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Description

[0001] In place of the conventional combustion appa-
ratus forming flame, a catalytic combustion apparatus
has been proposed in which the emission of nitrogen
oxides is greatly reduced and the exhaust gas is made
clean. However, if the catalytic combustion apparatus is
operated with the same combustion intensity (combus-
tion amount per combustion chamber volume) as that
of the flame combustion apparatus, the catalyst body
temperature reaches 1200°C or higher, exceeding the
heat resistance limit of catalyst, so that the service life
is decreased remarkably.
[0002] As a means to solve this problem of combus-
tion intensity, as shown, for example, in one embodi-
ment of Japanese Patent Application No. 7-316888
shown in FIG. 16. a combustion system is available
which is made up of a first catalytic combustion section
104 having a system for simultaneously carrying out
combustion and heat exchange and a second catalytic
combustion section 112 having a honeycomb catalyst
body 114 provided on the downstream side of the first
catalytic combustion section 104. The fuel mainly burns
while performing heat exchange in the first catalytic
combustion section 104, so that the temperature does
not rise unlike the flame combustion, and naturally flame
is not formed. The remaining lean fuel is catalytically
burned in the second catalytic combustion section 112
on the downstream side. Here is utilized the advantage
of catalytic combustion combustible even if the fuel is
lean. The first catalytic combustion section 104, which
uses the high heat transfer characteristics of combus-
tion of a catalyst 107, is provided with the catalyst body
107 in the vicinity of a heat receiving fin 105, constituting
a heat exchange type catalytic combustion section. The
water in a cooling path 108 turns to warm water in the
first catalytic combustion section 104 and an exhaust
heat recovery section 106. Since the heat receiving fin
105 for heat exchange is directly covered by the catalyst
body 107, the heat transfer rate of generated heat in the
catalyst 107 to the heat receiving fin 105 is high. There-
fore, this system is a compact and high-efficiency heat
exchanger integrated combustor.
[0003] When combustion is started, it is necessary to
heat the catalyst beforehand to the reaction temperature
or higher. For this purpose, there is proposed a method
in which flame is formed before the start of catalytic com-
bustion or a method in which the first catalytic combus-
tion section and second catalytic combustion section
are preheated by an electric heater before the start of
combustion.
[0004] EP 0 798 512 A2 represents prior art pursuant
to Article 54(3) EPC. Said document discloses a com-
bustion apparatus comprising a fuel supply section, an
air blowing section, a mixing section, a plurality of first
catalyst bodies which are arranged in parallel with each
other, a first heat receiving section configured by a plu-
rality of heat receiving fins arranged in flow paths divided

by said first catalyst bodies and a cooling path which
penetrates the heat receiving fins whereby the area of
the heat receiving fins on the upstream side of the cool-
ing path is smaller than the area of the first catalyst bod-
ies on the upstream side of the. cooling path. The heat
receiving fins of said combustion apparatus have an es-
sentially rectangular form. This means that the left and
right sides of each fin are further away from the cooling
path than the middle portion of the fin in the upstream
region. Hence, the upstream end of the heat receiving
fin located on the upstream side of the cooling path is
not at an equal distance from the cooling path.
[0005] The present invention was made to solve the
following problem involved in a conventional two-stage
catalytic combustion apparatus of this type, namely the
stabilization of first-stage catalytic combustion and the
increase in endurance life.
[0006] In the two-stage catalytic combustion appara-
tus, the operation of cooling in the combustion section
is essential because combustion takes place with the
same air-fuel ratio as that of flame combustion and at a
temperature lower than the heat resistance limit temper-
ature. However, it is difficult to stably perform the incon-
sistent operation in which cooling is performed while
heat is stably generated by a catalyst. Under certain
conditions, if the heat generation is excessive in the first-
stage catalyst, the first-stage catalyst temperature in-
creases dramatically, so that the heat resistance limit
temperature is exceeded. If cooling is excessive, the
combustion reaction at the first stage decreases, so that
high-concentration unburned gas slips to the down-
stream side. When the second-stage catalyst exists, the
combustion therein becomes excessive, so that the sec-
ond-stage catalyst exceeds the heat resistance limit
temperature. To prevent these phenomena, it has con-
ventionally been necessary to accurately control the air-
fuel ratio and other conditions, and the stable combus-
tion of the first-stage catalyst, which is the main com-
bustion, has been demanded to make the combustor
more excellent.
[0007] Generally, the reactivity of catalyst is some-
times decreased by the long-term use and the service
conditions. To improve the practicality, it is important to
prevent this phenomenon. For the catalyst for combus-
tion, the use at a temperature below the heat resistance
temperature is essential. The heat resistance tempera-
ture, differing depending on the type of catalyst and the
like, is said to be approximately 900°C for a precious
metal catalyst normally used for combustion. Because
this is characteristic of catalyst material, how to use cat-
alyst is a point. From this viewpoint as well, it is found
that it is an important problem to stabilize the first-stage
catalytic combustion by properly setting the heating and
cooling in the combustion section and to maintain the
catalyst temperature at a proper value.
[0008] It is an object of the present invention to pro-
vide a combustion apparatus which is improved as re-
gards a stabilization of first-stage catalytic combustion

1 2



EP 0 889 287 B1

3

5

10

15

20

25

30

35

40

45

50

55

and an increase in endurance life. Said object is
achieved according to the invention by the subject mat-
ter of claim 1.
[0009] Also, the upstream end of the heat receiving
fin can be of a wave form, or the upstream end of the
heat receiving fin can have many small holes. Also, the
upstream end of the first catalyst body may protrude
from the upstream end of the heat receiving fin toward
the upstream side in the flow direction of the mixture.
Also, on the upstream side of the cooling path, the area
of the heat receiving section can increase gradually from
the upstream side to the downstream side. Also, the
heat receiving fin can be thicker than the first catalyst
body, or at least one surface of opposed surfaces of the
first catalyst body or the heat receiving fin can be formed
with a plurality of protrusions. Also, at least one pene-
trating member can be provided to penetrate both of the
first catalyst bodies and the heat receiving fins.
[0010] Also, a mixing unit can be configured by the
fuel supply section, the air blowing section for supplying
combustion air, and a mixing section for mixing fuel with
the combustion air. Further, the first catalyst bodies and
the first heat receiving section can be arranged in a
housing configured by double walls having a heat me-
dium passage therebetween, and the cooling path and
the heat medium passage in the housing communicate
with each other. Also, the combustion apparatus can fur-
ther comprise a second catalyst body provided on the
downstream side of the first catalyst body and a second
heat receiving section provided on the downstream side
of the second catalyst body. Also, a second catalyst unit
can be configured by the second catalyst body and an
electric heater, which is provided adjacent to the second
catalyst body, for heating the second catalyst body. Al-
so, the second heat receiving section provided on the
downstream side of the second catalyst body can be ar-
ranged in a housing configured by double walls having
a heat medium passage therebetween, and a cooling
path of the second heat receiving section and the heat
medium passage communicate with each other.
[0011] By this configuration,

the heat generation on the surfaces of the first cat-
alyst bodies and the cooling action in the first heat re-
ceiving section are balanced, so that combustion can
be continued at a proper temperature below the heat
resistance temperature of the first catalyst body. The
point is to increase the ratio of heat transfer quantity to
the heat receiving section when the heat generation
quantity on the surfaces of the first catalyst bodies is
large and to decrease the ratio of heat transfer quantity
to the heat receiving section when the heat generation
quantity is small. Thus, even when the combustion
quantity is changed, the temperature change of catalyst
body is small, so that the catalytic combustion can be
stabilized under various conditions. More specifically,
since the heat transfer at this portion is effected between
the catalyst body surface and the fin in the heat receiving
section, the mutual relationship between the two, for ex-

ample, position or material acts delicately. The present
invention makes this relationship proper. Also, by mak-
ing the heat transfer proper, a proper temperature dis-
tribution of catalyst body is achieved, so that the long
service life of catalyst body itself can be made possible.
Therefore, since this stable state is maintained for a long
period of time, the practicality as the equipment be-
comes very high.
[0012] Thus, the present invention achieves the fol-
lowing effects.

1. Since a stable high-temperature portion of cata-
lyst can be formed in a proper temperature range
lower than the heat resistance temperature of cat-
alyst, the temperature change of the catalyst body
is small under various conditions, so that the stabi-
lization of catalytic combustion can be achieved.
2. Since the temperature distribution of catalyst
body can be set properly under various conditions,
the above state can be maintained for a long period
of service time, so that the deterioration in catalyst
can be inhabited. Therefore, a combustion appara-
tus having high practicality can be provided.
3. The surface temperature of the equipment itself
is decreased, and thereby the heat dissipation loss
is reduced, so that the efficiency of heat utilization
can further be increased.
4. Since the rise time is shortened, the electric pow-
er for preheating the catalyst can be saved, so that
energy saving can be achieved.
5. A wide variety of fuels ranging from gas fuels to
liquid fuels can be used, and a combustion appara-
tus having high operability can be provided.

[0013] Following the invention is described by way of
example with reference to the accompanying drawings
in which:

FIG. 1 is a sectional view showing one embodiment
of a combustion apparatus in accordance with the
present invention;
FIG. 2 is a detail view of heat receiving fins shown
in FIG. 1 in accordance with the present invention;
FIG. 3 is a detail view of catalyst bodies and heat
receiving fins shown in FIG. 1 in accordance with
the present invention;
FIG. 4 is a detail view showing a relationship be-
tween a catalyst body and a heat receiving fin
shown in FIG. 1 in accordance with the present in-
vention;
FIG. 5 is a detail view of another embodiment show-
ing a relationship between a catalyst body and a
heat receiving fin shown in FIG. 1 in accordance
with the present invention;
FIG. 6 is a detail view of still another embodiment
showing a relationship between a catalyst body and
a heat receiving fin shown in FIG. 1 in accordance
with the present invention;
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FIG. 7 is a detail view of still another embodiment
showing a relationship between a catalyst body and
a heat receiving fin shown in FIG. 1 in accordance
with the present invention;
FIG. 8 is a detail view of still another embodiment
showing a relationship between a catalyst body and
a heat receiving fin shown in FIG. 1 in accordance
with the present invention;
FIG. 9 is a detail view from another angle, showing
a relationship between a catalyst body and a heat
receiving fin shown in FIG. 1 in accordance with the
present invention;
FIG. 10 is a sectional view showing a second em-
bodiment of a combustion apparatus in accordance
with the present invention;
FIG. 11 is a sectional view showing a third embod-
iment of a combustion apparatus in accordance
with the present invention;
FIG. 12 is a sectional view showing a fourth embod-
iment of a combustion apparatus in accordance
with the present invention;
FIG. 13 is an assembly sectional view of the com-
bustion apparatus shown in FIG. 12 in accordance
with the present invention;
FIG. 14 is a sectional view showing a fifth embodi-
ment of a combustion apparatus in accordance with
the present invention;
FIG. 15 is a sectional view showing a sixth embod-
iment of a combustion apparatus in accordance
with the present invention; and
FIG. 16 is a sectional view of a conventional com-
bustion apparatus related to the present invention.

[0014] One embodiment of the present invention will
be explained with reference to FIG. 1. FIG. 1 is a sec-
tional view of a principal portion of one embodiment of
a combustion apparatus in accordance with the present
invention. In this figure, reference numeral 1 denotes a
first catalyst body, which is configured by forming a cat-
alyst layer on a plate-shaped heat-resistant metallic car-
rier. The catalyst layer is configured by distributing and
carrying precious metal on an inorganic layer using alu-
mina powder as a principal component. Many plate-
shaped catalyst bodies 1 are arranged substantially in
parallel to divide a flow path into plural numbers, and
heat receiving fins 2 are disposed therebetween. Many
heat receiving fins 2 are formed by joining to the surface
of a cooling path 3 for allowing a-heat medium (here,
prepared mainly by water) to flow. The heat generated
on the catalyst body surface via this heat receiving fin 2
is transferred to the heat medium efficiently. In this em-
bodiment, the configuration is such that one heat receiv-
ing fin 2 is disposed every two catalyst bodies 1. Thus,
the whole construction constitutes an integral-type com-
bustion heat exchanger.
[0015] The recovered heat is supplied to a use side
(not shown) such as a heating apparatus via the heat
medium in the cooling path 3. Reference numeral 4 de-

notes a fuel supply section for combustion, and 5 de-
notes an air blowing section for supplying combustion
air. In this embodiment, since a liquid fuel (gasoline) is
used as a fuel, a vaporization section 10 incorporating
a heater 9 (here, configured by an electric heater) is pro-
vided to vaporize the fuel in this section. Naturally, when
a gas fuel is used, the heater 9 and the vaporization sec-
tion 10 can be removed. Reference numeral 7 denotes
a mixing section for mixing the fuel with air. The mixture
formed here is sent to a combustion chamber 13 through
a mixture blowing section 12 having many through
holes. Reference numeral 6 denotes an electric heater
for preheating and activating the catalyst bodies 1.
When a catalytic oxidation reaction is started, a means
for preheating the catalyst to the activation temperature
is needed. In this embodiment, the electric heater 6 is
used as this means. Needless to say, it is possible that
the mixture blowing section 12 is used as a burner port,
and an ignitor is provided in the vicinity of the burner
port, by which preheating is performed by flame. Refer-
ence numeral 11 denotes an exhaust port, and 8 de-
notes a housing.
[0016] Next, the operation method of the embodiment
configured as described above will be explained. First,
simultaneously with the operation start, the heater 9 and
the electric heater 6 are energized. By this operation,
the temperatures of the vaporization section 10 and the
catalyst bodies 1 are started to rise. When the temper-
atures of the two elements reach fixed values, fuel and
air are supplied from the fuel supply section 4 and the
air blowing section 5, respectively. The configuration is
such that the electric heater 6 stops energizing at a prop-
er time, but the heater 9 is energized appropriately
based on the signal from a temperature detector (not
shown) provided in the vaporization section 10 so that
the temperature of the vaporization section 10 is proper.
The fuel is vaporized in the vaporization section 10, and
then mixed with air in the mixing section 7 to form a mix-
ture, and flows into the combustion chamber 13 through
the mixture blowing section 12. Immediately after that,
the mixture passes through the catalyst bodies 1, and
since the catalyst body 1 has reached the activation
temperature, catalytic combustion is started on the sur-
face of the catalyst body 1. When the combustion be-
comes vigorous and sufficient heat is generated, the
combustion heat is transferred to the heat medium in
the cooling path 3 via the heat receiving fin 2, by which
the combustion heat is used for heating and the like. At
this time, in relation to the heat use side, a pump or the
like is operated at a proper time to circulate the heat
medium. The catalyst temperature during the steady-
state combustion is kept in the temperature range of
about 350 to 900°C, and flameless combustion, in which
flame is not formed, continues on the catalyst surface.
The catalytic combustion has high reactivity even at low
temperatures, and has a lower temperature than the
flame combustion. Therefore, clean combustion, in
which the exhaust gas contains a very small amount of
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harmful substances such as nitrogen oxides and carbon
monoxide, is continued.
[0017] FIG. 2 is a detail view showing a relationship
between a catalyst body 1 and a heat receiving fin 2 of
one embodiment shown in FIG. 1. The upside is the up-
stream side in the direction of mixture flow. In this con-
figuration, two cooling paths 3, which are joined to the
heat receiving fins 2 and pass through them, are dis-
posed. Also, both of the heat receiving fins 2 and the
cooling paths 3 are made of a heat-resistant stainless
steel material. One or three or more cooling paths 3 may
be provided in consideration of combustion quantity,
heat transfer quantity, and the like. A heat receiving sec-
tion 20 is formed by many heat receiving fins 2 and two
cooling paths 3. The heat receiving fin 2 is shaped so
as to have a portion 2a protruding to the upstream side
around the cooling path 3. At this time, the protruding
portion 2a is formed into a circular shape so that the
upstream end thereof is at a substantially equal distance
from the surface of the cooling path 3. That is to say, the
relationship of concentric circle holds.
[0018] FIG. 3 is a detail view showing a state in which
the heat receiving section 20 shown in FIG. 2 and the
catalyst bodies 1 are assembled. The catalyst body 1
has a shape substantially similar to the shape of the heat
receiving fin 2 on both upstream and downstream sides.
As a result, the catalyst body 1 also has a shape pro-
truding to the upstream side. Reference numeral 1a de-
notes a protruding portion of the catalyst body 1. Further,
in the upstream direction of the cooling path 3, the area
of the heat receiving fin 2 is smaller than the area of the
catalyst body 1. Also, in the downstream direction, the
area of the heat receiving fin 2 is smaller than the area
of the catalyst body 1.
[0019] This construction is suitable to properly main-
tain the heat generation on the surface of the catalyst
body 1 and the cooling action by the heat receiving fin
2 and thereby to stabilize the catalytic combustion. The
heat transfer from the surface of the catalyst body 1 to
the heat receiving fin 2 is carried out mainly by radiation,
but the heat transfer is very fast because the two ele-
ments are located at a small distance. Therefore, the
heat transfer quantity is large at an opposed portion, and
the heat transfer quantity is small at a portion where the
two elements are not opposed to each other. Thereup-
on, at the former portion, the catalyst temperature de-
creases and the combustion reaction is not liable to pro-
ceed. At the latter portion, the catalyst temperature in-
creases and the combustion reaction takes place more
vigorously. To continue stable combustion, it is impor-
tant that the catalyst body 1 has a proper high-temper-
ature portion. Without this portion, the continuation of
combustion sometimes becomes difficult only by a small
change of combustion condition such as the air-fuel ra-
tio. That is to say, by making the opposed area of the
heat receiving fin 2 smaller than the area of the catalyst
body 1 in the upstream direction of the cooling path 3,
there can be formed a portion where the catalyst body

1 is not opposed to the heat receiving fin 2. Naturally, at
this portion combustion can be caused at high temper-
atures, so that the combustion can be stabilized. Also,
by making the shape of the upstream end of the heat
receiving fin 2 at a substantially equal distance from the
surface of the cooling path 3, the heat transfer quantity
of fin can be equalized, by which the temperature of the
heat receiving fin 2 can be kept uniform. The uniformity
of temperature on the heat receiving side can make the
temperature of the catalyst body 1 uniform, so that the
combustion is naturally stabilized.
[0020] Reference numeral 21 denotes a penetrating
member which penetrates the catalyst bodies 1 and the
heat receiving fins 2 to make the positional relationship
therebetween constant. By providing this penetrating
member 21, the positional relationship between the cat-
alyst body 1 and the heat receiving fin 2 is always kept
constant, so that the above-mentioned effect can be
maintained for a long period of time.
[0021] FIG. 4 shows in more detail the relationship be-
tween the catalyst body 1 and the heat receiving fin 2 in
FIG. 3. The penetrating member is shown as 21a. In the
upstream direction (upside) of the cooling path 3, the
shape of the catalyst body 1 is made similar to the shape
of the heat receiving fin 2, and the area of the catalyst
body 1 is made larger. At a portion protruding from the
heat receiving fin 2, the catalyst body 1 has a high tem-
perature, so that the combustion is stabilized. Here, the
two elements have a similar shape on the downstream
side. By the positional relationship between the catalyst
body 1 and the heat receiving fin 2, the combustion re-
action heat generated on the surface of the catalyst
body 1 is transferred to the heat receiving fin 2 side while
properly keeping the heat transfer surface at every por-
tion, so that an excessive temperature rise especially at
a part at the upstream end of the catalyst body 1 is re-
strained. Therefore, the nonuniformity of temperature at
every portion of the catalyst is less, and the temperature
distribution along the downstream side can be kept
properly.
[0022] FIG. 5 shows an embodiment in which the
shape of the catalyst body 1 is changed. In this embod-
iment, comb teeth shaped notch portions 1b are provid-
ed in the catalyst body 1 on the downstream side at the
positions of the cooling paths 3. By adopting this shape,
the assembly can be made by inserting the catalyst body
1 between the heat receiving fins 2 from the upstream
side, so that this construction is practical, and at the
same time the above-mentioned effect can be achieved
as well. Reference numeral 21b denotes the penetrating
member.
[0023] FIG. 6 shows an improved embodiment of FIG.
5, in which the shape of the heat receiving fin 2 is made
equal on both the upstream and downstream sides. With
this shape, further uniformity of the temperature of the
heat receiving fin can be achieved. However, because
the catalytic combustion is most active at the upstream
end of the catalyst body 1, the shape on the downstream
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side does not contribute so much to the stabilization of
combustion. Therefore, it is advantageous that other
features such as easy configuration and uniform tem-
perature are made to have priority over the shape on
the downstream side.
[0024] FIG. 7 shows another embodiment showing
the relationship between the catalyst body 1 and the
heat receiving fin 2. The upstream side of the heat re-
ceiving fin 2 has a wave-form shape. Reference numeral
21d denotes the penetrating member, and the other por-
tions are the same as those in the above embodiment.
By this configuration, the opposed area of the heat re-
ceiving fin 2 is made smaller than the area of the catalyst
body 1 in the upstream direction of the cooling path 3.
Also, on the upstream side of the cooling path 3, the
area of the heat receiving fin is increased gradually from
the upstream side toward the downstream side. There-
by, the catalyst body 1 can be prevented from being
formed with a location where the temperature changes
suddenly from a high temperature at a portion protruding
from the heat receiving fin 2 to a low temperature at a
portion opposed to the heat receiving fin 2. Although this
sudden temperature change is somewhat relaxed by the
heat conduction of the catalyst body 1 itself, it is further
relaxed by this configuration. If a portion where sudden
temperature difference occurs is provided in the catalyst
body 1, deformation etc. due to thermal strain some-
times occur in long-term use. This configuration can pre-
vent this deformation. Thereupon, the catalyst body 1
can have a high-temperature portion suitable for stable
combustion.
[0025] FIG. 8 shows another embodiment which can
achieve the same effect as that of the embodiment
shown in FIG. 7. The heat receiving fin 2 is formed with
many small holes 1b at the upstream portion thereof.
Other portions are the same as those in FIG. 7. The op-
posed area of the heat receiving fin 2 can be made
smaller than the area of the catalyst body 1 in the up-
stream direction of the cooling path 3 as in the above
embodiment.
[0026] FIG. 9 is a detail view showing a relationship
between the catalyst body 1, heat receiving fin 2, and
the cooling path 3. The configuration is such that two
plate-shaped catalyst bodies 1 are disposed between
the heat receiving fins 2. The catalyst body 1 is provided
with a plurality of protrusions 1c, 1d, 1e and 1f. The pro-
trusions 1d and 1f are used to keep the distance be-
tween the two catalyst bodies 1 essentially constant,
and the protrusions 1c and 1e are used to keep the dis-
tance between the catalyst body 1 and the heat receiv-
ing fin 2 essentially constant. Because of the construc-
tion in which the protrusions come into point contact with
each other, not only the distance is kept constant, but
also the heat is scarcely transferred. For example, if the
catalyst body 1 and the heat receiving fin 2 are in face
contact with each other, the heat receiving fin 2 is cooled
heavily by the heat medium flowing in the cooling paths
3 and the temperature thereof is decreased. Therefore,

the catalyst body 1 is cooled by the heat conduction from
the catalyst body 1 to the heat receiving fin 2, and the
temperature thereof is decreased, so that the catalytic
combustion cannot be continued. In the case of point
contact, heat transfer is effected mainly by radiation, so
that the temperature of the catalyst body 1 is not de-
creased excessively. Also, if the catalyst bodies 1 are
brought into contact with each other, the mixture cannot
touch the contact surface, so that the catalytic combus-
tion is not made at this portion. Therefore, partial tem-
perature nonuniformity is formed in the catalyst body 1,
and at the same time unburned gas leaks into the ex-
haust gas. Thereupon, the formation of protrusions is a
very effective means for making stable catalytic com-
bustion. Although all the protrusions are formed on the
catalyst body 1 in this embodiment, needless to say, the
protrusions may be formed on the heat receiving fin 2
side to keep the distance between the catalyst body 1
and the heat receiving fin 2 constant. Reference numer-
al 21 denotes the penetrating member, which pene-
trates the catalyst bodies 1 and the heat receiving fins
2 to maintain the relative positional relationship between
the two elements for a long period of time. Also, in this
embodiment, the heat receiving fin 2 is made thicker
than the catalyst body 1. The catalyst body 1 is config-
ured thin so that the heat transfer quantity in the catalyst
body itself is small, by which a high-temperature portion
for stable combustion is formed on the upstream side.
On the other side, the heat receiving fin 2 configured
thick is effective in transferring heat effectively. If the
temperature of the heat medium is approached by de-
creasing the heat gradient, the heat transfer quantity
naturally increases. Thus, the two elements are required
to have a different heat transfer performance, and the
objective can be achieved by configuring the heat re-
ceiving fin 2 thicker than the catalyst body 1.
[0027] FIG. 10 is a sectional view of a principal portion
showing a second embodiment of a combustion appa-
ratus in accordance with the present invention. The
same elements as those shown in FIG. 1 are shown by
the same reference numerals, and the explanation
thereof is omitted. In this embodiment, a mixing unit 25
is formed by the fuel supply section 4, the air blowing
section 5 for supplying combustion air, and the mixing
section 7 for mixing fuel with air. Also, a heat receiving
section consisting of the catalyst bodies 1 and the heat
receiving fins 2 is provided in a housing 27 which con-
sists of double walls and is formed with a heat medium
passage 26 between the double walls, so that the cool-
ing path 3 is made to communicate with the heat medi-
um passage 26 of the housing 27. Reference numeral
28 denotes a sealing material for connecting the mixing
unit 25 to the housing 27. The unitization provides easy
assembly and maintenance. The use of a heat insulating
material as the sealing material 28 prevents the move-
ment of heat from the combustion section to the mixing
unit 25 section, so that heat dissipation loss can be re-
duced. Also, by the configuration such that the housing
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in the heat receiving section consists of double walls and
the heat medium is allowed to flow between the double
walls, the heat dissipated from the housing surface can
be recovered efficiently by the heat medium, so that the
thermal efficiency as the equipment is improved. Also,
in this embodiment, the electric heater 6 for preheating
the catalyst bodies 1 is provided on the downstream side
of the heat receiving section. In this case, the catalytic
combustion starts from the downstream side of the cat-
alyst bodies 1.
[0028] FIG. 11 is a sectional view of a principal portion
showing a third embodiment of a combustion apparatus
in accordance with the present invention. This embodi-
ment is so configured that second catalyst bodies are
provided on the downstream side of the catalyst bodies
1 and a second heat receiving section is provided on the
downstream side of the second catalyst bodies. The
same elements as those shown in FIG. 1 are shown by
the same reference numerals, and the explanation
thereof is omitted. Reference numeral 31 denotes the
second catalyst body configured by carrying a precious
metal catalyst on a ceramic honeycomb carrier with high
air permeability. Two sheets of second catalyst body are
provided, and an electric heater 36 for preheating cata-
lyst is provided therebetween. Reference numeral 33
denotes a combustion chamber, and 34 denotes a heat
insulating material provided inside the housing 38. The
cooling path 3 penetrates both of the heat receiving sec-
tion consisting of the catalyst bodies 1 and the like and
the second heat receiving section 32 having many fins
to recover heat.
[0029] In this embodiment, the combustion starts in
the second catalyst bodies 31. After the catalytic com-
bustion is started in the second catalyst bodies 31 which
are heated to a sufficient activation temperature by the
electric heater 36 for preheating, the combustion starts
to spread gradually to the upstream direction of the sec-
ond catalyst bodies 31, and further spreads to the down-
stream ends of the catalyst bodies 1 from the upstream
surface of the second catalyst body 31. The catalytic
combustion of the catalyst bodies 1 spreads gradually
from the downstream side to the upstream side, and fi-
nally reaches the most upstream ends of the catalyst
bodies 1. At this time, a substantially steady-state com-
bustion state as the combustor is established. The heat
medium in the cooling path 3 can be circulated by using
a pump or the like at the time suitable in relation to the
heat use side, for example, simultaneously with the
combustion start or when a usable temperature is
reached. At this time, if a temperature detector is pro-
vided on the outlet side of the cooling path, that time can
be determined easily. The recovered heat is supplied to
the use side (not shown) such as a heating apparatus
via the heat medium in the cooling path. Most of the
combustion heat generated on the surface of the cata-
lyst body 1 is transferred from the heat receiving fin to
the heat medium. The combustion heat generated on
the surface of the second catalyst body 31 and the re-

maining heat which is not transferred by the heat receiv-
ing section of the first catalyst body 1 are transferred
effectively to the heat medium in the second heat receiv-
ing section 32, and supplied to the use side. In the proc-
ess from the ignition in the second catalyst body 32 to
the steady-state combustion, the temperature of the
second catalyst body 31 is liable to excessively rise be-
cause the temperature of the first catalyst body 1 is not
sufficiently high and the heat transfer quantity to the up-
stream heat receiving section in which the catalyst bod-
ies 1 are provided is small. Therefore, the proper meth-
od is to make catalytic combustion at a relatively small
combustion quantity at the time when the combustion of
the catalyst bodies 1 rises and subsequently to transfer
the combustion quantity to the rated value. The catalyst
temperature during the steady-state combustion is kept
in the range of about 350 to 900°C, and flameless com-
bustion, which does not form flame, continues on the
catalyst surface. The catalytic combustion has high re-
activity even at low temperatures, and has a lower tem-
perature than the flame combustion. Therefore, clean
combustion, in which the exhaust gas contains a very
small amount of harmful substances such as nitrogen
oxides and carbon monoxide, is continued. By providing
the catalytic combustion section and the heat receiving
section in a double manner, clean exhaust gas and fur-
ther improved thermal efficiency can be achieved. Fur-
ther, in this configuration, a second catalyst unit is con-
figured by the second catalyst bodies 31 and the electric
heater 36, which is provided adjacent to (here, between)
the second catalyst bodies 31, for heating the second
catalyst bodies 31, and further the second heat receiv-
ing section 32 provided on the downstream side of the
second catalyst bodies 31 is provided in a housing sim-
ilar to that shown in the embodiment in FIG. 10, which
consists of double walls and formed with a heat medium
passage between the double walls, and the cooling path
of the second heat receiving section 32 is made com-
municate with the heat medium passage. Thereby, the
maintenance and assembly properties are improved,
the heat dissipation loss is reduced, and the practicality
is improved as compared with the second embodiment.
[0030] FIG. 12 is a sectional view of a principal portion
showing a fourth embodiment of a combustion appara-
tus in accordance with the present invention. In this em-
bodiment, the whole equipment is unitized. The principal
portion is configured by four units; a mixing unit 51 for
mixing fuel with combustion air, a first catalyst unit 52
formed by a heat receiving section consisting of the cat-
alyst bodies 1 and the heat receiving fins 2 and a first
housing 45 which consists of double walls and is formed
with a heat medium passage between the double walls,
a second catalyst unit 53 configured by the second cat-
alyst bodies 31 and the electric heater 36 for heating,
and a heat recovery unit 54 formed by the second heat
receiving section 32 and a second housing 46 which
consists of double walls and is formed with a heat me-
dium passage between the double walls. To join the four
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units in the order of the mixing unit 51, the first catalyst
unit 52, the second catalyst unit 53, and the heat recov-
ery unit 54, sealing materials 48a, 48b and 48c are used
at the respective joint portions, and a sealing material
48d is provided at the connecting portion with an ex-
haust gas hood 47. Reference numerals 43 and 44 de-
note temperature detectors for monitoring combustion.
Reference numeral 41 denotes an upper fitting provided
in the mixing unit 51, and 42 denotes a lower fitting pro-
vided in the exhaust gas hood 47.
[0031] FIG. 13 shows a state in which both of the fit-
tings are connected by a fastener 55 to assemble all the
units. Reference numeral 56 denotes a communication
path for providing communication between the heat me-
dium passage formed in the first housing 45 of the first
catalyst unit 52 and the heat medium passage formed
in the second housing 46 of the heat recovery unit 54.
[0032] By dividing the principal portion into units and
configuring the whole in the manner as described
above, a heat medium passage can be formed easily on
the surface of equipment, so that the heat dissipation
loss from the apparatus surface can be minimized.
[0033] FIG. 14 is a sectional view of a principal portion
showing a fifth embodiment of a combustion apparatus
in accordance with the present invention. In this embod-
iment, the combustion apparatus in accordance with the
embodiment shown in FIG. 11 is further covered with an
external housing 61, by which an external air passage
63 is formed between an internal housing 62 and the
external housing 61. The combustion air which has
passed through the external air passage 63 between the
housings formed by double walls is supplied to the mix-
ing section. Although the air blowing section 5 is provid-
ed at the lower side part of the equipment in this embod-
iment, it may be provided near the upper part. The air
sent from the air blowing section 5 is mixed with the fuel
sent from the fuel supply section 4 in the mixing section
7 to form a mixture, which is sent into the combustion
chamber. During combustion, the surface temperature
of the internal housing 62 increases, but the dissipated
heat is transferred efficiently to the air passing through
the external air passage 63 and utilized to preheat the
combustion air, so that heat dissipation loss from the
whole equipment can be decreased significantly. Fur-
ther, even if unburned gas leaks from the internal hous-
ing 62, it is recovered by the combustion air and sent to
the combustion chamber again, so that it is not dissipat-
ed to the outside of the equipment. Also, since the tem-
perature of the external housing 61 is kept at a low tem-
perature by the air flow in the external air passage 63,
the safety of equipment is enhanced.
[0034] FIG. 15 is a sectional view of a principal portion
showing a sixth embodiment of a combustion apparatus
in accordance with the present invention. This embodi-
ment is mainly based on the embodiment shown in FIG.
13, and characterized in that the second catalyst body
72 is configured by an air-permeable carrier and a cat-
alyst layer provided on the surface of the carrier, and the

carrier is mainly formed of a conductive heat-generating
material. The carrier is suitably formed of a material
mainly containing silicon carbide, and carries a catalyst
such as precious metal on the surface thereof to form a
second catalyst body 72. At this time, since the carrier
has a suitable conductivity, the carrier itself can serve
as a resistance heating element. Reference numeral 73
denotes an electrode. By the current flow from the elec-
trode 73, the second catalyst body 72 itself generates
heat, so that the activation state can be established.
That is, the heat capacity of the substance to be heated
becomes lower than the method in which an electric
heater or the like is used to preheat the catalyst body,
and accordingly sudden rising of combustion can be
performed. Thereby, not only the power consumption
during preheating can be reduced, but also the waiting
time before the combustion start is shortened so that the
convenience as the equipment is improved. Although
the carrier is formed mainly of a silicon carbide material
in this embodiment, the carrier material is not limited to
this. The carrier may be configured so that a certain kind
of heat-resistant metal is formed into a honeycomb
shape or the like having high air permeability, and a cat-
alyst is carried on the surface thereof. The conductivity
of material is often proportional to the thermal conduc-
tivity. In this case as well, since the catalyst carrier has
higher thermal conductivity than a ceramic material, the
temperature uniformity of the second catalyst body 72
increases, so that the exhaust gas can further be made
clean.
[0035] In the present invention, the heat receiving fin
and the catalyst body, which are opposed at least on the
upstream side of the cooling path, may be configured
so that the upstream end of the heat receiving fin is lo-
cated on the inside of the upstream end of the catalyst
body. Also, on the downstream side, the opposed heat
receiving fin and catalyst body may be configured so
that the downstream end of the heat receiving fin is lo-
cated on the inside (upstream side) of the downstream
end of the catalyst body.
[0036] Thus, the present invention achieves the fol-
lowing effects.

1. Since a stable high-temperature portion of cata-
lyst can be formed in a proper temperature range
lower than the heat resistance temperature of cat-
alyst, the temperature change of the catalyst body
is small under various conditions, so that the stabi-
lization of catalytic combustion can be achieved.
2. Since the temperature distribution of catalyst
body can be set properly under various conditions,
the above state can be maintained for a long period
of service time, so that the deterioration in catalyst
can be inhibited. Therefore, a combustion appara-
tus having high practicality can be provided.
3. The surface temperature of the equipment itself
is decreased, and thereby the heat dissipation loss
is reduced, so that the efficiency of heat utilization
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can further be increased.
4. Since the rise time is shortened, the electric pow-
er for preheating the catalyst can be saved, so that
energy saving can be achieved.
5. A wide variety of fuels ranging from gas fuels to
liquid fuels can be used, and a combustion appara-
tus having high operability can be provided.

Claims

1. A combustion apparatus comprising:

a fuel supply section (4);
an air blowing section (5) for supplying combus-
tion air;
a mixing section (7) for mixing said fuel with
said combustion air;
a plurality of first catalyst bodies (1) which are
arranged substantially in parallel with each oth-
er to divide the downstream location in the flow
direction of mixture into a plurality of flow paths;
and
a first heat receiving section (20) configured by
a plurality of heat receiving fins (2) arranged in
flow paths divided by said first catalyst bodies
(1) and a cooling path (3) penetrating said heat
receiving fins (2),

wherein each of said heat receiving fins (2) and
each of said first catalyst bodies (1), which are op-
posed, are such configured that the area of each of
said heat receiving fins (2) on the upstream side of
said cooling path (3) is smaller than the area of each
of said first catalyst bodies (1) on the upstream side
of said cooling path (3), characterised in that the
upstream end of each of said heat receiving fins (2)
located on the upstream side of said cooling path
(3) is substantially at an equal distance from said
cooling path (3).

2. A combustion apparatus according to claim 1,
wherein the upstream end of each of said first cat-
alyst bodies (1) protrudes from the upstream end of
each of said heat receiving fins (2) toward the up-
stream side in the flow direction of said mixture.

3. A combustion apparatus according to claim 1,
wherein on the upstream side of said cooling path
(3), the area of each of said heat receiving fins (2)
increases gradually from the upstream side to the
downstream side.

4. A combustion apparatus according to claim 1
wherein each of said heat receiving fins (2) is thicker
than each of said first catalyst bodies (1).

5. A combustion apparatus according to claim 1,

wherein at least one surface of the opposed surfac-
es of each of said first catalyst bodies (1) or each
of said heat receiving fins (2) is formed with a plu-
rality of protrusions (1a,2a).

6. A combustion apparatus according to claim 1,
wherein at least one penetrating member (21) is
provided to penetrate both of said first catalyst bod-
ies (1) and said heat receiving fins (2).

7. A combustion apparatus according to claim 1,
wherein a mixing unit (25) is formed by said fuel
supply section (4), said air blowing section (5), and
said mixing section (7).

8. A combustion apparatus according to claim 1,
wherein said first catalyst bodies (1) and said first
heat receiving section (20) are arranged in a hous-
ing (27) configured by double walls having a heat
medium passage (26) therebetween, and said cool-
ing path (3) and said heat medium passage (26) in
the housing (27) communicate with each other.

9. A combustion apparatus according to claim 1,
wherein said combustion apparatus further com-
prises a second catalyst body (31) provided on the
downstream side of said first catalyst body (1) and
a second heat receiving section (32) provided on
the downstream side of said second catalyst body
(31).

10. A combustion apparatus according to claim 9,
wherein a second catalyst unit is configured by said
second catalyst body (31) and an electric heater
(36), which is provided adjacent to said second cat-
alyst body (31), for heating said second catalyst
body (31).

11. A combustion apparatus according to claim 9,
wherein said second heat receiving section (32) is
arranged in a housing (38) configured by double
walls having a heat medium passage therebe-
tween, and a cooling path of said second heat re-
ceiving section (32) and said heat medium passage
communicate with each other.

Patentansprüche

1. Verbrennungsvorrichtung, die umfasst:

einen Brennstoffzuführabschnitt (4);

einen Lufteinblasabschnitt (5) zum Zuführen
von Verbrennungsluft;

einen Mischabschnitt (7) zum Mischen des
Brennstoffs mit der Verbrennungsluft;
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eine Vielzahl erster Katalysatorkörper (1), die
im Wesentlichen parallel zueinander angeord-
net sind, um die stromab befindliche Position in
der Strömungsrichtung des Gemisches in eine
Vielzahl von Strömungswegen zu unterteilen;
und

einen ersten Wärmeaufnahmeabschnitt (20),
der durch eine Vielzahl von Wärmeaufnahme-
rippen (2), die in durch die ersten Katalysator-
körper (1) unterteilten Strömungswegen ange-
ordnet sind, und einen Kühlweg (3) gebildet
wird, der die Wärmeaufnahmerippen (2) durch-
dringt,

wobei jede der Wärmeaufnahmerippen (2) und je-
der der ersten Katalysatorkörper (1), die einander
gegenüberliegen, so ausgeführt sind, dass die Flä-
che jeder der Wärmeaufnahmerippen (2) an der
stromaufliegenden Seite des Kühlweges (3) kleiner
ist als die Fläche jedes der ersten Katalysatorkörper
(1) an der stromaufliegenden Seite des Kühlweges
(3), dadurch gekennzeichnet, dass das stromauf-
liegende Ende jeder der Wärmeaufnahmerippen
(3), das sich an der stromaufliegenden Seite des
Kühlweges (3) befindet, im Wesentlichen einen
gleichen Abstand zu dem Kühlweg (3) hat.

2. Verbrennungsvorrichtung nach Anspruch 1, wobei
das stromaufliegende Ende jedes der ersten Kata-
lysatorkörper (1) von dem stromaufliegenden Ende
jeder der Wärmeaufnahmerippen (2) in der Strö-
mungsrichtung des Gemischs zur stromaufliegen-
den Seite hin vorsteht.

3. Verbrennungsvorrichtung nach Anspruche 1, wobei
an der stromaufliegenden Seite des Kühlweges (3)
die Fläche jeder der Wärmeaufnahmerippen (2) von
der stromaufliegenden Seite zur stromabliegenden
Seite hin allmählich zunimmt.

4. Verbrennungsvorrichtung nach Anspruch 1, wobei
jede der Wärmeaufnahmerippen (2) dicker ist als
jeder der ersten Katalysatorkörper (1).

5. Verbrennungsvorrichtung nach Anspruch 1, wobei
wenigstens eine Oberfläche der einander gegen-
überliegenden Oberflächen jedes der ersten Kata-
lysatorkörper (1) oder jeder der Wärmeaufnahme-
rippen (2) mit einer Vielzahl von Vorsprüngen (1a,
2a) versehen ist.

6. Verbrennungsvorrichtung nach Anspruch 1, wobei
wenigstens ein durchdringendes Element (21) vor-
handen ist, das sowohl die ersten Katalysatorkör-
per (1) als auch die Wärmeaufnahmerippen (2)
durchdringt.

7. Verbrennungsvorrichtung nach Anspruch 1, wobei
eine Mischeinheit (25) durch den Brennstoffzuführ-
abschnitt (4), den Lufteinblasabschnitt (5) und den
Mischabschnitt (7) gebildet wird.

8. Verbrennungsvorrichtung nach Anspruch 1, wobei
die ersten Katalysatorkörper (1) und der erste Wär-
meaufnahmeabschnitt (20) in einem Gehäuse (27)
angeordnet sind, das durch Doppelwände mit ei-
nem Wärmemediendurchlass (26) dazwischen ge-
bildet wird, und der Kühlweg (3) sowie der Wärme-
mediendurchlass (26) in dem Gehäuse (27) mitein-
ander in Verbindung stehen.

9. Verbrennungsvorrichtung nach Anspruch 1, wobei
die Verbrennungsvorrichtung des Weiteren einen
zweiten Katalysatorkörper (31), der an der strom-
abliegenden Seite des ersten Katalysatorkörpers
(1) vorhanden ist, und einen zweiten Wärmeauf-
nahmeabschnitt (32) umfasst, der an der strom-
abliegenden Seite des zweiten Katalysatorkörpers
(31) vorhanden ist.

10. Verbrennungsvorrichtung nach Anspruch 9, wobei
eine zweite Katalysatoreinheit durch den zweiten
Katalysatorkörper (31) und eine elektrische Heiz-
einrichtung (36) gebildet wird, die an den zweiten
Katalysatorkörper (31) angrenzend vorhanden ist,
um den zweiten Katalysatorkörper (31) zu erhitzen.

11. Verbrennungsvorrichtung nach Anspruch 9, wobei
der zweite Wärmeaufnahmeabschnitt (32) in einem
Gehäuse (38) angeordnet ist, das durch Doppel-
wände mit einem Wärmemediendurchlass dazwi-
schen gebildet wird, und ein Kühlweg des zweiten
Wärmeaufnahmeabschnitts (32) sowie der Wärme-
mediendurchlass miteinander in Verbindung ste-
hen.

Revendications

1. Appareil de combustion comprenant :

une section d'alimentation en combustible (4) ;
une section de soufflage d'air (5) pour alimen-
tation en air de combustion ;
une section de mélange (7) pour mélanger ledit
carburant audit air de combustion ;
une pluralité de premiers corps de catalyseur
(1) qui sont disposés essentiellement parallè-
les entre eux pour diviser l'emplacement aval
dans la direction d'écoulement du mélange en
une pluralité de chemins d'écoulement ; et
une première section réceptrice de chaleur (20)
configurée par une pluralité d'ailettes réceptri-
ces de chaleur (2) disposées dans des chemins
d'écoulement divisés par lesdits premiers
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corps de catalyseur (1) et un chemin de refroi-
dissement (3) pénétrant dans lesdites ailettes
réceptrices de chaleur (2),

dans lequel chacune desdites ailettes réceptrices
de chaleur (2) et chacun desdits premiers corps de
catalyseur (1), qui sont opposés, sont configurés de
telle sorte que la surface de chacune desdites ailet-
tes réceptrices de chaleur (1) sur le côté amont du-
dit chemin de refroidissement (3) est plus petite que
la surface de chacun desdits premiers corps de ca-
talyseur (1) sur le côté amont dudit chemin de re-
froidissement (3), caractérisé en ce que l'extrémi-
té amont de chacune desdites ailettes réceptrices
de chaleur (2) située sur le côté amont dudit chemin
de refroidissement (3) se trouve essentiellement à
une distance égale dudit chemin de refroidissement
(3).

2. Appareil de combustion selon la revendication 1,
dans lequel l'extrémité amont de chacun desdits
premiers corps de catalyseur (1) dépasse de l'ex-
trémité amont de chacune desdites ailettes récep-
trices de chaleur (2) vers le côté amont dans la di-
rection d'écoulement dudit mélange.

3. Appareil de combustion selon la revendication 1,
dans lequel sur le côté amont dudit chemin de re-
froidissement (3), la surface de chacune desdites
ailettes réceptrices de chaleur (2) augmente pro-
gressivement du côté aval au côté amont.

4. Appareil de combustion selon la revendication 1,
dans lequel chacune desdites ailettes réceptrices
de chaleur (2) est plus épaisse que chacun desdits
premiers corps de catalyseur (1)

5. Appareil de combustion selon la revendication 1,
dans lequel au moins une surface des surfaces op-
posées de chacun desdits premiers corps de cata-
lyseur (1) ou de chacune desdites ailettes réceptri-
ces de chaleur (2) est formée avec une pluralité de
saillies (1a, 2a).

6. Appareil de combustion selon la revendication 1,
dans lequel au moins un élément pénétrant (21) est
fourni pour pénétrer dans lesdits premiers corps de
catalyseur (1) et dans lesdites ailettes réceptrices
de chaleur (2).

7. Appareil de combustion selon la revendication 1,
dans lequel une unité de mélange (25) est formée
par ladite section d'alimentation en combustible (4),
par ladite section de soufflage d'air (5) et par ladite
section de mélange (7).

8. Appareil de combustion selon la revendication 1,
dans lequel lesdits premiers corps de catalyseur (1)

et ladite première section réceptrice de chaleur (20)
sont disposés dans un logement (27) configuré par
des doubles parois comprenant un passage pour
milieu thermique (26) ménagé entre elles, et ledit
chemin de refroidissement (3) et ledit passage pour
milieu thermique (26) dans le logement (27) com-
muniquent entre eux.

9. Appareil de combustion selon revendication 1, dans
lequel ledit appareil de combustion comprend en
outre un second corps de catalyseur (31) fourni sur
le côté aval dudit premier corps de catalyseur (1) et
une seconde section réceptrice de chaleur (32)
fournie sur le côté aval dudit second corps de cata-
lyseur (31).

10. Appareil de combustion selon la revendication 9,
dans lequel une seconde unité de catalyseur est
configurée par ledit second corps de catalyseur (31)
et par un radiateur électrique (36), qui est fourni ad-
jacent au dit second corps de catalyseur (31) pour
chauffer ledit second corps de catalyseur (31).

11. Appareil de combustion selon la revendication 9,
dans lequel ladite section réceptrice de chaleur (32)
est disposée dans un logement (38) configuré par
des doubles parois comprenant un passage pour
milieu thermique ménagé entre elles, et un chemin
de refroidissement de ladite seconde section récep-
trice de chaleur (32) et ledit passage pour milieu
thermique communiquent entre eux.
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