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(54) COMBUSTION APPARATUS, AND HEATING FURNACE USING SAME

(57) Provided is a technology for uniformly increas-
ing atmosphere temperature while rapidly achieving a
desired uniform atmosphere composition. A combustion
apparatus (500) is provided with: a combustion part (100)
including a combustion space (10) with a combustible
gas inlet (30) which is opened toward the combustion
space (10) for allowing the entry of a combustible gas,
an air inlet (50) which is opened toward the combustion
space (10) for allowing the entry of air, and a combustion

gas outlet (70) for discharging a combustible gas to the
outside; and a regulated gas through channel part (200)
including a regulated gas outlet (150) for discharging the
gas prepared into a desired composition to the outside,
the regulated gas outlet (150) located adjacent to the
combustion gas outlet (70) and having an opening facing
the combustion gas immediately after being discharged
from the combustion gas outlet (70).
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Description

[Technical Field]

[0001] The present invention pertains to a combustion
apparatus and a heating furnace using the same.

[Background Art]

[0002] When manufacturing various products, heating
treatment is sometimes carried out. It is sometimes re-
quired that the heating treatment closely manage the
composition of the atmosphere into which an object to
be heated is placed upon heating in addition to controlling
the amount of heat provided to the object. For example,
when manufacturing ceramic products, a formed body
formed in a desired shape is first manufactured from ce-
ramic powder, after which, heat treatment (firing) is car-
ried out by placing this formed body into a heating fur-
nace.
[0003] Burners are sometimes used for controlling the
temperature in the heating furnace. As a burner used for
the heating furnace, for example, a type (excess type)
for generating flames while appropriately adjusting the
mixing ratio of the combustion gas along with the air in-
side the annular body is proposed (for example, Patent
Document 1).
[0004] Furthermore, during heat treatment (firing) of
ceramics, a very low oxygen concentration in the heating
furnace should sometimes be maintained in order to pre-
vent oxidation of the ceramics. Therefore, the atmos-
phere in the heating furnace is adjusted to contain the
desired composition by introducing a regulated gas
(process gas) with the composition regulated in advance
into the heating furnace.
[0005] Therefore, in order to freely control the temper-
ature and the atmospheric composition in the heating
furnace, respectively, a technology involving individually
placing combustion apparatuses such as a burner and
regulated gas introducing apparatuses in the heating fur-
nace has been proposed (for example, Patent Docu-
ments 2, 3).

[Prior Art Documents]

[Patent Documents]

[0006]

Patent Document 1: JP-A-H07-77314

Patent Document 2: JP-A-H11-304367

Patent Document 3: JP-A-2010-2056

[Summary of the Invention]

[Problems to be solved by the Invention]

[0007] However, according to the abovementioned
technology involving individually placing combustion ap-
paratuses and regulated gas introducing apparatuses,
the composition of a gas to be discharged from the com-
bustion apparatus and the composition of a regulated
gas (process gas) discharged from the regulated gas in-
troducing apparatus are sometimes different. In such a
case, the atmospheric composition in the heating furnace
is easily variable at each location in the heating furnace.
In addition, for the case in which the temperature of a
gas discharged from the combustion apparatus and the
temperature of a regulated gas (process gas) discharged
from the regulated gas introducing apparatus are differ-
ent, the temperatures in the heating furnace are also sub-
ject to non-uniformity.
[0008] That said, it is conceivable that a high-temper-
ature gas with a uniform composition may be discharged
from the burner via a contraption by which a combustible
gas, air, and a regulated gas are mixed in advance to be
burned in the abovementioned sexcess air type burner.
However, such a contraption is subjected to accidental
fire and imperfect combustion as the oxygen concentra-
tion during combustion is lowered due to the incorpora-
tion of a regulated gas.
[0009] The present invention has been created in light
of the abovementioned problems, with an object of pro-
viding a technology that evenly elevates the atmospheric
temperature while quickly homogenizing the atmosphere
into a desired composition.

[Means to solve the Problems]

[0010] The present invention provides a combustion
apparatus, along with a heating furnace using the same
to be described below.

[1] A combustion apparatus, comprising: a combus-
tion part provided with a combustion space for gen-
erating a combustion gas by burning a combustible
gas and air , a combustible gas inlet being opened
to said combustion space for allowing said combus-
tible gas to flow into said combustion space, an air
inlet opened to said combustion space for allowing
said air to flow into said combustion space, and a
combustion gas outlet for discharging said combus-
tion gas outside; and a regulated gas through chan-
nel part having a regulated gas outlet for discharging
a regulated gas prepared into a desired composition
outside, said regulated gas through channel part be-
ing adjacent to said combustion gas outlet and
opened toward said combustion gas just after being
discharged from said combustion gas outlet.

[2] The combustion apparatus according to said [1],
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wherein said regulated gas outlet is annularly
opened, and said combustion gas outlet is provided
inside the ring of said regulated gas outlet.

[3] The combustion apparatus according to said [1],
comprising a plurality of said regulated gas outlets,
wherein said plurality of regulated gas outlets sur-
round said combustion gas outlet.

[4] The combustion apparatus according to said [2]
or [3], comprising a structure in which said regulated
gas through channel part surrounds said combustion
part as seen from a cross-section view crossing said
combustion part and said regulated gas through
channel part.

[5] The combustion apparatus according to any one
of said [1] to [4], wherein said combustion part com-
prises: an air spouting port opened to said combus-
tion space for spouting air in said combustion space
in the direction of said combustion gas outlet; and a
partition member provided in said combustion space
for mixing said combustion gas generated by said
combustion with said air spouted from said air spout-
ing port into said combustion space while partitioning
said combustible gas flowed from said combustible
gas inlet into said combustion space, air flowed from
said air inlet into said combustion space, flames gen-
erated by the combustion of said air and said com-
bustible gas, and said air spouted from said air spout-
ing port into said combustion space.

[6] The combustion apparatus according to said [5],
wherein, in said combustion part, said partition mem-
ber is formed in a cylindrical shape with one end
closed and the other end opened in the direction of
said combustion gas outlet, with said combustible
gas inlet and said air inlet further opened inside said
cylindrical shape, and said air spouting port is pro-
vided such that said air spouted from said air spout-
ing port into said combustion space flows along the
outer periphery of said partition member.

[7] A heating furnace, comprising: the combustion
apparatus according to any one of said [1] to [6] ;
and a housing chamber in which a housing space
for housing a body to be heated is formed surrounded
by a furnace wall, and said combustion gas outlet
and said regulated gas outlet of said combustion ap-
paratus are opened in said housing space.

[8] The heating furnace according to said [7], com-
prising: a temperature measuring part provided at
the location opposite to said combustion gas outlet
and said regulated gas outlet in said housing space
of said housing chamber, which is configured to
measure the atmospheric temperature in said hous-
ing space; and an inflow regulation means config-

ured to increase or decrease the inflow of said com-
bustible gas from said combustible gas inlet and the
inflow of said air from said air inlet based on the at-
mospheric temperature in said housing space meas-
ured by said temperature measuring part.

[9] The heating furnace according to said [8], com-
prising a plurality of said combustion apparatuses
and said temperature measuring part; wherein said
temperature measuring part is provided at said fur-
nace wall opposite to said combustion gas outlet and
said regulated gas outlet of said combustion appa-
ratus of any one of said plurality of combustion ap-
paratuses, and said inflow regulation means increas-
es or decreases the inflow of said combustible gas
of said combustion apparatus and the inflow of said
air from said air inlet based on the atmospheric tem-
perature in said housing space measured by said
temperature measuring part.

[10] The heating furnace according to said [9],
wherein at least one of said combustion apparatuses
is provided on the upper and lower parts of said hous-
ing chamber, respectively.

[11] The heating furnace according to said [9],
wherein at least one of said combustion apparatuses
is provided on the upper, middle, and lower parts of
said housing chamber, respectively.

[12] The heating furnace according to said [8], com-
prising: a plurality of said combustion apparatuses;
and a plurality of said temperature measuring parts,
wherein at least one of said temperature measuring
parts is provided at a location opposite to said re-
spective combustion gas outlet and regulated gas
outlet of said plurality of combustion apparatuses,
and
said inflow regulation means increases or decreases
the inflow of said combustible gas of said combustion
apparatus opposite to said each temperature meas-
uring part, and the inflow of said air from said air inlet
based on the atmospheric temperature in said hous-
ing space measured by each of said temperature
measuring parts.

[13] The heating furnace according to said [12],
wherein at least one of said combustion apparatuses
is provided on the upper and lower parts of said hous-
ing chamber, respectively.

[14] The heating furnace according to said [13],
wherein said housing chamber comprises:

a first area in which said combustion apparatus
provided on said upper part of said furnace wall
on one side opens said combustion gas outlet
and said regulated gas outlet toward said fur-
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nace wall on the opposite side of said one side,
and said combustion apparatus provided on
said lower part of said furnace wall on the op-
posite side of said one side opens said combus-
tion gas outlet and said regulated gas outlet to-
ward said furnace wall on said one side; and a
second area in which said combustion appara-
tus provided on said upper part of said furnace
wall on the opposite side of said one side opens
said combustion gas outlet and said regulated
gas outlet toward said furnace wall on said one
side, and said combustion apparatus provided
on said lower part of said furnace wall on said
one side opens said combustion gas outlet and
said regulated gas outlet toward said furnace
wall on the opposite side of said one side, where-
in said first area and said second area are alter-
nately arranged in the longitudinal direction of
said housing chamber.

[15] The heating furnace according to said [12],
wherein at least one of said combustion apparatuses
is provided on the upper, middle, and lower parts of
said housing chamber, respectively.

[16] The heating furnace according to said [15],
wherein said housing chamber comprises:

a first area in which said combustion apparatus-
es provided on said upper part and said lower
part of said furnace wall on one side opens said
combustion gas outlet and said regulated gas
outlet toward said furnace wall on the opposite
side of said one side, and said combustion ap-
paratus provided on said middle part of said fur-
nace wall on the opposite side of said one side
opens said combustion gas outlet and said reg-
ulated gas outlet toward said furnace wall on
said one side; and
a second area in which said combustion appa-
ratus provided on said upper part and said lower
part of said furnace on the opposite side of said
one side wall opens said combustion gas outlet
and said regulated gas outlet toward said fur-
nace wall on said one side, and said combustion
apparatus provided on said middle part of said
furnace wall on said one side opens said com-
bustion gas outlet and said regulated gas outlet
toward said furnace wall on the opposite side of
said one side, wherein said first area and said
second area are alternately arranged in the lon-
gitudinal direction of said housing chamber.

[Effects of the Invention]

[0011] According to a combustion apparatus and a
heating furnace using the same of the present invention,
as the combustion gas outlet and the regulated gas outlet

are adjacent to each other, and the regulated gas outlet
opens toward the combustion gas just after being dis-
charged from the combustion gas outlet, it becomes pos-
sible to immediately mix the combustion gas discharged
from the combustion gas outlet with the regulated gas
discharged from the regulated gas outlet. As a result,
according to the combustion apparatus and the heating
furnace using the same of the present invention, it be-
comes possible to evenly elevate the atmospheric tem-
perature while quickly homogenizing the atmosphere into
a desired composition.

[Brief Description of the Drawings]

[0012]

Fig. 1 is a pattern diagram illustrating an embodiment
of a combustion apparatus according to the present
invention.
Fig. 2 is a cross-section view along A-A’ in Fig. 1.
Fig. 3 is a plan view of a modified example of a com-
bustion gas outlet and a regulated gas outlet of an
embodiment of the combustion apparatus according
to the present invention.
Fig. 4 is a plan view of a combustion gas outlet and
a regulated gas outlet of another embodiment of the
combustion apparatus according to the present in-
vention.
Fig. 5 is a pattern diagram illustrating yet another
embodiment of the combustion apparatus according
to the present invention.
Fig. 6 is a cross-section view along B-B’ in Fig. 5.
Fig. 7 is a pattern diagram of another embodiment
of the combustion apparatus according to the
present invention, the combustion part of said com-
bustion apparatus being provided with a partition
member.
Fig. 8 is a cross-section view along C-C’ in Fig. 7.
Fig. 9 is a cross-section view along D-D’ in Fig. 7.
Fig. 10 is a pattern diagram of the periphery of the
combustion gas outlet and the regulated gas outlet
of an embodiment of the combustion apparatus ac-
cording to the present invention.
Fig. 11 is a pattern diagram of the periphery of a
combustion gas outlet and a regulated gas outlet of
another embodiment of the combustion apparatus
according to the present invention.
Fig. 12 is a pattern diagram illustrating an embodi-
ment of a heating furnace according to the present
invention.
Fig. 13 is a pattern diagram illustrating another em-
bodiment of the heating furnace according to the
present invention.
Fig. 14 is a perspective view illustrating the appear-
ance of an embodiment of the heating furnace ac-
cording to the present invention.
Fig. 15A is a cross-section view along E-E’ in Fig. 14.
Fig. 15B is a cross-section view along F-F’ in Fig. 14.
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Fig. 16 is a perspective view illustrating the appear-
ance of another embodiment of the heating furnace
according to the present invention.
Fig. 17A is a cross-section view along G-G’ in Fig. 16.
Fig. 17B is a cross-section view along H-H’ in Fig. 16.
Fig. 18 is a perspective view illustrating the appear-
ance of yet another embodiment of the heating fur-
nace according to the present invention.
Fig. 19A is a cross-section view along I-I’ in Fig. 18.
Fig. 19B is a cross-section view along J-J’ in Fig. 18.
Fig. 19C is a cross-section view along K-K’ in Fig. 18.
Fig. 20 is a perspective view illustrating the appear-
ance of yet another embodiment of the heating fur-
nace according to the present invention.
Fig. 21A is a cross-section view along L-L’ in Fig. 20.
Fig. 21B is a cross-section view along M-M’ in Fig. 20.
Fig. 22 is a perspective view illustrating the appear-
ance of yet another embodiment of the heating fur-
nace according to the present invention.
Fig. 23A is a cross-section view along N-N’ in Fig. 22.
Fig. 23B is a cross-section view along O-O’ in Fig. 22.

[Mode for Carrying out the Invention]

[0013] Hereinafter, embodiments of the present inven-
tion will be described with reference to the drawings. The
present invention is not limited to the following embodi-
ments; moreover, modifications, corrections, and im-
provements can be added thereto without departing from
the scope of the present invention.

1. Combustion apparatus:

[0014] Fig. 1 is a pattern diagram of an embodiment
of the combustion apparatus according to the present
invention. A combustion apparatus 500a of the present
embodiment comprises a combustion part 100 and a reg-
ulated gas through channel part 200.
[0015] As illustrated in the drawing, a combustion part
100 of the combustion apparatus 500a according to the
present embodiment comprises a cylindrical inner wall
130. This cylindrical inner wall 130 includes one end nar-
rowed to a tapered shape, the front tip of which is opened
to be made into a combustion gas outlet 70. In addition,
another end of the cylindrical inner wall 130 on the op-
posite side of the combustion gas outlet 70 is closed by
an end wall 140. Thus, the space surrounded by the cy-
lindrical inner wall 130 and the end wall 140 becomes a
combustion space 10.
[0016] The combustion part 100 of the combustion ap-
paratus 500a according to the present embodiment in-
cludes the end wall 140 to which one combustible gas
inlet 30 and two air inlets 50 are opened. A combustible
gas and air flow into the combustion space 10 from each
of these combustible gas inlet 30 and air inlet 50.
[0017] The combustion part 100 of the combustion ap-
paratus 500a according to the present embodiment burns
the combustible gas and the air by flowing the combus-

tible gas and the air into the combustion space 10 to
generate a high-temperature combustible gas. Subse-
quently, the high-temperature combustion gas generated
in the combustion space 10 of the combustion part 100
is discharged from the combustion gas outlet 70 outside.
[0018] The regulated gas through channel part 200 of
the combustion apparatus 500a according to the present
embodiment comprises a regulated gas outlet 150, from
which a regulated gas prepared to contain a desired com-
position is discharged outside.
[0019] As illustrated in the drawing, according to the
combustion apparatus 500a of the present embodiment,
the combustion gas outlet 70 and the regulated gas outlet
150 are adjacent to each other, and the regulated gas
outlet 150 is opened toward the combustion gas just after
being discharged from the combustion gas outlet 70.
Thus, when the combustion gas outlet 70 and the regu-
lated gas outlet 150 are adjacent to each other, and the
regulated gas outlet 150 is opened toward the combus-
tion gas just after being discharged from the combustion
gas outlet 70, it becomes possible to immediately mix
the combustion gas discharged from the combustion gas
outlet 70 with the regulated gas discharged from the reg-
ulated gas outlet 150. As a result, according to the com-
bustion apparatus 500a of the present embodiment, it
becomes possible to discharge a high-temperature gas
with a uniform composition outside.
[0020] In addition, according to the combustion appa-
ratus 500a of the present embodiment, when the regu-
lated gas is discharged from the regulated gas outlet 150
at a high speed, it also becomes possible to add a force
to the high-temperature gas flow with a uniform compo-
sition generated together with the combustion gas dis-
charged from the combustion gas outlet 70. Therefore,
even if the combustion gas is discharged from the com-
bustion gas outlet 70 at a low speed, it becomes possible
to vigorously discharge the high-temperature gas by us-
ing the speed of the regulated gas discharged from the
regulated gas outlet 150.
[0021] Furthermore, as with the combustion apparatus
500a of the present embodiment, the regulated gas outlet
150 is preferably opened annularly; moreover, the com-
bustion gas outlet 70 is preferably provided inside the
ring of this regulated gas outlet 150 (for example, refer
to Fig. 3 and Fig. 4). This structure allows the combustion
gas to be discharged in a manner of being surrounded
by the regulated gas. As a result, it becomes possible to
more effectively bring out the abovementioned quick ho-
mogenization of a gas by mixing the combustion gas with
the regulated gas and the abovementioned action for vig-
orously discharging a high-temperature gas using the
speed of the regulated gas.
[0022] Furthermore, as flames generated by the com-
bustion space 10 and the regulated gas are partitioned
by the inner wall 130 according to the combustion appa-
ratus 500a of the present embodiment, if the regulated
gas is an ignitable gas, ignition of the regulated gas can
be prevented. In addition, according to the combustion
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apparatus 500a of the present embodiment, even when
the regulated gas has an anti-inflammatory action, as the
flames and the regulated gas are partitioned, the flames
can be maintained.
[0023] Fig. 2 is a cross-section view along A-A’ in Fig.
1. As illustrated in the drawing, the combustion apparatus
500a of the present embodiment is structured to contain
the cylindrical inner wall 130 inside a cylindrical outer
wall 170. In other words, the combustion apparatus 500a
of the present embodiment comprises a structure in
which the regulated gas through channel part 200 sur-
rounds the combustion part 100 as seen from a cross-
section view crossing the combustion part 100 and the
regulated gas through channel part 200.
[0024] According to the combustion apparatus 500a of
the present embodiment, the regulated gas through
channel part 200 is formed by a double cylindrical struc-
ture composed of the cylindrical inner wall 130 and the
cylindrical outer wall 170 housing this inner wall 130 con-
tained therein. The regulated gas flows through the space
between the inner wall 130 and the outer wall 170.
[0025] In addition, as illustrated in Fig. 1 and Fig. 2,
the cylindrical inner wall 130 and cylindrical outer wall
170 are preferably formed into a tapered shape that is
reduced as they extend downstream of flows of the com-
bustion gas and the regulated gas, in other words, as
they extend to the combustion gas outlet 70 and the reg-
ulated gas outlet 150. Thus, in the case of making the
cylindrical inner wall 130 and the cylindrical outer wall
170 into a taper shape, the speed of the combustion gas
when passing through the combustion gas outlet 70 and
the speed of the regulated gas when passing through the
regulated gas outlet 150 is increased. As a result, it is
possible to more effectively bring about the quick homog-
enization of a gas by mixing the combustion gas with the
regulated gas and the action for vigorously discharging
a high-temperature gas.
[0026] Fig. 3 is a plan view of a modified example of
the regulated gas outlet 150 in the combustion apparatus
500a according to the present embodiment. As illustrated
in the drawing, according to the combustion apparatus
500a of the present embodiment, the ring of the regulated
gas outlet 150 is preferably partitioned peripherally into
a plurality of zones by providing partitions (rectification
members 155) formed in the annular regulated gas outlet
150 radially from the center of the ring. Thus, when the
partitions (rectification members 155) are provided, the
flow of the regulated gas can be easily rectified to have
a desired state; moreover, as the partitions (rectification
members 155) serve as braces, the structural strength
of the regulated gas outlet 150 can be enhanced.
[0027] Fig. 4 is a plan view of a combustion gas outlet
and a regulated gas outlet of another embodiment of the
combustion apparatus according to the present inven-
tion. As illustrated in the drawing, the combustion appa-
ratus 500b of the present embodiment comprises four
regulated gas outlets 150a to 150d. Furthermore, these
four regulated gas outlets 150a to 150d are arranged one

after another such that they surround the combustion gas
outlet 70. Such a structure is preferable as the regulated
gas is discharged such that it surrounds the combustion
gas. That is to say, it becomes possible to more effec-
tively bring out the abovementioned homogenization of
a gas by mixing the combustion gas with the regulated
gas, and the abovementioned action for vigorously dis-
charging a high-temperature gas using the speed of the
regulated gas.
[0028] Incidentally, according to the combustion appa-
ratus 500b of the present embodiment, the combustion
part 100 and the regulated gas through channel parts
200a to 200d are not an integrated structure but separate
structures, respectively.
[0029] Fig. 5 is a pattern diagram illustrating yet anoth-
er embodiment of the combustion apparatus according
to the present invention. Fig. 6 is a cross-section view
along B-B’ in Fig. 5. In a combustion apparatus 500c of
the present embodiment, a partition member 350 is pro-
vided inside of a combustion space 10 of a combustion
part 100. The partition member 350 of the combustion
apparatus 500c according to the present embodiment is
a planar member connected to an end wall 140, and said
planar member being expanded axially (in the X direc-
tion) to the middle portion of the combustion part 100.
[0030] As illustrated in the drawing, in the combustion
apparatus 500c according to the present embodiment,
the combustion space 10 on the side of the end wall 140
(the upstream side of the gas flow) is divided into a first
space 400 and a second space 450 by this partition mem-
ber 350.
[0031] In the combustion apparatus 500c of the
present embodiment, as a combustible gas inlet 30 and
an air inlet 50 are opened in the first space 400, it is
possible to generate a combustion gas by burning a com-
bustion gas and air in this first space 400.
[0032] On the other hand, in the combustion apparatus
500c of the present embodiment, as an air spouting port
300 is opened in the second space 450, air is spouted
into this second space 450. The air spouting port 300 is
provided such that air is spouted in the direction of a
combustion gas outlet 70 (in the X direction in the com-
bustion apparatus 500c of the present embodiment). In
the present specification, "the air spouting port 300 is
provided such that it spouts air in the direction of the
combustion gas outlet 70" means that the air spouting
port 300 is opened toward the combustion gas outlet 70
when the air spouting port 300 linearly communicates
with the combustion gas outlet 70; moreover, the air
spouting port 300 is opened in the direction that a fluid
(air) flows from the air spouting port 300 to the combus-
tion gas outlet 70 (the direction from upstream of the fluid
flow toward downstream thereof) when the air spouting
port 300 does not linearly communicate with the com-
bustion gas outlet 70 (for example, when the combustion
part 100 is formed in a curved shape).
[0033] The combustion apparatus 500c of the present
embodiment can separate the combustible gas flowed
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from the gas inlet 30 into the combustion space 10, the
air flowed from the air inlet 50 into the combustion space
10, and flames generated by the combustion of said air
and the combustible gas, from the air spouted from air
spouting port 300 into combustion space 10 by providing
such a partition member 350. As a result, since it is pos-
sible to prevent the air spouted from the air spouting port
300 from being mixed into flames, a ratio between the
combustible gas and air (the air flowed from air inlet 50)
can be kept at a constant ratio appropriate for combus-
tion, making it possible to successfully achieve combus-
tion.
[0034] As illustrated in the drawing, as the provided
partition member 350 extends only until a middle part of
the combustion part 100 in the combustion apparatus
500c of the present embodiment, it is possible to mix the
combustion gas generated in the first space 400 with the
air flowed through the second space 450 in the combus-
tion space 10 on the side of the combustion gas outlet
70 (the downstream side of the gas flow). Here, in the
case of spouting air from the air spouting port 300 at a
high speed, it is possible to successfully mix the air spout-
ed from the air spouting port 300 with a combustion gas
in the combustion space 10 on the side of the combustion
gas outlet 70 (the downstream side of the gas flow). Fur-
thermore, as the force of the high-speed air spouted from
the air spouting port 300 is added to the combustion gas,
it becomes possible to vigorously feed the combustion
gas to the combustion gas outlet 70. As a result, it be-
comes possible to vigorously discharge a high-temper-
ature gas from the combustion apparatus 500c of the
present embodiment.
[0035] Fig. 7 is a pattern diagram of another embodi-
ment of the combustion part of the combustion apparatus
according to the present invention. As illustrated in the
drawing, in a combustion part 100a of the present em-
bodiment, a partition member 350a comprises a bowl
part 390 formed in a cup shape and a support part 370
for fixing the bowl part 390 on a side wall 140. The bowl
part 390 of the present embodiment is provided with a
cylindrical side wall 397 and a bottom wall 395 that closes
one end of said cylindrical shape formed by this side wall
397. According to the present embodiment, the bowl part
390 is fixed in a combustion space 10 by being connected
to a support part 370 via the bottom wall 395. In addition,
according to the present embodiment, the cylindrical
shape of the bowl part 390 extends toward a combustion
gas outlet 70, while an open end 393 located at a front
end of said cylindrical shape (the end on the opposite
side of the bottom wall 395) is opened in the direction
toward the combustion gas outlet 70 (in the X direction).
[0036] In the present specification, "a combustion gas
is opened from the open end 393 toward the combustion
gas outlet 70" means that the open end 393 is opened
toward the combustion gas outlet 70 when the open end
393 linearly communicates with the combustion gas out-
let 70; moreover, the open end 393 is opened in the di-
rection that a fluid (combustion gas) flows from the open

end 393 to the combustion gas outlet 70 (the direction
from upstream of the fluid flow toward the downstream
thereof) when the open end 393 does not linearly com-
municate with the combustion gas outlet 70 (for example,
when the combustion part 100 is formed in a curved
shape).
[0037] Fig. 8 is a cross-section view along C-C’ in Fig.
7. As illustrated in the drawing, a combustible gas through
channel 380 and an air through channel 385 are provided
inside the support part 370. As illustrated in Fig. 7, this
combustible gas through channel 380 and the air through
channel 385 penetrate through the end wall 140, the sup-
port part 370, and the bottom wall 395 of the bowl part
390.
[0038] Therefore, in the combustion part 100a of the
present embodiment, the combustible gas inlet 30 and
the air inlet 50 are opened to the bottom wall 395 of the
bowl part 390 of the partition member 350a, enabling the
generation of a combustion gas by burning a combustible
gas and air inside the cup-shaped bowl part 390. The
combustion gas thus generated is discharged from the
open end 393 of the bowl part 390 toward the combustion
gas outlet 70.
[0039] Fig. 9 is a cross-section view along D-D’ in Fig.
7. In the combustion part 100a of the present embodi-
ment, the combustion space 10 is partitioned into the first
space 400 and the second space 450 by the side wall
397 of the bowl part 390. In other words, the inside of the
cylindrical side wall 397 of the bowl part 390 becomes
the first space 400, while the outside of the side wall 397
becomes the second space 450.
[0040] In addition, as illustrated in Fig. 7, in the com-
bustion part 100a of the present embodiment, the air
spouting port 300 is opened on the end wall 140 more
laterally than the partition member 350a. Thereby, it be-
comes possible to flow air spouted from the air spouting
port 300 along the outer periphery of the side wall 397
of the bowl part 390 of the partition member 350a. Thus,
by using the force of the air flowing along the outer pe-
riphery of the side wall 397 of the bowl part 390, the com-
bustion gas discharged from the open end 393 of the
bowl part 390 can be securely fed to the combustion gas
outlet 70.
[0041] Although not illustrated, in the combustion part
100a of the present embodiment, with the object of se-
curely feeding a combustion gas to the combustion gas
outlet 70, a plurality of air spouting ports 300 are prefer-
ably provided on the end wall 140; furthermore, the plu-
rality of air spouting ports 300 are preferably formed such
that they surrounds the periphery of the partition member
350a (periphery of the support part 370).
[0042] Fig. 10 is a pattern diagram of the periphery of
the combustion gas outlet and the regulated gas outlet
of an embodiment of the combustion apparatus accord-
ing to the present invention. A combustion apparatus
500d of the present embodiment is provided with a cy-
lindrical combustion part 100 and the cylindrical regulat-
ed gas through channel part 200. Furthermore, in the
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combustion apparatus 500d of the present embodiment,
the cylindrical regulated gas through channel part 200
extends while intersecting the discharge direction of a
combustion gas (X direction) from a combustion gas out-
let 70 of the combustion part 100 at an angle of 45 de-
grees. In the combustion apparatus 500d of the present
embodiment, a regulated gas outlet 150 is opened such
that the regulated gas discharged from the regulated gas
outlet 150 is obliquely spouted to the combustion gas just
after being discharged from the combustion gas outlet
70 at an angle of 45 degrees. It becomes possible to
securely provide quick homogenization of a gas by mix-
ing the combustion gas with the regulated gas via ob-
liquely spouting the regulated gas to the combustion gas
in this way.
[0043] Furthermore, in the combustion apparatus 500d
of the present embodiment, the combustion gas outlet
70 and the regulated gas outlet 150 are adjacent to each
other in intervals. Thus, in the combustion apparatus of
the present invention, as long as it is possible to quickly
mix the combustion gas just after being discharged from
the combustion gas outlet with the regulated gas just after
being discharged from the regulated gas outlet, the com-
bustion gas outlet and the regulated gas outlet are not
necessarily closely located.
[0044] Fig. 11 is a pattern diagram of the periphery of
a combustion gas outlet and a regulated gas outlet of an
embodiment of the combustion apparatus according to
the present invention. A combustion apparatus 500e of
the present embodiment comprises the cylindrical com-
bustion part 100 and the cylindrical regulated gas through
channel part 200. Furthermore, in the combustion appa-
ratus 500e of the present embodiment, the cylindrical
regulated gas through channel part 200 extends while
intersecting the discharge direction of a combustion gas
(X direction) from the combustion gas outlet 70 of the
combustion part 100 at an angle of 90 degrees. As illus-
trated in the drawing, in the combustion apparatus 500e
of the present embodiment, opposing regulated gas
through channel parts 200 are opened in front of the com-
bustion gas outlet 70 such that respective regulated gas
outlets 150 face each other. Consequently, the combus-
tion apparatus 500e of the present embodiment can
spout a regulated gas such that it interposes the com-
bustion gas just being discharged from the combustion
gas outlet 70. As a result, it becomes possible to facilitate
quick homogenization of a gas by mixing the combustion
gas with the regulated gas.
[0045] Here, the angle made by the discharge direction
of the combustion gas from the combustion gas outlet 70
of the combustion part 100 (X direction) and the dis-
charge direction of the regulated gas discharged from
the regulated gas outlet 150 is preferably 5 to 90 degrees,
more preferably 10 to 70 degrees, and most preferably
15 to 50 degrees, with the object of securely achieving
quick homogenization of a gas by mixing the combustion
gas with the regulated gas.
[0046] The angle made by the abovementioned dis-

charge direction of combustion gas outlet 70 (X direction)
and the discharge direction of the regulated gas outlet
150 is defined such that the front end of the combustion
gas outlet 70 has a short tubular structure (the length of
said tubular structure is no more than four times the width
of combustion gas outlet 70); moreover, the same can
be applied even when said short tubular structure is pro-
vided to extend in the discharge direction of a combustion
gas (X direction) (the shortness of the abovementioned
tubular structure should be within the acceptable range
to the extent that it does not prevent quick homogeniza-
tion of a gas). When the length of the abovementioned
short tubular structure is no more than four times the
width of the combustion gas outlet 70, it is possible to
quickly homogenize a gas without allowing reflux of the
regulated gas discharged from regulated gas outlet 150
by the combustion gas discharged from the combustion
gas outlet 70. In addition, when the length of the above-
mentioned short tubular structure is no more than four
times the width of the combustion gas outlet 70, the com-
bustion gas once discharged from the combustion gas
outlet 70 is prevented from flowing backward again into
the combustion gas outlet 70 by receiving the regulated
gas flow, thereby enabling quick homogenization of a
gas.
[0047] The aforementioned combustion apparatus
500 can be used, for example, for the following heating
furnace.

2. Heating furnace:

[0048] Fig. 12 is a pattern diagram of an embodiment
of a heating furnace according to the present invention.
As illustrated in the drawing, a heating furnace 800a of
the present embodiment comprises the abovementioned
combustion apparatus 500 and a housing chamber 650.
The housing chamber 650 of the heating furnace 800a
according to the present embodiment comprises a hous-
ing space 600 surrounded by furnace walls 630. A com-
bustion gas outlet 70 and a regulated gas outlet 150 of
the combustion apparatus 500 are opened to this housing
space 600 from the furnace wall 630. This makes it pos-
sible to discharge a high-temperature gas adjusted to
contain a desired composition from the combustion ap-
paratus 500 into the housing space 600 of the housing
chamber 650. As a result, it becomes possible to quickly
homogenize the atmosphere in the housing space 600
of the housing chamber 650 into the desired composition
while elevating the atmospheric temperature.
[0049] Furthermore, according to the heating furnace
800a of the present embodiment, by using the above-
mentioned combustion apparatus 500, it becomes pos-
sible to discharge a high-temperature gas with a uniform
composition into the housing space 600 of the housing
chamber 650. Therefore, it is possible to prevent the com-
positions of the atmosphere in the housing space 600 of
the housing chamber 650 from widely varying according
to locations (for example, it is possible to prevent the
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compositions of the atmosphere from widely differing in
the upper and lower parts in the housing space 600 of
the housing chamber 650).
[0050] In addition, in the heating furnace 800a of the
present embodiment, a temperature measuring part 670
is provided on the surface of a furnace wall 630 placed
on the exact opposite side of the furnace wall 630 to
which the combustion gas outlet 70 and regulated gas
outlet 150 are opened, in other words, at the location
opposite the combustion gas outlet 70 and the regulated
gas outlet 150. Thus, it becomes possible to more accu-
rately measure the atmospheric temperature throughout
the housing space 600 by providing the temperature
measuring part 670 on the surface of the furnace wall
630 placed on the exact opposite side of the furnace wall
630 to which the combustion gas outlet 70 and the reg-
ulated gas outlet 150 are opened.
[0051] Furthermore, the heating furnace 800a of the
present embodiment is provided with an inflow regulation
means 690. According to this inflow regulation means
690, it becomes possible to change the volume of flames
by increasing and decreasing the inflow of the combus-
tible gas from combustible gas inlet 30 and the inflow of
air from air inlet 50 based on the atmospheric tempera-
ture in the housing space 600 measured by the temper-
ature measuring part 670. Due to such actions of the
temperature measuring part 670 and the inflow regulation
means 690, in the heating furnace 800a of the present
embodiment, it becomes possible to more accurately ad-
just the atmospheric temperature in the housing space
600 of the housing chamber 650 by freely adjusting the
amount of heat radiated from the combustion apparatus
500.
[0052] Fig. 13 is a pattern diagram of another embod-
iment of the heating furnace according to the present
invention. A heating furnace 800b of the present embod-
iment is provided with a plurality (specifically, three) of
combustion apparatuses 550a to 550c. Furthermore, the
heating furnace 800b of the present embodiment is pro-
vided with three combustion apparatuses 550a to 550c
on the upper, middle, and lower parts of the housing
chamber 650, respectively. As illustrated in the drawing,
these three combustion apparatuses 550a to 550c hori-
zontally discharge a high-temperature gas into the hous-
ing space 600.
[0053] In addition, the heating furnace 800b of the
present embodiment is provided with a plurality (specif-
ically, three) of temperature measuring parts 670a to
670c. Furthermore, each of these temperature measur-
ing parts 670a to 670c is provided on the upper, middle,
and lower parts of the furnace wall 630 on the opposite
side of the side on which the combustion apparatuses
550a to 550c are provided.
[0054] Particularly, in the heating furnace 800b of the
present embodiment, the temperature measuring part
670a is provided at the location opposite a combustion
gas outlet 75a and a regulated gas outlet 160a of the
combustion apparatus 550a; the temperature measuring

part 670b is provided at the location opposite a combus-
tion gas outlet 75b and a regulated gas outlet 160b of
the combustion apparatus 550b; and the temperature
measuring part 670c is provided at the location opposite
a combustion gas outlet 75c and a regulated gas outlet
160c of the combustion apparatus 550c. Accordingly, the
temperature measuring part 670a can more accurately
measure the atmospheric temperature mainly affected
by a high-temperature gas discharged from the combus-
tion apparatus 550a; the temperature measuring part
670b can more accurately measure the atmospheric tem-
perature mainly affected by a high-temperature gas dis-
charged from the combustion apparatus 550b; and the
temperature measuring part 670c can more accurately
measure the atmospheric temperature mainly affected
by a high-temperature gas discharged from the combus-
tion apparatus 550c.
[0055] Subsequently, in the heating furnace 800b of
the present embodiment, each of three inflow regulation
means 690a to 690c can increase and decrease an inflow
of the combustible gas as well as an inflow of air from
the air inlet in the combustion apparatuses 550a to 550c
based on the atmospheric temperature in the housing
space 600 measured by the temperature measuring
parts 670a to 670c.
[0056] In the combustion apparatus 800b of the
present embodiment, the inside of the housing space 600
of the housing chamber 650 is divided into three parts,
namely, the upper, middle, and lower parts, making it
possible to control the atmospheric temperature in the
upper part in the housing space 600 by the combustion
apparatus 550a, the temperature measuring part 670a,
and inflow regulation means 690a. In addition, the at-
mospheric temperature in the middle part in the housing
space 600 is controlled by the combustion apparatus
550b, the temperature measuring part 670b, and the in-
flow regulation means 690b. Further, the atmospheric
temperature in the lower part in the housing space 600
is controlled by the combustion apparatus 550c, the tem-
perature measuring part 670c, and the inflow regulation
means 690c. In other words, in the combustion apparatus
800b of the present embodiment, the inside of the hous-
ing space 600 of the housing chamber 650 is zoned into
three parts, namely, the upper, middle, and lower parts,
making it possible to individually control the atmospheric
temperature in each of these three parts. As a result, in
the combustion apparatus 800b of the present embodi-
ment, it becomes possible to more securely homogenize
the atmospheric temperature in the housing space 600
of the housing chamber 650.
[0057] Fig. 14 is a perspective view illustrating the ap-
pearance of an embodiment of the heating furnace ac-
cording to the present invention. As illustrated in the
drawing, in a heating furnace 800c of the present em-
bodiment, the combustion apparatus 550a is provided
on the upper part of the housing chamber 650, while the
combustion apparatus 550c is provided on the lower part
thereof. Furthermore, in the heating furnace 800c of the
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present embodiment, the combustion apparatus 550a
and the combustion apparatus 550c are provided in a
row I and a row II aligned in the longitudinal direction Y
of the housing chamber 650.
[0058] Fig. 15A is a cross-section view along E-E’ in
Fig. 14. As illustrated in the drawing, the combustion ap-
paratus 550a and the combustion apparatus 550c are
each provided in the row I in the heating furnace 800c of
the present embodiment. The combustion apparatus
550a is provided on the upper part of the furnace wall
630 on a side R in this row I, while the combustion gas
outlet 75a and the regulated gas outlet 160a of this com-
bustion apparatus 550a are opened to the furnace wall
630 on a side L of the opposite side. Furthermore, the
combustion apparatus 550c is provided on the lower part
of the furnace wall 630 on the side L in the row I of heating
furnace 800c according to the present embodiment, while
the combustion gas outlet 75c and the regulated gas out-
let 160c of this combustion apparatus 550c are opened
toward the furnace wall 630 on the side R of the opposite
side.
[0059] Furthermore, although not illustrated here, the
combustion apparatuses 550a, 550c are provided in the
row II of the housing chamber 650 in the heating furnace
800c of the present embodiment while the side L and the
side R in row I symmetrically mirror inverted (in the row
II, the combustion apparatus 550a is provided on the up-
per part of the side L, while the combustion apparatus
550c is provided on the lower part of the side R).
[0060] Fig. 15B is a cross-section view along F-F’ in
Fig. 14. This F-F’ cross-section view corresponds to the
middle part between the row I and the row II. As illustrated
in the drawing, the combustion apparatuses 550a, 550c
are not placed in this cross-section view along F-F’
whereas the temperature measuring part 670 is provided
on the center part of the furnace wall 630 on the side R.
In other words, the temperature measuring part 670 is
provided on the furnace wall 630 opposite to the com-
bustion gas outlets 75c, 75a along with the regulated as
outlets 160c, 160a of the combustion apparatus 550c in
the row I and the combustion apparatus 550a in the row
II. The inflow regulation means 690 increases and de-
creases the inflow of a combustible gas and the inflow
of air from the air inlet in the combustion apparatuses
550a, 550c in the row I and the combustion apparatuses
550a, 550c in the row II based on the atmospheric tem-
perature measured by this temperature measuring part
670.
[0061] Incidentally, in the heating furnace 800c of the
present embodiment, the combustion apparatuses 550a,
550c are provided on the upper and lower parts of the
housing chamber 650; however, for example, the com-
bustion apparatus 550 may be provided on each of the
upper, middle, and lower parts of the housing chamber
650.
[0062] Fig. 16 is a perspective view illustrating the ap-
pearance of another embodiment of the heating furnace
according to the present invention. As illustrated in the

drawing, in a heating furnace 800d of the present em-
bodiment, the combustion apparatus 550a is provided
on the upper part of the housing chamber 650, while the
combustion apparatus 550c is provided on the lower part
thereof. Furthermore, in the heating furnace 800d of the
present embodiment, the combustion apparatus 550a
and the combustion apparatus 550c are provided in the
rows I to III aligned in the longitudinal direction Y of the
housing chamber 650.
[0063] Fig. 17A is a cross-section view along G-G’ in
Fig. 16. As illustrated in the drawing, the combustion ap-
paratus 550a and the combustion apparatus 550c are
each provided in the row I in the heating furnace 800d of
the present embodiment.
[0064] The combustion apparatus 550a is provided on
the upper part of the furnace wall 630 on the side R in
the row I of the housing chamber 650 in the heating fur-
nace 800d according to the present embodiment, while
the combustion gas outlet 75a and the regulated gas out-
let 160a of this combustion apparatus 550a are opened
toward the furnace wall 630 on the side L of the opposite
side. Furthermore, the temperature measuring part 670a
is provided on the upper part of the furnace wall 630 on
the side L opposite to this combustion gas outlet 75a and
the regulated gas outlet 160a. The inflow regulation
means 690a increases and decreases the inflow of a
combustible gas and the inflow of air from the air inlet in
the combustion apparatuses 550a based on the atmos-
pheric temperature measured by this temperature meas-
uring part 670a.
[0065] In addition, the combustion apparatus 550c is
provided on the lower part of the furnace wall 630 on the
side L in the row I of the housing chamber 650 in the
heating furnace 800d of the present embodiment, while
the combustion gas outlet 75c and the regulated gas out-
let 160c of this combustion apparatus 550c are opened
toward the furnace wall 630 on the side R of the opposite
side. Furthermore, the temperature measuring part 670c
is provided on the lower part of the furnace wall 630 on
the side R opposite to this combustion gas outlet 75c and
the regulated gas outlet 160c. The inflow regulation
means 690c increases and decreases the inflow of a
combustible gas and the inflow of air from the air inlet in
the combustion apparatus 550c based on the atmospher-
ic temperature measured by this temperature measuring
part 670c.
[0066] It becomes possible to mix a high-temperature
gas flowing from the side R to the side L with a high-
temperature gas flowing from the side L to the side R by
alternating the direction of flowing a high-temperature
gas of a desired composition between the upper and low-
er parts in the housing space 600 of the housing chamber
650 like the row I of the housing chamber 650 in the
heating furnace 800d of the present embodiment. As a
result, it becomes securely possible to evenly elevate the
atmospheric temperature while quickly homogenizing
the atmosphere in the housing space 600 of the housing
chamber 650 into a desired composition.
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[0067] Fig. 17B is a cross-section view along H-H’ in
Fig. 16. The combustion apparatuses 550a, 550c and
the temperature measuring parts 670a, 670c are provid-
ed in the row II of the housing chamber 650 in the heating
furnace 800d of the present embodiment such that the
side L and the side R in the row I are symmetrically mirror
inverted for understanding Fig. 17B via a comparison with
Fig. 17A. Incidentally, although not illustrated here, the
combustion apparatuses 550a, 550c and the tempera-
ture measuring parts 670a, 670c are provided in the row
III of the housing chamber 650 in the heating furnace
800d of the present embodiment with the same arrange-
ment as that of the row I.
[0068] In short, in the housing chamber 650 of the heat-
ing furnace 800d of the present embodiment, the first
area (the row I, row III), in which the combustion appa-
ratus 550a is provided on the upper part of the furnace
wall 630 on the side R and the combustion apparatus
550c is provided on the lower part of the furnace wall 630
on side L, and the second area (the row II), in which the
combustion apparatus 550a is provided on the upper part
of the furnace wall 630 on the side L and the combustion
apparatus 550c is provided on the lower part of the fur-
nace wall 630 on the side R, are alternately arranged in
the longitudinal direction Y of the housing chamber 650.
For the case in which the first area and the second area
are thus arranged, it becomes securely possible to evenly
elevate the atmospheric temperature while quickly ho-
mogenizing the atmosphere in the housing space 600 of
the housing chamber 650 into a desired composition.
[0069] Fig. 18 is a perspective view illustrating the ap-
pearance of yet another embodiment of the heating fur-
nace according to the present invention. Furthermore,
each of Figs. 19A to 19C are cross-section views along
I-I’, J-J’ , and K-K’ in Fig. 18. A heating furnace 800e of
the present embodiment corresponds to a further modi-
fied example of the abovementioned heating furnace
800d. As understood from Fig. 18 and Figs. 19A to 19C,
in the housing chamber 650 of the heating furnace 800e
of the present embodiment, the first area (the row I, row
IV), in which the combustion apparatus 550a is provided
on the upper part of the furnace wall 630 on the side R
and the combustion apparatus 550c is provided on the
lower part of the furnace wall 630 on the side L, and the
second area (the rows II to III, row V), in which the com-
bustion apparatus 550a is provided on the upper part of
the furnace wall 630 on the side L and the combustion
apparatus 550c is provided on the lower part of the fur-
nace wall 630 on the side R, are alternately arranged in
the longitudinal direction Y of the housing chamber 650.
[0070] Incidentally, in the heating furnace 800e of the
present embodiment, one second area is composed of
the row II and the row III. Therefore, in the heating furnace
800d of the present embodiment, the second area com-
posed of the row II and the row III comprises two com-
bustion apparatuses 550a and two combustion appara-
tuses 550c, respectively (four apparatuses in total),
whereas the second area composed of the row V com-

prises the combustion apparatus 550a and the combus-
tion apparatus 550c each (two apparatuses in total) . In
this way, in the same heating furnace 800e, the number
of the combustion apparatuses 550a and the combustion
apparatuses 550c may differ for each second area. It is
defined that, as long as the first and second areas satisfy
the arrangement regularity of the combustion apparatus
550a, 550c and the temperature measuring parts 670a,
670c [the first area: the combustion apparatus 550a on
the upper part of the furnace wall 630 on the side R and
the combustion apparatus 550c on the lower part of the
furnace wall 630 on the side L, and the second area: the
combustion apparatus 550a on the upper part of the fur-
nace wall 630 on the side L, the combustion apparatus
550c on the lower part of the furnace wall 630 on the side
R], along with the inflow regulation means 690a, 690c
carrying out specific control, the number of combustion
apparatuses 550a, 550c, temperature measuring parts
670a, 670c, and inflow regulation means 690a, 690c are
not particularly limited.
[0071] In addition, the combustion apparatus 550a and
the combustion apparatus 550c along with the tempera-
ture measuring part 670a and the temperature measuring
part 670c may not be provided on the same plane at a
particular position in the longitudinal direction Y of the
housing chamber 650. In other words, the first and the
second areas may have appropriate widths in the longi-
tudinal direction Y of the housing chamber 650; moreo-
ver, it is defined that the combustion apparatus 550a and
the combustion apparatus 550c along with the tempera-
ture measuring part 670a and the temperature measuring
part 670c may be provided within these widths according
to the abovementioned arrangement regularity.
[0072] Fig. 20 is a perspective view illustrating the ap-
pearance of yet another embodiment of the heating fur-
nace according to the present invention. Furthermore,
Fig. 21A is a cross-section view along L-L’ in Fig. 20,
while Fig. 21B is a cross-section view along M-M’ in Fig.
20. A heating furnace 800f of the present embodiment
corresponds to yet another modified example of the
abovementioned heating furnace 800d. As is understood
from Fig. 20, Fig. 21A, and Fig. 21B, in the housing cham-
ber 650 in the heating furnace 800f according to the
present embodiment, the first area (the row I, row III, and
row V), in which the combustion apparatus 550a is pro-
vided on the upper part of the furnace wall 630 on the
side R and the combustion apparatus 550c is provided
on the lower part of the furnace wall 630 on the side L,
and the second area (the rows II, IV), in which the com-
bustion apparatus 550a is provided on the upper part of
the furnace wall 630 on the side L and the combustion
apparatus 550c is provided on the lower part of the fur-
nace wall 630 on the side R, are alternately arranged in
the longitudinal direction Y of the housing chamber 650.
[0073] In the heating furnace 800f of the present em-
bodiment, all the first and the second areas comprise the
combustion apparatus 550a and the combustion appa-
ratus 550c each(two apparatuses in total), while the ver-
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tical arrangement of the combustion apparatus 550 is
exchanged in series for each row in the longitudinal di-
rection Y of the housing chamber 650.
[0074] The abovementioned heating furnace 800e is
different from the heating furnace 800f in that the number
of the combustion apparatuses in the second area (the
area located adjacent to the first area composed of the
row I) differs. Generally, in the heating furnace 800, the
variation in the atmospheric temperature in the housing
space 600 tends to differ depending on the size and the
arrangement of the object contained in the housing space
600. For example, in the case of using any of the heating
furnace 800e and the heating furnace 800f, taking into
consideration the tendency of the variation of the atmos-
pheric temperature in the housing space 600 depending
on the object, the heating furnace of either, suitable for
homogenization of the atmospheric temperature in the
housing space 600, may be applied.
[0075] Fig. 22 is a pattern diagram illustrating the ap-
pearance of yet another embodiment of the heating fur-
nace according to the present invention. As illustrated in
the drawing, in a heating furnace 800g of the present
embodiment, the combustion apparatus 550a is provided
on the upper part of the housing chamber 650, the com-
bustion apparatus 550b is provided on the middle part
thereof, and the combustion apparatus 550c is provided
on the lower part thereof. Furthermore, in the heating
furnace 800g of the present embodiment, the combustion
apparatuses 550a to 550c are provided in the rows I to
IV arranged in the longitudinal direction Y of the housing
chamber 650.
[0076] Fig. 23A is a cross-section view along N-N’ in
Fig. 22. As illustrated in the drawing, in the heating fur-
nace 800g of the present embodiment, the combustion
apparatuses 550a to 550c are each provided in the row I.
[0077] In the row I of the housing chamber 650 of the
heating furnace 800g according to the present embodi-
ment, the combustion apparatus 550a is provided on the
upper part of the furnace wall 630 on the side R, while
the combustion gas outlet 75a and the regulated gas out-
let 160a of this combustion apparatus 550a are opened
toward the furnace wall 630 on the side L of the opposite
side. Furthermore, the temperature measuring part 670a
is provided on the upper part of the furnace wall 630 on
the side L opposite to this combustion gas outlet 75a and
the regulated gas outlet 160a. The inflow regulation
means 690a increases and decreases the inflow of a
combustible gas and the inflow of air from the air inlet in
the combustion apparatus 550a based on the atmospher-
ic temperature measured by this temperature measuring
part 670a.
[0078] In addition, in the row I of the housing chamber
650 in the heating furnace 800g according to the present
embodiment, the combustion apparatus 550b is provided
on the middle part of the furnace wall 630 on the side L,
while the combustion gas outlet 75b and the regulated
gas outlet 160b of this combustion apparatus 550b are
opened toward the furnace wall 630 on the side R of the

opposite side. Furthermore, the temperature measuring
part 670b is provided on the middle part of the furnace
wall 630 on the side R opposite to this combustion gas
outlet 75b and the regulated gas outlet 160b. The inflow
regulation means 690b increases and decreases the in-
flow of a combustible gas and the inflow of air from the
air inlet in the combustion apparatus 550b based on the
atmospheric temperature measured by this temperature
measuring part 670b.
[0079] Furthermore, in the row I of the housing cham-
ber 650 in the heating furnace 800g according to the
present embodiment, the combustion apparatus 550c is
provided on the lower part of the furnace wall 630 on the
lower part of the side R, while the combustion gas outlet
75c and the regulated gas outlet 160c of this combustion
apparatus 550c are opened toward the furnace wall 630
on the side L of the opposite side. Furthermore, the tem-
perature measuring part 670c is provided on the lower
part of the furnace wall 630 on the side L opposite to this
combustion gas outlet 75c and the regulated gas outlet
160c. The inflow regulation means 690c increases and
decreases the inflow of a combustible gas and the inflow
of air from the air inlet in the combustion apparatus 550c
based on the atmospheric temperature measured by this
temperature measuring part 670c.
[0080] It becomes possible to mix a high-temperature
gas flowing from the side R to side L with a high-temper-
ature gas flowing from the side L to side R by alternating
the flow directions of high-temperature gases with a de-
sired composition among the upper, middle, and lower
parts in the housing space 600 of the housing chamber
650 as the row I of the housing chamber 650 in the heating
furnace 800g of the present embodiment. Furthermore,
as the heating furnace 800g of the present embodiment
is partitioned into three zones, namely, the upper, middle,
and lower parts compared to two zones, namely, the up-
per and lower parts such as abovementioned heating
furnaces 800d, 800e, the mixture of a high-temperature
gas in the housing space 600 is enhanced; moreover, it
becomes much securely possible to evenly elevate the
atmospheric temperature while quickly homogenizing
the atmosphere in the housing space 600 of housing
chamber 650 into a desired composition.
[0081] Fig. 23B is a cross-section view along O-O’ in
Fig. 22. The combustion apparatuses 550a to 550c and
the temperature measuring parts 670a to 670c are pro-
vided in the row II of the housing chamber 650 in the
heating furnace 800g of the present embodiment such
that the side L and the side R in the row I are symmetrically
mirror inverted for understanding Fig. 23B via a compar-
ison with Fig. 23A. Incidentally, although not illustrated
here, the combustion apparatuses 550a to 550c and the
temperature measuring parts 670a to 670c are provided
in the row III of the housing chamber 650 in the heating
furnace 800g of the present embodiment in the same
arrangement as that of the row I. In addition, the com-
bustion apparatuses 550a to 550c and the temperature
measuring parts 670a to 670c are provided in the row IV
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likewise the row II.
[0082] In short, in the housing chamber 650 of the heat-
ing furnace 800g of the present embodiment, the first
area (the row I, row III), in which the combustion appa-
ratus 550a is provided on the upper part and the com-
bustion apparatus 550c is provided on the lower part of
the furnace wall 630 on the side R, while the combustion
apparatus 550b is provided on the middle part of the fur-
nace wall 630 on the side L, and the second area (row
II, row IV), in which the combustion apparatus 550a is
provided on the upper part and the combustion apparatus
550c is provided on the lower part of the furnace wall 630
on the side L, while the combustion apparatus 550b is
provided on the middle part of the furnace wall 630 on
the side R, are alternately arranged in the longitudinal
direction Y of the housing chamber 650. For the case in
which the first area and the second area are thus ar-
ranged, it becomes much securely possible to evenly el-
evate the atmospheric temperature while quickly homog-
enizing the atmosphere in the housing space 600 of the
housing chamber 650 into a desired composition.
[0083] The heating furnaces 800a to 800g belonging
to the abovementioned embodiments of the present in-
vention are preferably used for heat treatment when man-
ufacturing ceramic products and metallic products. This
is because ceramic products and metallic products are
encouraged to strictly manage the amount of heat to be
provided during heat treatment and the atmospheric
composition during heating.

[Industrial applicability]

[0084] The present invention can be used as a com-
bustion apparatus and a heating furnace using the same.

[Explanation of the Symbols]

[0085] 10: combustion space, 30: combustible gas in-
let, 50: air inlet, 70: combustion gas outlet, 75a to 75c:
combustion gas outlet, 100, 100a: combustion part, 130:
inner wall, 140: end wall, 150, 150a to 150d: regulated
gas outlet, 155: rectification member, 160a to 160c: reg-
ulated gas outlet, 170: outer wall, 200, 200a to 200d:
regulated gas through channel part, 300: air spouting
port, 350, 350a: partition member, 370: support part, 380:
combustible gas through channel, 385: air through chan-
nel, 390: bowl part, 393: open end, 395: bottom wall, 397:
side wall, 400: first space, 450: second space, 500, 500a
to 500e: combustion apparatus, 550a to 550c: combus-
tion apparatus, 600: housing space, 630: furnace wall,
650: housing chamber, 670, 670a to 670c: temperature
measuring part, 690, 690a to 690c: inflow regulation
means, 800, 800a to 800g: heating furnace

Claims

1. A combustion apparatus, comprising:

a combustion part provided with:

a combustion space for generating a com-
bustion gas by burning a combustible gas
and air,
a combustible gas inlet opened to said com-
bustion space for allowing said combustible
gas to flow into said combustion space,
an air inlet opened to said combustion
space for allowing said air to flow into said
combustion space, and
a combustion gas outlet for discharging said
combustion gas outside; and

a regulated gas through channel part having a
regulated gas outlet for discharging a regulated
gas prepared into a desired composition out-
side, said regulated gas through channel part
being adjacent to said combustion gas outlet
and opened toward said combustion gas just af-
ter being discharged from said combustion gas
outlet.

2. The combustion apparatus according to Claim 1,
wherein said regulated gas outlet is annularly
opened, and said combustion gas outlet is provided
inside the ring of said regulated gas outlet.

3. The combustion apparatus according to Claim 1,
comprising a plurality of said regulated gas outlets,
wherein
said plurality of regulated gas outlets surround said
combustion gas outlet.

4. The combustion apparatus according to Claim 2 or
3, comprising a structure in which said regulated gas
through channel part surrounds said combustion
part as seen from a cross-section view crossing said
combustion part and said regulated gas through
channel part.

5. The combustion apparatus according to any one of
Claims 1 to 4, wherein said combustion part com-
prises:

an air spouting port opened to said combustion
space for spouting air in said combustion space
in the direction of said combustion gas outlet,
and
a partition member provided in said combustion
space for mixing said combustion gas generated
by said combustion with said air spouted from
said air spouting port into said combustion space
while partitioning said combustible gas flowed
from said combustible gas inlet into said com-
bustion space, air flowed from said air inlet into
said combustion space, flames generated by the
combustion of said air and said combustible gas,
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and said air spouted from said air spouting port
into said combustion space.

6. The combustion apparatus according to Claim 5,
wherein, in said combustion part, said partition mem-
ber is formed in a cylindrical shape with one end
closed and the other end opened in the direction of
said combustion gas outlet, with said combustible
gas inlet and said air inlet further opened inside said
cylindrical shape, and
said air spouting port is provided such that said air
spouted from said air spouting port into said com-
bustion space flows along the outer periphery of said
partition member.

7. A heating furnace, comprising:

the combustion apparatus according to any one
of Claims 1 to 6; and
a housing chamber in which a housing space
for housing a body to be heated is formed sur-
rounded by a furnace wall with said combustion
gas outlet and said regulated gas outlet of said
combustion apparatus opened in said housing
space.

8. The heating furnace according to Claim 7, compris-
ing:

a temperature measuring part provided at the
location opposite to said combustion gas outlet
and said regulated gas outlet in said housing
space of said housing chamber, which is con-
figured to measure the atmospheric tempera-
ture in said housing space; and
an inflow regulation means configured to in-
crease or decrease the inflow of said combusti-
ble gas from said combustible gas inlet and the
inflow of said air from said air inlet based on the
atmospheric temperature in said housing space
measured by said temperature measuring part.

9. The heating furnace according to Claim 8, compris-
ing a plurality of said combustion apparatuses and
said temperature measuring part; wherein
said temperature measuring part is provided at said
furnace wall opposite to said combustion gas outlet
and said regulated gas outlet of said combustion ap-
paratus of any one of said plurality of combustion
apparatuses, and
said inflow regulation means increases or decreases
the inflow of said combustible gas of said combustion
apparatus and the inflow of said air from said air inlet
based on the atmospheric temperature in said hous-
ing space measured by said temperature measuring
part.

10. The heating furnace according to Claim 9, wherein

at least one of said combustion apparatuses is pro-
vided on the upper and lower parts of said housing
chamber, respectively.

11. The heating furnace according to Claim 9, wherein
at least one of said combustion apparatuses is pro-
vided on the upper, middle, and lower parts of said
housing chamber, respectively.

12. The heating furnace according to Claim 8, compris-
ing:

a plurality of said combustion apparatuses; and
a plurality of said temperature measuring parts;
wherein
at least one of said temperature measuring parts
is provided at the location opposite to said re-
spective combustion gas outlet and regulated
gas outlet of said plurality of combustion appa-
ratuses, and
said inflow regulation means increases or de-
creases the inflow of said combustible gas of
said combustion apparatus opposite to said
each temperature measuring part, and the in-
flow of said air from said air inlet based on the
atmospheric temperature in said housing space
measured by each of said temperature measur-
ing parts.

13. The heating furnace according to Claim 12, wherein
at least one of said combustion apparatuses is pro-
vided on the upper and lower parts of said housing
chamber, respectively.

14. The heating furnace according to Claim 13, wherein
said housing chamber comprises:

a first area in which said combustion apparatus
provided on said upper part of said furnace wall
on one side opens said combustion gas outlet
and said regulated gas outlet toward said fur-
nace wall on the opposite side of said one side,
and said combustion apparatus provided on
said lower part of said furnace wall on the op-
posite side of said one side opens said combus-
tion gas outlet and said regulated gas outlet to-
ward said furnace wall on said one side; and
a second area in which said combustion appa-
ratus provided on said upper part of said furnace
wall on the opposite side of said one side opens
said combustion gas outlet and said regulated
gas outlet toward said furnace wall on said one
side, and said combustion apparatus provided
on said lower part of said furnace wall on said
one side opens said combustion gas outlet and
said regulated gas outlet toward said furnace
wall on the opposite side of said one side; where-
in
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said first area and said second area are alter-
nately arranged in the longitudinal direction of
said housing chamber.

15. The heating furnace according to Claim 12, wherein
at least one of said combustion apparatuses is pro-
vided on the upper, middle, and lower parts of said
housing chamber, respectively.

16. The heating furnace according to Claim 15, wherein
said housing chamber comprises:

a first area in which said combustion apparatus-
es provided on said upper part and said lower
part of said furnace wall on one side opens said
combustion gas outlet and said regulated gas
outlet toward said furnace wall on the opposite
side of said one side, and said combustion ap-
paratus provided on said middle part of said fur-
nace wall on the opposite side of said one side
opens said combustion gas outlet and said reg-
ulated gas outlet toward said furnace wall on
said one side; and
a second area in which said combustion appa-
ratus provided on said upper part and said lower
part of said furnace on the opposite side of said
one side wall opens said combustion gas outlet
and said regulated gas outlet toward said fur-
nace wall on said one side, and said combustion
apparatus provided on said middle part of said
furnace wall on said one side opens said com-
bustion gas outlet and said regulated gas outlet
toward said furnace wall on the opposite side of
said one side; wherein
said first area and said second area are alter-
nately arranged in the longitudinal direction of
said housing chamber.
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