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Description

Title of Invention: FUEL PROCESSOR
Technical Field

The present invention relates to a fuel processor that steam reforms hydrocarbon
source gas such as town gas and LPG to manufacture hydrogen-rich reformed gas, and

is used for manufacturing fuel gas for a fuel cell power generator and so on.

Background Art

A conventional fuel processor is entirely cylindrical. A known fuel processor
includes a heater containing a burner at the center, a reformer filled with a reforming
catalyst around the heater, a converter filled with a carbon monoxide (CO) converter
catalyst, and a CO remover filled with a carbon monoxide (CO) removal catalyst.
These components re arranged in the axial direction (for example, see Patent Literature
D).

In the fuel processor, source gas and reformed water are supplied into a gas passage
acting as an evaporator around the heater, and then source gas and steam are supplied
into the reformer. Moreover, hydrogen containing gas fed from the reformer is se-
quentially supplied to the converter provided around the gas passage, and the CO
remover. Thus, reformed gas is produced.

FIG. 22 illustrates the fuel processor described in Patent Literature 1.

A fuel processor 1 is entirely cylindrical and is insulated by a heat insulating material
la covering the outer surface of the fuel processor 1. A heating unit 5 is provided at the
center of the fuel processor 1. The heating unit 5 includes a heat chamber 3 containing
a burner 2, and an exhaust passage 4 provided around the heat chamber 3. An outlet
port 4a of the exhaust passage 4 is opened to the outside. A first gas passage 6 acting
as an evaporator is disposed around the outlet port 4a of the exhaust passage 4 of the
heating unit 5. Near a flow of high-temperature exhaust gas 74 from the heat chamber
3 of the exhaust passage 4, a reforming part 8 filled with a reforming catalyst 7 is
disposed around the exhaust passage 4. A second gas passage 9 for passing hydrogen
containing gas 73 from the reforming part 8 to the outer surface of the first gas passage
6 is disposed around the reforming part 8. A converting part 11 filled with a CO
converter catalyst 10 is disposed near the reforming part 8 provided around the first gas
passage 6. A CO removing part 14 filled with a CO removal catalyst 13 is disposed
away from the reforming part 8 on the outer surface of the first gas passage 6 and
outside a third gas passage 12 in the radial direction.

Source gas 70 supplied to an inlet 6a of the first gas passage 6 is mixed at the inlet 6a

of the first gas passage 6 with reformed water 72 supplied through a heating coil 15
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wound around the converting part 11 and the CO removing part 14. The source gas 70
and the reformed water 72 are heated through the first gas passage 6 acting as an
evaporator. The high-temperature source gas 70 and steam are supplied to the
reforming part 8, and then the source gas 70 is steam reformed by the action of the
reforming catalyst 7 into the hydrogen containing gas 73.

The hydrogen containing gas 73 fed from the reforming part 8 is supplied to the
converting part 11 through the second gas passage 9, and then carbon monoxide (CO)
in gas is reduced by the action of the CO converter catalyst 10. The hydrogen
containing gas 73 fed from the converting part 11 is mixed with air 71, which is in-
troduced from an air inlet port 16a, in the air mixing space of a mixing part 16
provided between the converting part 11 and the third gas passage 12. The hydrogen
containing gas 73 mixed with the air 71 is supplied to the CO removing part 14
through the third gas passage 12, CO is removed by the action of the CO removal
catalyst 13, and then the hydrogen containing gas 73 is fed from a hydrogen containing
gas outlet port 17.

The fuel processor 1 shown in FIG. 22 has the third gas passage 12 interposed
between the CO removing part 14 and the first gas passage 6 at a high temperature.
Thus, a temperature downstream of the converting part 11 can be kept at an optimum
temperature for a reaction (e.g., 200 degrees C); meanwhile, the inlet temperature of
the CO removing part 14 can be kept at a temperature (e.g., 150 degrees C) where an
oxidation reaction is not excessively accelerated. In other words, the converting part 11
and the CO removing part 14 can be advantageously kept at a suitable temperature.

Carbon monoxide CO is removed from the CO removal catalyst 13 by the following

chemical reaction:

FO0 0w O - S00:

In this case, the hydrogen containing gas 73 containing carbon monoxide CO and the
air 71 containing oxygen O, need to be sufficiently mixed. In the case of insufficient
mixing, the chemical reaction is not accelerated, precluding sufficient removal of CO.

For sufficient mixing, the air mixing space and the air inlet port 16a of the mixing
part 16 are provided with complicated shapes or the third gas passage 12 is extended.
However, such configurations for improving mixing are likely to increase a pressure
loss. Moreover, such shapes lead to a larger volume of the air mixing space of the
mixing part 16, thereby increasing heat radiation with lower efficiency and higher
manufacturing cost.

A fuel processor in Patent Literature 2 proposes a shape of a mixing part for solving
the problem.

FIG. 23 illustrates the mixing part of the fuel processor described in Patent Literature
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2.

A mixing passage 100 includes a pipe-shaped gas supply region 110, a gas diffusion
region 120, gas supply ports 111 that are holes on the side of the gas supply region
110, and an air inlet port 101 at the starting end of the gas supply region 110.

Air flowing from the air inlet port 101 and hydrogen containing gas flowing from the
gas supply ports 111 are mixed in the gas supply region 110 and the gas diffusion
region 120.

In the gas supply region 110, jets of hydrogen containing gas from the gas supply
ports 111 cause eddy formation, accelerating mixing of hydrogen containing gas and
air. The gas diffusion region 120 includes a region for diffusing the gas and air so as to
further accelerate the mixing. Thus, the mixing can be efficiently completed.

In the mixing part of FIG. 23, gas is supplied through the gas supply ports into the
gas supply region 110 for an air flow, suppressing a flow rate upstream of the passage.
Hence, a pressure loss can be smaller than that of a jet of hydrogen containing gas.

Patent Literature 3 and Patent Literature 4 describe similar fuel processors.
Citation List

Patent Literature

PTL 1: Japanese Patent No. 4536153

PTL 2: Japanese Patent No. 4542205

PTL 3: Japanese Patent Laid-Open No. 2002-187705
PTL 4: Japanese Patent Laid-Open No. 2011-178613

Summary of Invention

Technical Problem

However, the mixing passage in FIG. 23 has a complicated shape and thus requires
working for bending the pipe of the passage into an arc, working for forming the many
holes, working for bending the passage to a right angle, and so on, which may increase
the cost of components.

In order to prevent leakage and damage during a long operation, the components are
desirably fixed to each other by, for example, continuous welding. However, such
complicated shapes are hard to automatically weld and thus need to be manually
welded, resulting in lower yields with a large number of manufacturing steps.

In the case of the mixing passage in FIG. 23, it is confirmed that a maximum mixing
distance is about 180 mm and mixing is sufficiently completed in a steady state. In a
non-steady state caused by a failure, an allowance for capability of completing mixing
is small. As a result of the simulation on Patent Literature 2, carbon monoxide CO and
oxygen O, are evenly distributed near the terminal end of the mixing passage.

For example, in the case where the reforming catalyst 7 of the reforming part 8 and
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the CO converter catalyst 10 of the converting part 11 are powdered by aged dete-
rioration so as to interrupt the gas passage, the flow rate of the hydrogen containing gas
73 increases. In this case, the catalysts cannot be sufficiently mixed in the mixing
passage. Alternatively, in the case where the activity of the CO converter catalyst 10 in
the converting part 11 is deteriorated by aged deterioration, CO contained in the
hydrogen containing gas 73 cannot be sufficiently reduced. Thus, a CO concentration
of 0.5% or less cannot be obtained that is set as an upper limit during the design of the
CO removing part 14. In this case, oxygen O, cannot be sufficiently mixed with

increased CO.
As aresult, CO may not be sufficiently removed from the CO removal catalyst 13 of

the CO removing part 14. In this case, the hydrogen containing gas 73 containing a
high concentration of CO (at least 0.5%) is supplied to a power generation stack and
the catalyst in the stack is poisoned (catalyst poisoning) so as to reduce power
generation capacity, leading to system shutdown.

In the case where the mixing part is sufficiently capable of completing mixing, an
operation can be performed up to a system life determined by the amount of the
catalyst. In the configuration of the mixing passage of FIG. 23, however, it is difficult
to extend the mixing passage in view of assembling and a space. Even if the mixing
passage can be extended, the cost and pressure loss may be considerably increased.

An object of the present invention is to provide a fuel processor that is inexpensively
configured with a small number of manufacturing steps, obtains a mixing passage with
a sufficient distance without increasing a pressure loss, and includes a mixing part with
high mixing capability.

Solution to Problem

A fuel processor according to the present invention, includes: a reforming part that is
provided around a heating unit including a burner and generates hydrogen containing
gas composed of carbon monoxide and water; a converting part that is provided around
the heater and generates hydrogen containing gas composed of low-concentration
carbon monoxide by reacting carbon monoxide and water in the hydrogen containing
gas generated in the reforming part; a mixing part that is provided around the heater
and mixes air supplied from an air inlet port and the hydrogen containing gas generated
in the converting part; and a CO removing part that reacts oxygen, carbon monoxide in
the gas supplied from the mixing part, and a CO removal catalyst to generate hydrogen
containing gas hardly containing carbon monoxide, and the fuel processor further
includes a partition plate that divides the passage of the mixing part, the partition plate
partially including a tilted portion.

A fuel processor according to the present invention, includes: a reforming part that is
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provided around a heating unit including a burner and generates hydrogen containing
gas composed of carbon monoxide and water; a converting part that is provided around
the heater and generates hydrogen containing gas composed of low-concentration
carbon monoxide by reacting carbon monoxide and water in the hydrogen containing
gas generated in the reforming part; a mixing part that is provided around the heater
and mixes air supplied from an air inlet port and the hydrogen containing gas generated
in the converting part; and a CO removing part that reacts oxygen, carbon monoxide in
the gas supplied from the mixing part, and a CO removal catalyst to generate hydrogen
containing gas hardly containing carbon monoxide, and the fuel processor further
includes a partition plate that divides the passage of the mixing part at least into first
and second passages, the partition plate including an inlet of mixed gas from the first
passage to the second passage, the inlet being located at or substantially at 180 degrees
in the circumferential direction with respect to the inlet position of the mixed gas in the
first passage.

A fuel processor according to the present invention, includes: a reforming part that is
provided around a heating unit including a burner and generates hydrogen containing
gas composed of carbon monoxide and water; a converting part that is provided around
the heater and generates hydrogen containing gas composed of low-concentration
carbon monoxide by reacting carbon monoxide and water in the hydrogen containing
gas generated in the reforming part; a mixing part that is provided around the heater
and mixes air supplied from an air inlet port and the hydrogen containing gas generated
in the converting part; a CO removing part that reacts oxygen, carbon monoxide in the
gas supplied from the mixing part, and a CO removal catalyst to generate hydrogen
containing gas hardly containing carbon monoxide; and a partition plate that divides
the passage of the mixing part at least into first and second passages, wherein the
mixing part is formed between a first partition near the converting part and a second
partition near the CO removing part, the partition plate has a groove extended around
the heater in a circumferential direction, and the groove has a bottom that is in contact
with one of the first and second partitions and is partially elastically deformed so as to
protrude to the other of the first and second partitions.

Advantageous Effects of Invention

With this configuration, the air mixing space of the mixing part is divided into the
outer passage and the inner passage by the partition plate. Thus, the configuration is in-
expensive and requires only a small number of manufacturing steps, and a mixing
passage can be obtained with a sufficient distance without increasing a pressure loss,
thereby exhibiting high mixing capability.

Brief Description of Drawings
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[fig. 1]FIG. 1 is a longitudinal section illustrating the mixing part of a fuel processor
according to a first embodiment.

[fig.2]FIG. 2 is a cross-sectional view taken along line A-A of FIG. 1.

[fig.3]FIG. 3 is an external perspective view illustrating a partition plate according to
the first embodiment.

[fig.4]FIG. 4 shows the analysis results of the fuel processor according to the first em-
bodiment.

[fig.5]FIG. 5 is a cross-sectional view illustrating the step of assembling the mixing
part according to the first embodiment.

[fig.6]FIG. 6 is a longitudinal section illustrating a mixing part in a fuel processor
according to a second embodiment.

[fig.7]FIG. 7 is a cross-sectional view taken along line J-J of FIG. 6.

[fig.8]FIG. 8 is a longitudinal section illustrating a mixing part in a fuel processor
according to a third embodiment.

[fig.9]FIG. 9 is a cross-sectional view taken along line K-K of FIG. 8.

[fig. 10]FIG. 10 is an external perspective view illustrating a partition plate according
to the third embodiment.

[fig. 11]FIG. 11 is a cross-sectional view illustrating the step of assembling the mixing
part according to the third embodiment.

[fig.12]FIG. 12 is a longitudinal section illustrating a mixing part in a fuel processor
according to a fourth embodiment.

[fig.13]FIG. 13 is a cross-sectional view illustrating the step of assembling the mixing
part according to the fourth embodiment.

[fig.14]FIG. 14 is a longitudinal section illustrating a mixing part in a fuel processor
according to a fifth embodiment.

[fig. 15]FIG. 15 is a cross-sectional view illustrating the step of assembling the mixing
part according to the fifth embodiment.

[fig.16]FIG. 16 is a longitudinal section illustrating a mixing part in a fuel processor
according to a sixth embodiment.

[fig.17]FIG. 17 is a plan view illustrating a partition plate according to the sixth em-
bodiment.

[fig.18]FIG. 18 is a longitudinal section illustrating a mixing part in a fuel processor
according to a seventh embodiment.

[fig. 19]FIG. 19 is a cross-sectional view illustrating the step of assembling the mixing
part according to the seventh embodiment.

[fig.20]FIG. 20 is a plan view illustrating a partition plate according to an eighth em-
bodiment.

[fig.21]FIG. 21 is a plan view illustrating another example of the partition plate
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according to the third embodiment.

[fig.22]FIG. 22 is a longitudinal section illustrating a fuel processor of a conventional
example described in Patent Literature 1.

[fig.23]FIG. 23 is a plan view illustrating a mixing part in a fuel processor described in
Patent Literature 2.

Description of Embodiments

Referring to FIGS. 1 to 21, embodiments of the present invention will be described
below.

(First Embodiment)

FIGS. 1 to 5 illustrate a first embodiment of the present invention.

FIG. 1 is a longitudinal section of a fuel processor. FIG. 2 is a cross-sectional view
taken along the line A-A of FIG. 1. The cross-sectional view basically illustrates only a
cross section. Only a gas inlet port 203 is illustrated as a projected shape for ex-
planation.

In FIGS. 1 and 2, components having the same functions as the fuel processor in the
conventional example in FIGS. 22 and 23 are indicated by the same reference
numerals, and the explanation thereof is omitted. A hollow arrow F1 indicates a flow
of reformed hydrogen containing gas, a black arrow F2 indicates an air flow, and a
cross hatching arrow F3 indicates a flow of mixed gas.

In the conventional example, in FIG. 22, to mix the hydrogen containing gas 73 with
the air 71, the air mixing space of the mixing part 16 provided between the converting
part 11 and the third gas passage 12 does not contain any partitions, whereas in the first
embodiment, the air mixing space of a mixing part 16 is divided into an outer passage
201 and an inner passage 202 by a partition plate 200.

Air containing oxygen O, from an air inlet port 16a connected to a side wall flows
into the air mixing space of the mixing part 16. Moreover, CO in hydrogen containing
gas is reduced to a low concentration (0.5% or less) in a converting part 11, and then
the hydrogen containing gas containing the low concentration of CO flows into the air
mixing space of the mixing part 16 from the gas inlet port 203. The air and the
hydrogen containing gas vertically collide with each other, and then are dispersed so as
to start mixing. After that, as illustrated in FIG. 2, mixed gas having traveled halfway
around the outer passage 201 passes through a side hole 204 formed on the side of the
partition plate 200 and flows into the inner passage 202. The mixed gas further travels
halfway through the inner passage 202, passes through a gas outlet 205, and then flows
into a third gas passage 12. The gas is mixed through the outer passage 201 and the
inner passage 202 and evenly flows into the third gas passage 12. After that, heat is

exchanged with source gas containing water passing through a first gas passage 6, and
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then the gas is cooled (e.g., from 250 degrees C to 150 degrees C). The gas then passes
through a third gas passage outlet port 12a and flows into a CO removing part 14, so
that CO is substantially completely removed(for example, to 10 ppm or less).

[0038]  FIG. 3 is a perspective view illustrating a shape of the partition plate 200 in con-
sideration of actual fabrication. The partition plate 200 can be produced as a single
component only by press working. The size of the side hole 204 is set at 6 mm (about
28 mm?) in diameter by optimization, which will be described later. The size of the
side hole 204 can be optionally set in a working range. The gas outlet 205 is a cut and
raised hole that is formed to circulate mixed gas in the third gas passage 12 so as to
equalize flow velocities and flow rates in a circumferential direction before the gas
reaches the third gas passage outlet port 12a and improve the use efficiency of a CO
removal catalyst 13. Also in this configuration, the open area of the gas outlet 205 is
about 30 mm? through optimization, which will be described later.

[0039] It is found that the sizes of the side hole 204 and the gas outlet 205 considerably
affect a pressure loss but less affect mixing. In this configuration, the partition plate
200 is easily fabricated and the bore size is determined so as to keep a permissible
pressure loss. A pressure loss is effectively reduced by increasing the sizes of the side
hole 204 and the gas outlet 205.

[0040]  The partition plate 200 is in contact with multiple points of a partition constituting
the air mixing space of the mixing part 16. Specifically, as illustrated in FIG. 1, the
partition plate 200 is in contact with three points: a first contact portion 206 on a
bottom plate 21 serving as a first partition near the converting part 11; a second contact
portion 207 on a top plate 22 serving as a second partition near the CO removing part
14; and an inner contact portion 208. In the event of a gap on these portions, unmixed
gas may leak rearward in the passage, resulting in inefficient removal of CO. Such a
gap is reliably prevented by fixing these contact portions by welding or brazing.

[0041]  However, in the case where the first and second contact portions 206 and 207 only
have a small clearance relative to the cross-sectional area of the passage (e.g., 1% or
less), most of gas passes through the mixing passage due to a pressure difference.
Thus, leakage hardly affects the overall mixed gas, allowing sufficient mixing of the
gas through the third gas passage 12. Hence, the first and second contact portions 206
and 207 are not fixed by welding or brazing. The partition plate 200 is elastically
deformed onto components constituting the air mixing space of the mixing part 16,
thereby fully satisfying the function of the mixing passage.

[0042]  FIG. 5 illustrates the step of attaching the partition plate 200 into the mixing part 16.

[0043]  FIG. 5(a) shows the partition plate 200 having been inserted into the outer periphery
of a heating unit 5 before the CO removing part 14 is fixed. In this state, the inner

contact portion 208 of the partition plate 200 is in contact with the outer surface of the
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heating unit 5, and the first contact portion 206 of the partition plate 200 is in contact
with the bottom plate 21 of the mixing part 16.

When the CO removing part 14 is attached, as illustrated in FIG. 5(b), the second
contact portion 207 of the partition plate 200 is pressed. The partition plate 200 is
further pressed in a direction that reduces a clearance between the first contact portion
206 of the partition plate 200 and the bottom plate 21 of the mixing part 16 and a
clearance between the second contact portion 207 of the partition plate 200 and the top

plate 22 of the mixing part 16. In this case, the following relationships are obtained:

where L1 is a distance between the first contact portion 206 and the center of the
heating unit 5, and L2 is a distance between the second contact portion 207 and the
center of the heating unit 5. An outer tilted portion 23a is integrally formed between
the first contact portion 206 and the second contact portion 207 of the partition plate
200. Since an inner tilted portion 23b is formed inside the second contact portion 207,
the outer tilted portion 23a is elastically deformed from a virtual line position to a solid
line position. The inner tilted portion 23b is also slightly elastically deformed.

The elastic deformation of the outer tilted portion 23a and the inner tilted portion 23b
eliminates a difference in dimension between the height of the partition plate 200 and
the inner height of the mixing part 16, and acts in a direction that reduces a clearance
between the first contact portion 206 of the partition plate 200 and the bottom plate 21
of the mixing part 16 and a clearance between the second contact portion 207 of the
partition plate 200 and the top plate 22 of the mixing part 16. In the state of FIG. 5(b),
the top plate 22 of the mixing part 16 is joined and fixed to the converting part 11 by
welding, brazing, and so on.

In the present embodiment, mixing capability equal to or higher than that of the con-
figuration of FIG. 23 was obtained only by the partition plate 200 fabricated by press
working, without additional fixation by welding and so on. Hence, the cost of
components and the manufacturing steps were considerably reduced. In the present
embodiment, elasticity was obtained by setting the thickness of the partition plate 200
at 0.3 mm relative to the structure having a thickness of 0.8 mm to 1.0 mm. Although
the partition plate 200 is desirably made of a spring material, stainless was used instead
as in the structure in consideration of heat resistance and cost. The partition plate 200
is fixed while being compressed by 0.1 mm to 0.3 mm in the axial direction, so that the
first contact portion 206 is in contact with the outer surface of the converting part 11
and the second contact portion 207 is in contact with the outer surface of the CO
removing part 14. The amount of compression may be, for example, about 1 mm. The

inner contact portion 208 is radially fit to the first gas passage with a clearance of 0
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mm to 0.4 mm. The contact portion is desirably brought into contact with the first gas
passage by tube expansion or caulking, but fitting alone provides sufficient resistance
to leakage.

The fitting configuration can reduce a stress applied to the structure as compared
with fixation by welding and so on, even in the case where the fuel processor is re-
peatedly started and stopped to obtain heat shrinkage by heating and cooling. Thus, it
is expected to prevent problems caused by fatigue breakdown in an extended period of
use.

The mixing passage of this configuration has a length of about 380 mm. The mixing
distance is at least two times larger than that of the configuration of the fuel processor
in FIG. 23, that is, about 180 mm with an identical output and a substantially equal
product outside diameter. Thus, stable mixing capability can be provided and high ro-
bustness is expected even under deteriorated conditions such as aged deterioration.

The effect of the first embodiment was examined using analysis results in FIG. 4. A
three-dimensional model was used for the analysis. General-purpose thermal-liquid
analysis software, "ANSYS FLUENT 12.1" of ANSYS, Inc. was used.

The flow rate of air was 7.67 * 106 kg/s, the air temperature was 25 degrees C, the
flow rate of hydrogen containing gas was 1.69 * 10 kg/s, and the temperature of the
hydrogen containing gas was 200 degrees C. The hydrogen containing gas contained
3.1% methane, 21.2% steam, 15.2% carbon dioxide, 0.2% carbon monoxide, and
60.3% hydrogen.

Mole ratios O,/CO of a concentration of oxygen O, to a concentration of carbon
monoxide CO in mixed gas in the outer passage 201 and the inner passage 202 were
measured at cross-sectional positions B-B, C-C, D-D, E-E, F-F, G-G, H-H, and I-I in

the air mixing space of the mixing part 16 in FIG. 4.

Cross-sectional Outer passage 201 Inner passage 202
position

B~R (Li- (1) 1.95-2.04

C-C {Ly~- (8} 1.95-2.04

oD (L)~-2.85 1.95-2.04

E~-E 1.95-2.04 1.50~2.49

FeF 1.86-2.13 1.86-2.13

G-G 1.59-2.49 1.95-2.04

B~H {Ly~2.746 1.85-2.04
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(H) is at least 3.30 and (L) is 1.50 or less.

In an analysis evaluation, a mole ratio O,/CO of a concentration of oxygen O, to a
concentration of carbon monoxide CO was measured in a flow of mixed gas. Since O,
is contained in the air and CO is contained in hydrogen containing gas, small variations
in O,/CO indicate sufficient mixing. In requirements specifications determined by the
characteristics of the CO removal catalyst, ratios O,/CO in mixed gas are within the
range of 1.8 to 3.0.

Furthermore, in requirements specifications for a pressure loss determined by the
performance of a pump, a pressure loss is suppressed to 500 Pa or less.

According to the analysis results, O,/CO values substantially converge in the outer
passage 201 and stay within the range of 1.86 to 2.13 in the side hole 204. In other
words, mixing is fully completed at this point. After that, the gas is further mixed
through the inner passage 202 where O,/CO values converge within the range of 1.95
to 2.04 and hardly change. Thus, it was confirmed that this configuration has sufficient
mixing capability and high robustness with a sufficient margin.

An analyzed pressure loss at this point was 402 Pa, which satisfied the specifications.
The side hole 204 and the gas outlet 205 were small in an initial design, and thus a
pressure loss considerably exceeded a permissible value. The side hole 204 and the gas

outlet 205 were then sequentially increased in size, which hardly affected mixing and
smoothly reduced the pressure loss. Finally, the current size was set in view of balance
with workability.

In the fitting configuration, manufacturing variations may cause clearances. Thus, a
maximum amount of clearance was determined by repeated assembling. The first
contact portion 206 on the outer surface of the converting part 11 had a maximum
clearance of 0.2 mm, and the second contact portion 207 on the outer surface of the CO
removing part 14 had a maximum clearance of 0.2 mm. The inner contact portion 208
on the first gas passage had a maximum clearance of 0.4 mm. These clearances were
applied to a model as worst conditions although such a case may hardly be considered
to actually occur, and then the model was analyzed. Consequently, the terminal end of
the mixing passage had a value of 1.82 to 2.34, which satisfies the specifications. Thus,
sufficient mixing capability can be obtained in the fitting configuration. A pressure
loss decreases to 208 Pa in the worst conditions.

As an example, a fuel processor including the mixing part 16 of the first embodiment
was actually fabricated to conduct an operation test. A CO concentration in produced
hydrogen containing gas was 10 ppm or less, which means that CO was normally
reduced. In a continuous operation of 4600 hours to the present time and 1570 start-
stop tests, an abnormal CO concentration or an abnormal pressure loss was not found.

(Second Embodiment)
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FIGS. 6 and 7 illustrate a second embodiment according to the present invention.

In the first embodiment, the mixing passage is divided into the outer passage 201 and
the inner passage 202, whereas in the second embodiment, a mixing passage is divided
into three or more passages (four passages in the present embodiment).

FIG. 6 illustrates a longitudinal section of the configuration of a principle part. FIG.
7 is a cross-sectional view taken along line J-J. The cross-sectional view basically il-
lustrates only a cross section. For explanation, the projected shape of only a gas inlet
port 203 is illustrated. A hollow arrow F1 indicates a flow of reformed hydrogen
containing gas, a black arrow F2 indicates an air flow, and a cross hatching arrow F3
indicates a flow of mixed gas.

Air containing oxygen O, from an air inlet port 16a connected to a side wall flows
into the air mixing space of a mixing part 16. Moreover, CO in hydrogen containing
gas is reduced by a converting part 11 to a low concentration (0.5% or less), and then
the hydrogen containing gas containing the low concentration of CO flows into the air
mixing space of the mixing part 16 from the gas inlet port 203. The air and the
hydrogen containing gas vertically collide with each other, and then are dispersed so as
to start mixing. After that, mixed gas having traveled halfway around an outer passage
201 passes through a side hole 204 formed on the side of a partition plate and flows
into a first intermediate passage 209. The mixed gas further travels halfway through
the first intermediate passage 209, passes through a second side hole 204a, a second in-
termediate passage 210, and a third side hole 204b, and then flows into an inner
passage 202. The subsequent flow is identical to that of the first embodiment.

The mixing passage of this configuration has a length of about 750 mm. The mixing
distance is at least four times larger than that of the configuration of the fuel processor
in FIG. 23, that is, about 180 mm with an identical output and a substantially equal
product outside diameter. Thus, higher robustness can be obtained.

Currently, as indicated by dimension lines in FIG. 1, the heating unit 5 has an outside
diameter of 79 mm and the fuel processor has an outside diameter of 144 mm in view
of a catalyst amount determined by an output. The product outside diameter may be
reduced by the development of small-size and low-output models and a catalyst having
a honeycomb configuration. Also in this case, a mixing distance hardly changes, and
thus the volume of the air mixing space of the mixing part 16 may relatively increase.
Also in this case, this configuration can achieve sufficient mixing capability without
increasing the air mixing space even if the outside diameter decreases.

As in the first embodiment, a partition plate 200 has tilted portions in the second em-
bodiment. Specifically, tilted portions 23a, 23a2, 23a3, and 23b in FIG. 6 are provided.
The tilted portions allow the elastic deformation of the outer tilted portion 23a, the

inner tilted portion 23b, and the tilted portions 23a2 and 23a3 to eliminate a di-
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mensional difference between the height of the partition plate 200 and the inner height
of the mixing part 16 when a CO removing part 14 is attached.
(Third Embodiment)

FIGS. 8 to 11 and 21 illustrate a third embodiment of the present invention.

In the second embodiment, a gas outlet 205 connecting from the mixing part 16 to
the CO removing part 14 is formed on a part of the partition plate 200, whereas in the
third embodiment, a gas outlet 205 is formed on a top plate 22 of a mixing part 16. A
partition plate 200 of the third embodiment has a first contact portion 206 in contact
with a bottom plate 21 of the mixing part 16 and second and third contact portions
207a and 207b in contact with the top plate 22 of the mixing part 16. The following re-

lationships are obtained:
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where L1 is a distance between the first contact portion 206 and a heating unit 5, L2
is a distance between the second contact portion 207a and the heating unit 5, and L3 is
a distance between the third contact portion 207b and the heating unit 5 (FIG. 11(a)).
Moreover, a groove 24 is formed between the second contact portion 207a and the
third contact portion 207b of the partition plate 200 so as to protrude to the bottom
plate 21. The first contact portion 206 is formed on a part of a bottom 24a of the
groove 24. An outer tilted portion 23a is formed on a connecting portion between the
outer side of the first contact portion 206 and the bottom 24a. An inner tilted portion
23b is formed on a connecting portion between the inner side of the first contact
portion 206 and the bottom 24a.

FIG. 11 shows the step of attaching the partition plate 200 into the mixing part 16.

FIG. 11(a) shows the partition plate 200 having been inserted into the outer periphery
of the heating unit 5 before the top plate 22 of the mixing part 16 is fixed. In this state,
the first contact portion 206 of the partition plate 200 is in contact with the bottom
plate 21 of the mixing part 16.

When the top plate 22 of the mixing part 16 is attached, as illustrated in FIG. 11(b),
the second and third contact portions 207a and 207b of the partition plate 200 are
pressed. The partition plate 200 is further pressed in a direction that reduces a
clearance between the first contact portion 206 and the bottom plate 21 and a clearance
between the second and third contact portions 207a and 207b and the top plate 22. Fur-
thermore, the bottom 24a of the groove 24 is elastically deformed from a virtual line
position to a solid line position. The outer tilted portion 23a and the inner tilted portion
23b are also slightly elastically deformed. In the state of FIG. 11(b), the top plate 22 is
joined and fixed to a converting part 11 by welding, brazing, and so on.

Because of
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a part of the partition plate 200 is elastically deformed to eliminate a dimensional
difference between the height of the partition plate 200 and the inner height of the
mixing part 16, acting in a direction that reduces a clearance between the first contact
portion 206 of the partition plate 200 and the bottom plate 21 and a clearance between
the second and third contact portions 207a and 207b of the partition plate 200 and the
top plate 22.

As illustrated in FIG. 9, an air flow (F2) into an outer passage 201 and a flow of
reformed hydrogen containing gas (F1) flow together in a circumferential direction,
and then the mixed gas flows into an inner passage 202 through a side hole 204 formed
at 180 degrees from an inlet position. The mixed gas further flows together in the inner
passage 202 in the circumferential direction, passes through a gas outlet 205, and then
flows into a CO removing part 14.

In the third embodiment, a projecting portion having the outer tilted portion 23a and
the inner tilted portion 23b is formed on a part of the bottom 24a of the groove 24 of
the partition plate 200, forming the first contact portion 206. As illustrated in FIG. 21,
a projecting portion with an erect wall surface 25 may be provided without the outer
tilted portion 23a and the inner tilted portion 23b, which may achieve substantially the
same effect.

The partition plate 200 brings the first contact portion 206 into contact with the
bottom plate 21 and the second and third contact portions 207a and 207b into contact
with the top plate 22 to elastically deform the bottom 24a of the groove 24 of the
partition plate 200 so as to protrude to the top plate 22. The partition plate 200 may
bring the first contact portion 206 into contact with the top plate 22 and the second and
third contact portions 207a and 207b into contact with the bottom plate 21 to elastically
deform the bottom 24a of the groove 24 of the partition plate 200 so as to protrude to
the bottom plate 22.

(Fourth Embodiment)

FIGS. 12 and 13 illustrate a fourth embodiment of the present invention.

The fourth embodiment is different from the third embodiment in the shape of a

partition plate 200, but the same relationships

e g TR e TURE e MY M YO T oM
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are obtained. In the fourth embodiment, a V groove 26 including an outer tilted
portion 23a and an inner tilted portion 23b is formed between a second contact portion
207a and a third contact portion 207b of the partition plate 200. A first contact portion
206 is formed at the center of the bottom of the V groove 26.

FIG. 13 shows the step of attaching the partition plate 200 into a mixing part 16.

FIG. 13(a) shows the partition plate 200 having been inserted into the outer periphery
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of a heating unit 5 before a top plate 22 of the mixing part 16 is fixed. In this state, the
first contact portion 206 of the partition plate 200 is in contact with a bottom plate 21
of the mixing part 16.

When the top plate 22 of the mixing part 16 is attached, as illustrated in FIG. 13(b),
the second and third contact portions 207a and 207b of the partition plate 200 are
pressed. The partition plate 200 is further pressed in a direction that reduces a
clearance between the first contact portion 206 and the bottom plate 21 and a clearance
between the second and third contact portions 207a and 207b and the top plate 22. Fur-
thermore, the outer tilted portion 23a and the inner tilted portion 23b of the partition
plate 200 are elastically deformed from a virtual line position to a solid line position. In
the state of FIG. 13(b), the top plate 22 is joined and fixed to the converting part 11 by
welding, brazing, and so on.

Because of

LR You
.k 3

a part of the partition plate 200 is elastically deformed to eliminate a dimensional
difference between the height of the partition plate 200 and the inner height of the
mixing part 16, acting in a direction that reduces a clearance between the first contact
portion 206 of the partition plate 200 and the bottom plate 21 and a clearance between
the second and third contact portions 207a and 207b of the partition plate 200 and the
top plate 22.

An air flow (F2) into an outer passage 201 and a flow of reformed hydrogen
containing gas (F1) are identical to those of the second embodiment.

(Fifth Embodiment)

FIGS. 14 and 15 illustrate a fifth embodiment of the present invention.

In the foregoing embodiments, a flow of reformed hydrogen containing gas (F1)
flows into the outer passage 201 of the mixing part 16 from the converting part 11
provided under the mixing part 16, and an air flow (F2) flows into the outer passage
201 from the outer periphery of the mixing part 16 and then flows into the CO
removing part 14, which is disposed on the mixing part 16, from the inner passage 202
of the mixing part 16 through the gas outlet 205. In the fifth embodiment, a converting
part 11 is formed on a mixing part 16 while a CO removing part 14 is disposed under
the mixing part 16. A gas outlet 205 is formed on a bottom plate 21 of the mixing part
16.

The mixing part 16 is divided into an outer passage 201 and an inner passage 20 by a
ring-shaped partition plate 200. The partition plate 200 includes a first contact portion
206 in contact with the bottom plate 21 on the inner periphery of the mixing part 16
and a first contact portion 206 in contact with the top plate 22 on the outer periphery of

the mixing part 16.
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The following relationships are obtained:
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where L1 is a distance between the first contact portion 206 and a heating unit 5, and
L2 is a distance between a second contact portion 207a and the heating unit 5. A ring-
shaped tilted portion 23 is integrally formed between the first contact portion 206 and
the second contact portion 207a.

FIG. 15 shows the step of attaching the partition plate 200 into the mixing part 16.

FIG. 15(a) shows the partition plate 200 having been inserted into the outer periphery
of the heating unit 5 before a top plate 22 of the mixing part 16 is fixed. In this state,
the first contact portion 206 of the partition plate 200 is in contact with the bottom
plate 21 of the mixing part 16.

When the top plate 22 is attached, as illustrated in FIG. 15(b), the second contact
portion 207a of the partition plate 200 is pressed. The partition plate 200 is further
pressed in a direction that reduces a clearance between the first contact portion 206 and
the bottom plate 21 and a clearance between the second contact portion 207a and a
third contact portion 207b and the top plate 22. Furthermore, the tilted portion 23 is
elastically deformed from a virtual line position to a solid line position. In the state of
FIG. 11(b), the top plate 22 is joined and fixed to the CO removing part 14 by welding,
brazing, and so on.

Because of

"Ll = LZY and "L2 » LiM,

a part of the partition plate 200 is elastically deformed to eliminate a dimensional
difference between the height of the partition plate 200 and the inner height of the
mixing part 16, acting in a direction that reduces a clearance between the first contact
portion 206 of the partition plate 200 and the bottom plate 21 and a clearance between
the second contact portion 207a of the partition plate 200 and the top plate 22.

As illustrated in FIG. 14, an air flow (F2) into an inner passage 202 and a flow of
reformed hydrogen containing gas (F1) flow together in a circumferential direction,
and then the mixed gas flows into the outer passage 201 through a side hole 204
formed at 180 degrees from an inlet position. The mixed gas further flows together in
the outer passage 201 in the circumferential direction, passes through the gas outlet
205, and then flows into the CO removing part 14.

(Sixth Embodiment)

FIGS. 16 and 17 illustrate a sixth embodiment of the present invention.

A converting part 11 is disposed on a mixing part 16 while a CO removing part 14 is
disposed under the mixing part 16, which is similar to the configuration of the fifth em-
bodiment. In the fifth embodiment, the inside of the mixing part 16 is divided into the
outer passage 201 and the inner passage 202 by the partition plate 200, whereas in the



17

WO 2013/118430 PCT/JP2013/000218

[0092]

[0093]
[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

sixth embodiment, the inside of the mixing part 16 is divided into an upper passage 27
and a lower passage 28 by a partition plate 200. The sixth embodiment is different
from the fifth embodiment in that the ring-shaped partition plate 200 is joined and
fixed to the inner surface of the mixing part 16 via 29a and 29b by welding, brazing,
and so on.

An air flow (F2) into an inner passage 202 and a flow of reformed hydrogen
containing gas (F1) pass together through the upper passage 27 in a circumferential
direction, and then the mixed gas flows into the lower passage 28 through a hole 30
formed at 180 degrees from an inlet position. The mixed gas further passes through the
lower passage 27 in the circumferential direction and then flows into the CO removing
part 14 through a gas outlet 205.

(Seventh Embodiment)

FIGS. 18 and 19 illustrate a seventh embodiment of the present invention.

In the foregoing embodiments, the inside of the mixing part 16 is divided into a
plurality of passages by the ring-shaped partition plate 200. The seventh embodiment
is different from the foregoing embodiments in that the inside of a mixing part 16 is
divided into a plurality of passages by a plurality of ring-shaped partition plates.

A specific example of the seventh embodiment is a modification of the third em-
bodiment illustrated in FIGS. 8 to 11. This modification can be similarly implemented
in other embodiments.

As illustrated in FIG. 18, partition plates 200a and 200b are attached into the mixing
part 16 to divide the mixing part 16 into an outer passage 201 and first and second
inner passages 202a and 202b. The partition plate 200a is identical to the partition plate
200 of FIG. 3.

An air flow (F2) into the outer passage 201 and a flow of reformed hydrogen
containing gas (F1) pass together through the outer passage 201 in a circumferential
direction, and then the mixed gas flows into the first inner passage 202a through a side
hole 204 formed at 180 degrees from an inlet position. The mixed gas further passes
through the first inner passage 202a in the circumferential direction and flows into the
second inner passage 202b through an inlet 31 formed on the partition plate 200b. The
inlet 31 is formed at 180 degrees from the side hole 204 in the circumferential
direction.

The mixed gas in the second inner passage 202b further flows in the circumferential
direction therefrom, passes through a gas outlet 205 formed on a top plate 22, and
flows into a third gas passage 12. The inside of the first inner passage 202a is further
divided into the passages by the second inner passage 202b, achieving a longer passage
length than in the third embodiment.

FIG. 19 shows the step of attaching the partition plates 200a and 200b into the
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mixing part 16.

FIG. 19(a) shows the partition plates 200a and 200b having been stacked and inserted
into the outer periphery of a heating unit 5 before the top plate 22 of the mixing part 16
is fixed.

In this state, a first contact portion 206 of the partition plate 200a is in contact with a
bottom plate 21 of the mixing part 16. Moreover, a fourth contact portion 206b of the
partition plate 200b is in contact with a bottom 24a of a groove 24 on the partition
plate 200a.

When the top plate 22 is attached, as illustrated in FIG. 19(b), a second contact
portion 207a of the partition plate 200a is pressed through a fifth contact portion 207¢
of the partition plate 200b while a third contact portion 207b of the partition plate 200a
is pressed through a sixth contact portion 207d of the partition plate 200b.

Hence, the bottom plate 24a of the partition plate 200a is elastically deformed from a
virtual line position to a solid line position. Furthermore, a tilted portion 32 formed
between the fourth contact portion 206b and the fifth contact portion 207¢ of the
partition plate 200b and a side 33 formed between the fourth contact portion 206b and
the sixth contact portion 207d of the partition plate 200b are also elastically deformed
from virtual line positions to solid line positions. In the state of FIG. 19(b), the top
plate 22 is joined and fixed to a converting part 11 by welding, brazing, and so on.

The following relationships are obtained:
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Furthermore, the following relationships are obtained:
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where L4 is a distance between the fourth contact portion 206b and the heating unit
5, L5 is a distance between the fifth contact portion 207¢ and the heating unit 5, and L6
is a distance between the seventh contact portion 207d and the heating unit 5. Thus, a
part of the partition plates 200a and 200D is elastically deformed to eliminate a di-
mensional difference between the height of the partition plates 200a and 200b and the
inner height of the mixing part 16, acting in a direction that reduces a clearance
between the first contact portion 206 and the bottom plate 21, a clearance between the
second and third contact portions 207a and 207b of the partition plate 200a and the
partition plate 200b, a clearance between the fourth contact portion 206b and the
partition plate 200a, and a clearance between the partition plate 200b and the top plate
22.

In the seventh embodiment, a projecting portion having an outer tilted portion 23a

and an inner tilted portion 23b is formed on a part of the bottom 24a of the groove 24
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on the partition plate 200a, forming the first contact portion 206. The partition plate
200a may be identical in shape to the partition plate 200 in FIG. 21 to achieve sub-
stantially the same effect.

(Eighth Embodiment)
FIG. 20 illustrates an eighth embodiment of the present invention.

In the foregoing embodiments, mixed gas flows from one passage to another through
the hole with the partition plate dividing the passage into the multiple passages. The
hole may be replaced with a notch. Specifically, the side hole 204 is a circular hole in
FIGS. 9 and 10 of the third embodiment and may be replaced with a notch 34 in FIG.
20.

In the foregoing embodiments other than the sixth embodiment, the partition plate is
not joined or fixed to any one of the partition wall of the mixing part 16, the bottom
plate 21 near the converting part 11, and the top plate 22 near the CO removing part 14
by welding, brazing, and so on. At least a part of the partition plate may be joined and
fixed to one of the bottom plate 21 and the top plate 22 by welding, brazing, and so on.
Industrial Applicability

A fuel processor according to the present invention can remarkably improve the ro-
bustness of mixing capability with a simple structure without increasing a pressure
loss. The fuel processor is used for fuel cells in, for example, a home cogeneration
system to exhibit constant CO removal capability over a long continuous operation
even if a load fluctuates.

Reference Signs List

1 fuel processor

la heat insulating material

2 burner

3 heat chamber

4 exhaust passage

4a outlet port of the exhaust passage 4

5 heating unit

6 first gas passage

6a inlet of the gas passage 6

7 reforming catalyst

8 reforming part

9 second gas passage

10 CO converter catalyst

11 converting part

12 third gas passage
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12a outlet port of the third gas passage
13 CO removal catalyst

14 CO removing part

15 heating coil

16 mixing part

16a air inlet port

17 hydrogen containing gas outlet port
21 bottom plate of the mixing part 16
22 top plate of the mixing part 16

23a outer tilted portion

23b inner tilted portion

L1 distance between the first contact portion 206 and the center of the heating unit 5
L2 distance between the second contact portion 207 and the center of the heating unit 5
24 groove

24a bottom of the groove 24

25 erect wall surface

26 V groove

27 upper passage

28 lower passage

29a, 29b welding and brazing points
30 hole

31 inlet

70 source gas

71 air

72 reformed water

73 hydrogen containing gas

74 exhaust gas

100 mixing passage

101 air inlet port

110 gas supply region

111 gas supply port

120 gas diffusion region

200, 200a, 200b partition plate

201 outer passage

202 inner passage

203 gas inlet port

204 side hole

204a second side hole
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204b third side hole

205 gas outlet

206 first contact portion

207 second contact portion

207a, 207b second and third contact portions
208 inner contact portion

209 first intermediate passage

210 second intermediate passage
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Claims

[Claim 1] A fuel processor comprising:
a reforming part that is provided around a heating unit including a
burner and generates hydrogen containing gas composed of carbon
monoxide and water;
a converting part that is provided around the heater and generates
hydrogen containing gas composed of low-concentration carbon
monoxide by reacting carbon monoxide and water in the hydrogen
containing gas generated in the reforming part;
a mixing part that is provided around the heater and mixes air supplied
from an air inlet port and the hydrogen containing gas generated in the
converting part; and
a CO removing part that reacts oxygen, carbon monoxide in the gas
supplied from the mixing part, and a CO removal catalyst to generate
hydrogen containing gas hardly containing carbon monoxide,
the fuel processor further comprising a partition plate that divides a
passage of the mixing part, the partition plate partially including a tilted
portion.

[Claim 2] The fuel processor according to claim 1, wherein the mixing part is
formed between a first partition near the converting part and a second
partition near the CO removing part, and a relationship is established

below:

¥ TN
L3R - RARI

where L1 is a distance from the heating unit to a first contact portion
between the partition plate and one of the first and second partitions,
and
L2 is a distance from the heating unit to a second contact portion
between the partition plate and the other of the first and second
partitions.

[Claim 3] The fuel processor according to claim 1, wherein the partition plate is
elastically deformed on the tilted portion.

[Claim 4] The fuel processor according to claim 1, wherein the partition plate
divides inside of the mixing part into at least two concentric passages.

[Claim 5] The fuel processor according to claim 1, wherein the mixing part is
formed between a first partition near the converting part and a second
partition near the CO removing part, and

the partition plate has a fitting structure unfixed to at least one of the
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first partition and the second partition.

[Claim 6] The fuel processor according to claim 1, wherein the mixing part is
formed between a first partition near the converting part and a second
partition near the CO removing part, and a relationship is established

below:
where L1 is a distance from the heating unit to a first contact portion
between the partition plate and one of the first and second partitions,
L2 is a distance from the heating unit to a second contact portion
between the partition plate and one of the first and second partitions,
and
L3 is a distance from the heating unit to a third contact portion between
the partition plate and one of the first and second partitions.

[Claim 7] The fuel processor according to claim 1, wherein the mixing part is
formed between a first partition near the CO removing part and a
second partition near the converting part, and a relationship is es-

tablished below:

. I
7 = T.7
2w g JORCNNA

where L1 is a distance from the heating unit to a first contact portion
between the partition plate and one of the first and second partitions,
and
L2 is a distance from the heating unit to a second contact portion
between the partition plate and the other of the first and second
partitions.

[Claim 8] A fuel processor comprising:
a reforming part that is provided around a heating unit including a
burner and generates hydrogen containing gas composed of carbon
monoxide and water;
a converting part that is provided around the heater and generates
hydrogen containing gas composed of low-concentration carbon
monoxide by reacting carbon monoxide and water in the hydrogen
containing gas generated in the reforming part;
a mixing part that is provided around the heater and mixes air supplied
from an air inlet port and the hydrogen containing gas generated in the
converting part; and
a CO removing part that reacts oxygen, carbon monoxide in the gas

supplied from the mixing part, and a CO removal catalyst to generate
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hydrogen containing gas hardly containing carbon monoxide,

the fuel processor further comprising a partition plate that divides a
passage of the mixing part at least into first and second passages,

the partition plate including an inlet of mixed gas from the first passage
to the second passage, the inlet being located at or substantially at 180
degrees in the circumferential direction with respect to an inlet position
of the mixed gas in the first passage.

A fuel processor comprising:

a reforming part that is provided around a heating unit including a
burner and generates hydrogen containing gas composed of carbon
monoxide and water;

a converting part that is provided around the heater and generates
hydrogen containing gas composed of low-concentration carbon
monoxide by reacting carbon monoxide and water in the hydrogen
containing gas generated in the reforming part;

a mixing part (16) that is provided around the heater and mixes air
supplied from an air inlet port and the hydrogen containing gas
generated in the converting part;

a CO removing part that reacts oxygen, carbon monoxide in the gas
supplied from the mixing part, and a CO removal catalyst to generate
hydrogen containing gas hardly containing carbon monoxide; and

a partition plate that divides a passage of the mixing part at least into
first and second passages,

wherein the mixing part is formed between a first partition near the
converting part and a second partition near the CO removing part,

the partition plate has a groove extended around the heater in a circum-
ferential direction, and

the groove has a bottom that is in contact with one of the first and
second partitions and is partially elastically deformed so as to protrude
to the other of the first and second partitions.

The fuel processor according to claim 9, wherein the bottom of the
partition plate is in contact with the first partition near the converting
part and is elastically deformed so as to protrude to the second partition

near the CO removing part.



1/23

WO 2013/118430 PCT/JP2013/000218

[Fig. 1]

7omm

144mim



2/23

WO 2013/118430 PCT/JP2013/000218

[Fig. 2]
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[Fig. 16]
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