stapeln einer Vielzahl von Brennstoffzellen (22)
gebildet ist, um durch elektrochemische Reak-
tionen von Brenngas und sauerstoffhaltigem
Gas Elektrizität zu erzeugen;
einen Reformer (46) zum Reformieren eines
Mischgases von Wasserdampf und hauptsäch-
lich Kohlenwasserstoff enthaltendem Roh-
brennstoff zum Erzeugen des dem Brennstoff-
zellenstapel (24) zugeführten Brenngases;
einen Verdampfer (48) zum Verdampfen von
Wasser und Zuführen des Wasserdampfs zum
Reformer (46);
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einen Wärmetauscher (50) zum Anheben einer
Temperatur des sauerstoffhaltigen Gases durch
Wärmeaustausch mit einem Verbrennungsgas,
und Zuführen des sauerstoffhaltigen Gases zu
dem Brennstoffzellenstapel (24);
einen Abgasverbrenner (52) zum Verbrennen
des vom Brennstoffzellenstapel (24) abgegebe-
nen Brenngases als Brennabgas und des vom
Brennstoffzellenstapel (24) abgegebenen sau-
erstoffhaltigen Gases als sauerstoffhaltiges Ab-
gas zum Erzeugen des Verbrennungsgases;
und
einen Startverbrenner (54) zum Verbrennen des
Rohbrennstoffs und des sauerstoffhaltigen Ga-
ses zum Erzeugen des Verbrennungsgases,
wobei das Brennstoffzellenmodul enthält:

einen ersten Bereich (R1), wo der Abgas-
verbrenner (52) und der Startverbrenner
(54) vorgesehen sind;
einen ringförmigen zweiten Bereich (R2)
um den ersten Bereich (R1) herum, wo einer
des Reformers (46) und des Wärmetau-
schers (50) vorgesehen ist;
einen ringförmigen dritten Bereich (R3) um
den zweiten Bereich (R2) herum, wo der an-
dere des Reformers (46) und des Wärme-
tauschers (50) vorgesehen ist; und
einen ringförmigen vierten Bereich (R4) um
den dritten Bereich (R3) herum, wo der Ver-
dampfer (48) vorgesehen ist;
und wobei der Wärmetauscher (50) eine
ringförmige Sauerstoffhaltiges-Gas-Zu-
führkammer (70a) enthält, der das sauer-
stoffhaltige Gas zugeführt wird, eine ring-
förmige Sauerstoffhaltiges-Gas-Abführ-
kammer (70b), zu der das erhitzte sauer-
stoffhaltige Gas abgegeben wird, eine
Mehrzahl von Wärmeaustauschrohren
(64), die am einen Ende mit der Sauerstoff-
haltiges-Gas-Zuführkammer (70a) verbun-
den sind und am anderen Ende mit der Sau-
erstoffhaltiges-Gas-Abführkammer (70b)
verbunden sind, sowie einen Verbren-
nungsgaskanal (116b) zum Zuführen des
Verbrennungsgases zu einem Raum zwi-
schen den Wärmeaustauschrohren (64);
und
zumindest eines der Wärmeaustauschroh-
re (64) zumindest einen Abschnitt enthält,
wo ein Rohrdurchmesser verändert ist oder
eine Rohrquerschnittsfläche verändert ist.

2. Das Brennstoffzellenmodul nach Anspruch 1, wobei
der Reformer (46) eine ringförmige Mischgas-Zu-
führkammer (82a) enthält, der das Mischgas zuge-
führt wird, eine ringförmige Reformiertes-Gas-Ab-
führkammer (82b), zu der das erzeugte Brenngas

abgeführt wird, eine Mehrzahl von Reformierungs-
rohren (76), die am einen Ende mit der Mischgas-
Zuführkammer (82a) verbunden sind und am ande-
ren Ende mit der Reformiertes-Gas-Abführkammer
(82b) verbunden sind, sowie einen Verbrennungs-
gaskanal (116c) zum Zuführen des Verbrennungs-
gases zwischen die Reformierungsrohre (76); und
zumindest eines der Reformierungsrohre (76) zu-
mindest einen Abschnitt enthält, wo ein Rohrdurch-
messer verändert ist oder eine Rohrquerschnittsflä-
che verändert ist.

3. Das Brennstoffzellenmodul nach Anspruch 1, wobei
der Abschnitt, wo der Rohrdurchmesser verändert
ist oder die Rohrquerschnittsfläche verändert ist, zu-
mindest einen von Abschnitten aufweist, die in un-
terschiedlichen Phasen in Rohrlängsrichtung vorge-
sehen sind, oder einen Abschnitt, der spiralig in
Rohrumfangsrichtung vorgesehen ist.

4. Das Brennstoffzellenmodul nach Anspruch 1, wobei
der Abschnitt, wo der Rohrdurchmesser verändert
ist oder die Rohrquerschnittsfläche verändert ist, in
einem Eintrittssegment von Fluid in ein Rohr vorge-
sehen ist.

5. Das Brennstoffzellenmodul nach Anspruch 1, das
ferner eine erste Trennplatte (60a) aufweist, die zwi-
schen dem ersten Bereich (R1) und dem zweiten
Bereich (R2) vorgesehen ist, eine zweite Trennplatte
(60b), die zwischen dem zweiten Bereich (R2) und
dem dritten Bereich (R3) vorgesehen ist, sowie eine
dritte Trennplatte (60c), die zwischen dem dritten Be-
reich (R3) und dem vierten Bereich (R4) vorgesehen
ist,
wobei die erste Trennplatte (60a), die zweite Trenn-
platte (60b) und die dritte Trennplatte (60c) ein erstes
Verbrennungsgasloch (62a), ein zweites Verbren-
nungsgasloch (62b) sowie ein drittes Verbrennungs-
gasloch (62c) aufweisen, um zu erlauben, dass das
Verbrennungsgas durch den ersten Bereich (R1),
den zweiten Bereich (R2), den dritten Bereich (R3)
und den vierten Bereich (R4) fließt.

6. Das Brennstoffzellenmodul nach Anspruch 5, wobei
eine Prallplatte (122a), die einen Verbrennungsga-
sumwegkanal bildet, in dem Verbrennungsgaskanal
(116b) in Richtung senkrecht zur Rohrlängsrichtung
vorgesehen ist.

7. Das Brennstoffzellenmodul nach Anspruch 6, wobei
ein Verbrennungsgas-Strömungsloch (124) zwi-
schen der Prallplatte (122a), die den Verbrennungs-
gas-Umwegkanal bildet, und einem Außenumfangs-
abschnitt von einem oder mehreren Rohren ausge-
bildet ist.

8. Das Brennstoffzellenmodul nach Anspruch 7, wobei
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zumindest ein Abschnitt, wo der Rohrdurchmesser
verändert ist oder die Rohrquerschnittsfläche verän-
dert ist, in zumindest einem oder mehreren Rohren
vorgesehen ist, und das Verbrennungsgas-Strö-
mungsloch (124) an einer Position vorgesehen ist,
die dem Abschnitt entspricht, wo der Rohrdurchmes-
ser verändert ist oder die Rohrquerschnittsfläche
verändert ist.

9. Das Brennstoffzellenmodul nach Anspruch 1, wobei
das Brennstoffzellenmodul (12) ein Festoxid-Brenn-
stoffzellenmodul ist.

Revendications

1. Module de piles à combustible, comprenant :

un empilement de piles à combustible (24) formé
par l’empilement d’une pluralité de piles à com-
bustible (22) pour générer de l’électricité par l’in-
termédiaire de réactions électrochimiques d’un
combustible gazeux et d’un gaz contenant de
l’oxygène ;
un reformeur (46) servant à reformer un gaz mix-
te composé de vapeur d’eau et d’un combustible
brut contenant principalement un hydrocarbure
pour produire le combustible gazeux fourni à
l’empilement de piles à combustible (24) ;
un évaporateur (48) servant à évaporer l’eau et
à fournir la vapeur d’eau au reformeur (46) ;
un échangeur de chaleur (50) servant à aug-
menter la température du gaz contenant de
l’oxygène par échange thermique avec un gaz
de combustion et à fournir le gaz contenant de
l’oxygène à l’empilement de piles à combustible
(24) ;
un post-brûleur (52) servant à brûler le combus-
tible gazeux évacué de l’empilement de piles à
combustible (24) sous la forme d’un gaz
d’échappement de combustible et le gaz conte-
nant de l’oxygène évacué de l’empilement de
piles à combustible (24) sous la forme d’un gaz
d’échappement contenant l’oxygène pour pro-
duire le gaz de combustion ; et
un brûleur de démarrage (54) servant à brûler
le combustible brut et le gaz contenant de l’oxy-
gène pour produire le gaz de combustion,
dans lequel le module de piles à combustible
comprend :

une première zone (R1) où le post-brûleur
(52) et le brûleur de démarrage (54) se
trouvent ;
une deuxième zone annulaire (R2) autour
de la première zone (R1) où un parmi le
reformeur (46) et l’échangeur de chaleur
(50) se trouve ;

une troisième zone annulaire (R3) autour
de la deuxième zone annulaire (R2) où un
autre parmi le reformeur (46) et l’échangeur
de chaleur (50) se trouve ; et
une quatrième zone annulaire (R4) autour
de la troisième zone annulaire (R3) où l’éva-
porateur (48) se trouve ;
et dans lequel l’échangeur de chaleur (50)
comprend une chambre annulaire d’alimen-
tation en gaz contenant de l’oxygène (70a)
dans laquelle la gaz contenant de l’oxygène
est introduit, une chambre annulaire de dé-
chargement de gaz contenant de l’oxygène
(70b) dans laquelle le gaz chauffé conte-
nant de l’oxygène est évacué, une pluralité
de tuyaux d’échange de chaleur (64) rac-
cordée à la chambre d’alimentation en gaz
contenant de l’oxygène (70a) à une extré-
mité et raccordée à la chambre de déchar-
gement de gaz contenant de l’oxygène
(70b) à l’autre extrémité, et un canal de gaz
de combustion (116b) servant à introduire
le gaz de combustion dans un espace entre
les tuyaux d’échange de chaleur (64) ; et
au moins un des tuyaux d’échange de cha-
leur (64) comprend au moins une partie où
un diamètre de tuyau est modifié ou une
section transversale de tuyau est modifiée.

2. Module de piles à combustible selon la revendication
1, dans lequel le reformeur (46) comprend une
chambre annulaire d’alimentation en gaz mixte (82a)
dans laquelle le gaz mixte est introduit, une chambre
annulaire de déchargement de gaz reformé (82b)
dans laquelle le combustible gazeux produit est éva-
cué, une pluralité de tuyaux de reformage (76) rac-
cordée à la chambre d’alimentation en gaz mixte
(82a) à une extrémité et raccordée à la chambre de
déchargement de gaz reformé (82b) à l’autre extré-
mité, et un canal de gaz de combustion (116c) ser-
vant à introduire le gaz de combustion entre les
tuyaux de reformage (76) ; et
au moins un des tuyaux de reformage (76) comprend
au moins une partie où un diamètre de tuyau est
modifié ou une section transversale de tuyau est mo-
difiée.

3. Module de piles à combustible selon la revendication
1, dans lequel la partie où le diamètre de tuyau est
modifié ou la section transversale de tuyau est mo-
difiée comprend au moins l’une quelconque des par-
ties fournies dans des phases différentes dans une
direction de la longueur du tuyau, ou une partie dis-
posée en spirale dans une direction circonférentielle
du tuyau.

4. Module de piles à combustible selon la revendication
1, dans lequel la partie où le diamètre de tuyau est
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modifié ou la section transversale de tuyau est mo-
difiée est disposée dans un segment d’entrée de flui-
de dans un tuyau.

5. Module de piles à combustible selon la revendication
1, comprenant en outre une première plaque de sé-
paration (60a) disposée entre la première zone (R1)
et la deuxième zone (R2), une deuxième plaque de
séparation (60b) disposée entre la deuxième zone
(R2) et la troisième zone (R3), et une troisième pla-
que de séparation (60c) disposée entre la troisième
zone (R3) et la quatrième zone (R4),
dans lequel la première plaque de séparation (60a),
la deuxième plaque de séparation (60b) et la troisiè-
me plaque de séparation (60c) comportent un pre-
mier orifice de gaz de combustion (62a), un deuxiè-
me orifice de gaz de combustion (62b) et un troisiè-
me orifice de gaz de combustion (62c) pour permet-
tre au gaz de combustion de s’écouler à travers la
première zone (R1), la deuxième zone (R2), la troi-
sième zone (R3) et la quatrième zone (R4).

6. Module de piles à combustible selon la revendication
5, dans lequel une plaque de déviation (122a) for-
mant un canal de déviation de gaz de combustion
est située dans le canal de gaz de combustion (116b)
dans une direction perpendiculaire à une direction
de la longueur du tuyau.

7. Module de piles à combustible selon la revendication
6, dans lequel un orifice d’écoulement de gaz de
combustion (124) est formé entre la plaque de dé-
viation (122a) formant le canal de déviation de gaz
de combustion et une partie circonférentielle externe
d’un ou de plusieurs tuyaux quelconques.

8. Module de piles à combustible selon la revendication
7, dans lequel au moins une partie où le diamètre
de tuyau est modifié ou la section transversale de
tuyau est modifiée est située dans au moins un ou
plusieurs des tuyaux, et l’orifice d’écoulement de gaz
de combustion (124) est situé à une position corres-
pondant à la partie où le diamètre de tuyau est mo-
difié ou la section transversale de tuyau est modifiée.

9. Module de piles à combustible selon la revendication
1, dans lequel le module de piles à combustible (12)
est un module de piles à combustible à oxyde solide.

29 30 



EP 2 859 611 B1

17



EP 2 859 611 B1

18



EP 2 859 611 B1

19



EP 2 859 611 B1

20



EP 2 859 611 B1

21



EP 2 859 611 B1

22



EP 2 859 611 B1

23



EP 2 859 611 B1

24



EP 2 859 611 B1

25



EP 2 859 611 B1

26



EP 2 859 611 B1

27



EP 2 859 611 B1

28



EP 2 859 611 B1

29



EP 2 859 611 B1

30



EP 2 859 611 B1

31



EP 2 859 611 B1

32



EP 2 859 611 B1

33



EP 2 859 611 B1

34



EP 2 859 611 B1

35



EP 2 859 611 B1

36



EP 2 859 611 B1

37



EP 2 859 611 B1

38



EP 2 859 611 B1

39



EP 2 859 611 B1

40



EP 2 859 611 B1

41



EP 2 859 611 B1

42

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2001236980 A [0003]
• JP 2010504607 W [0005]

• JP 2004288434 A [0006]


	bibliography
	description
	claims
	drawings
	cited references

