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Description
Technical Field

[0001] The presentinvention relates to a combustion apparatus for coke oven emission gas, a combustion method for
coke oven emission gas, and a method of designing the combustion apparatus for coke oven emission gas, each capable
of enhancing the complete combustion of the coke oven emission gas, and thus reducing the discharge amount of the coke
oven emission gas in an incomplete combustion state.

Background Art

[0002] Steelmillsrecovercoke ovengas, alsoknown as C gas, which is generated during the process of producing coke.
However, if the recovery blower for the coke oven gas stops due to power outages or other trouble, it becomes necessary to
discharge the continuously generated coke oven gas from the coke oven. In this situation, the coke oven gas is combusted
for detoxification purposes before being discharged. Incomplete combustion during the discharge process would cause
black smoke, which has adverse effects on human health. Therefore, it is required to combust the gas completely before its
discharge.

[0003] An emission bleeder is widely known as an apparatus for discharging coke oven gas. As shown in FIG. 10, an
emission bleeder 1 has a double-pipe structure including a hood 2 that communicates with the atmosphere at its opening
located in the upper portion of the drawing, and a bleeder pipe 3 that is enveloped within an end of the hood 2 on the side
opposite to the opening of the hood 2 and that communicates with the source of generation of coke oven gas. In a typical
conventional emission bleeder 1, combustible gas 11G is fed into the bleeder pipe 3 by pressure, and resulting negative
pressure allows oxygen-containing gas (e.g., air) to be drawn into the hood 2 through a gap 5 between the hood 2 and the
bleeder pipe 3. Then, the gases are mixed and are ignited by an ignition device 6, so that complete combustion of the
combustible gas 11G can be achieved. However, when such a method of drawing in air using negative pressure is used,
due to insufficient pressure of the coke oven gas 11G, a sufficient amount of oxygen-containing gas (air) cannot be drawn
into the inside of the hood 2 through the gap 5, making it difficult to achieve complete combustion of the coke oven gas 11G.
Therefore, alarge amount of the coke oven gas 11G is discharged into the atmosphere in an incomplete combustion state,
which is problematic.

[0004] Patent Literature 1 is cited as a document disclosing a technology related to such an emission bleeder.
Specifically, Patent Literature 1 discloses adjusting the size, number, and spacing of air passages provided in a hood,
for example, to adjust the amount of air to be drawn into the hood and thus improve combustion efficiency.

[0005] Patent Literature 2 is cited as another document that also discloses a technology related to such an emission
bleeder. Specifically, Patent Literature 2 discloses improving combustion efficiency by passing air through a bleeder pipe
so that combustible gas can be drawn in through a gap between the bleeder pipe and a hood.

[0006] Patent Literature 3 discloses a gas burner-type apparatus for increasing the amount of air in a combustion zone
(facilitating the combustion of combustible gas in the atmosphere) that includes a venturi tube and a motive fluid feeding
pipe. The apparatus includes a combustion zone thatreceives the combustible gas via a combustion gas feeding pipe. The
end of the feeding pipe is surrounded by multiple devices that inject a motive fluid into the venturi tube located above the
combustion zone.

[0007] Patent Literature 4 discloses a flare gas burner for smokeless combustion of waste gas. The flare gas burner
includes a device that discharges a high-pressure motive fluid from a manifold into a passage defined by the interior of a
deflector and the exterior of a waste gas delivery pipe.

[0008] PatentLiterature 5discloses an apparatus forenhancing combustion with a configuration in which high-pressure
air is discharged in the form of a high-velocity jet from a nozzle mounted on a ring manifold surrounding a flare stack at a
predetermined distance below a stack outlet, and in which the upper portion of the flare stack is surrounded by an outer
shield thatis provided with internal guide vanes at the top portion and perforated with air passages 52 at the bottom portion.
[0009] Patent Literature 6 discloses a combustion emission pipe for combustion and emission of unrefined coke oven
gas. The combustion emission pipe includes blow-in pipes that jet vapor through the gap between a bleeder pipe and a
hood and through the inside of the bleeder pipe.

Citation List
Patent Literature
[0010]

Patent Literature 1: Japanese Patent Laid-Open No. 2010-236856
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Patent Literature 2: Japanese Patent Laid-Open No. 2010-286230

Patent Literature 3: Japanese Translation of PCT International Application Publication No. 2002-534653
Patent Literature 4: U.S. Patent No. 04643669

Patent Literature 5: Japanese Translation of PCT International Application Publication No. 2004-537702
Patent Literature 6: Japanese Patent Laid-Open No. 2020-117623

Summary of Invention
Technical Problem

[0011] However, the conventional technologies have the following problems to be solved.

[0012] The technology disclosed in Patent Literature 1 requires additional components or systems, for example, for
controlling the amount of air to be drawn into the hood. This makes the configuration and operation of the apparatus
complex, which is problematic. In particular, significant modifications to the hood of the emission bleeder are required.
[0013] In addition, Patent Literature 2 has a drawback that requires modification of the entire apparatus to apply its
technology to a typical conventional emission bleeder. Specifically, the gas flow is required to be different from the
conventional gas flow, such as that air is drawn into the hood by passing the combustible gas through the bleeder pipe.
[0014] Each of the technologies described in Patent Literatures 3 through 6 involves forcibly blowing another gaseous
fluid into combustible gas, but does not define either the efficient blowing conditions or the design of the apparatus. In
particular, the technology described in Patent Literature 6 involves jetting gas from the center of the bleeder pipe. However,
the inventors believe that such a configuration has the disadvantage of requiring high modification costs without achieving
sufficient combustion efficiency.

[0015] The presentinvention has been made in view of the above circumstances, and an object of the presentinvention
is to provide a combustion apparatus for coke oven emission gas, a combustion method for coke oven emission gas, and a
method of designing the combustion apparatus for coke oven emission gas, each capable of improving combustion
efficiency for combustible gas while reducing the modification cost for an emission bleeder that has been conventionally
used.

Solution to Problem

[0016] Inview of the above problems, the inventors have conducted intensive studies on the conditions of combustion-
promoting gas to be blown into the emission bleeder, and thus arrived at the present invention.

[0017] A combustion apparatus for coke oven emission gas according to the present invention that advantageously
solves the above problems, includes

a bleeder pipe having one end that communicates with a portion where the coke oven emission gas is generated and
allowing the coke oven emission gas to pass through its inside,

a hood having one end open to an atmosphere side and the other end enveloping the other end of the bleeder pipe,
arranged so as to be coaxial with an axis of the other end of the bleeder pipe, and formed of at least one cylinder,
a gas blow-in pipe inserted from below into a gap between an outer wall of the bleeder pipe and an inner wall of the
hood, and

acontrol means for adjusting a blowing condition for combustion-promoting gas to be blown from the gas blow-in pipe,
characterized in that

the control means is configured to adjust one or more in combination selected from a gas flow rate M, [kg/s], a gas flow
velocity v, [m/s], and gas pressure P [Pa] of the combustion-promoting gas to be blown through the blow-in pipe so as
to satisfy Expression (1) below:

{My/(Mg + Mp)} X {0.5 X vJ2 +y/(y-1) X Py/p;} = 370000 X In(d) + 2300000 (1),
wherein

Mg represents a flow rate [kg/s] of the emission gas in the bleeder pipe,

Mp represents a theoretical flow rate [kg/s] of air necessary for combustion of the emission gas,
y represents a specific heat ratio,

p, represents a density [kg/m3] of the combustion-promoting gas, and

d represents an inner diameter [m] of the blow-in pipe.
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[0018] The combustion apparatus for coke oven emission gas according to the present invention is considered to have
more preferable solution means as follows:

(a) a ratio LID is between 0.5 and 2.5, inclusive, provided that an inner diameter of the bleeder pipe is D [m] and a
distance from the tip of the other end of the bleeder pipe to the tip of the one end of the hood is L [m];
(b)anangle 6is between 0° and 30°, inclusive, and a value of W/ (d-cos6) isinarange of 0.85to 1.6, inclusive, provided
that the gap between the outer wall of the bleeder pipe and the inner wall of the hood is W [m], the inner diameter of the
blow-in pipe is d [m], and an angle formed between the bleeder pipe in an axial direction and the blow-in pipe in the axial
direction is 0 [°].

[0019] A combustion method for coke oven emission gas according to the presentinvention that advantageously solves
the above problems includes

allowing coke oven emission gas to pass through the inside of a bleeder pipe having one end that communicates with a
portion where the coke oven emission gas is generated,

providing a hood having one end open to an atmosphere side and the other end enveloping the other end of the
bleeder pipe, arranged so as to be coaxial with an axis of the other end of the bleeder pipe, and formed of atleast one
cylinder, and

blowing combustion-promoting gas through a blow-in pipe inserted into a gap between an inner wall of the hood and an
outer wall of the bleeder pipe. The method further includes adjusting one or more in combination selected from a gas
flow rate M [kg/s], a gas flow velocity v, [m/s], and gas pressure P [Pa] of the combustion-promoting gas to be blown
through the blow-in pipe so as to satisfy Expression (1) above.

[0020] A method of designing a combustion apparatus for coke oven emission gas according to the present invention
that advantageously solves the above problems includes, in designing a combustion apparatus for coke oven emission
gas provided with

a bleeder pipe having one end communicating with a portion where the coke oven emission gas is generated and
allowing the coke oven emission gas to pass through an inside of the bleeder pipe,

a hood having one end open to an atmosphere side and the other end enveloping the other end of the bleeder pipe,
arranged so as to be coaxial with an axis of the other end of the bleeder pipe, and formed of at least one cylinder,
a gas blow-in pipe inserted from below into a gap between an outer wall of the bleeder pipe and an inner wall of the
hood, and

a control means for adjusting a blowing condition for combustion-promoting gas to be blown through the gas blow-in
pipe,

designing an inner diameter d [m] of the blow-in pipe so as to satisfy Expression (1) above.

[0021] The method of designing a combustion apparatus for coke oven emission gas according to the presentinvention
is considered to have more preferable solution means as follows:

(c)aratioLIDis setinarange of 0.5t0 2.5, inclusive, provided that an inner diameter of the bleeder pipe is D [m], and a
distance from the tip of the other end of the bleeder pipe to the tip of the one end of the hood is L [m];
(d)anangle 6is setin arange of 0° to 30°, inclusive, and a value of W/(d-cos0) is setin arange of 0.85to 1.6, inclusive,
provided that the gap between the outer wall of the bleeder pipe and the inner wall of the hood is W [m], the inner
diameter of the blow-in pipe is d [m], and an angle formed between the bleeder pipe in an axial direction and the blow-in
pipe in the axial direction is 0 [°].

Advantageous Effects of Invention

[0022] The present invention can promote the complete combustion of coke oven emission gas and thus reduce the
amount of emission of the coke oven emission gas in an incomplete combustion state without the need to significantly
modify an emission bleeder.

Brief Description of Drawings

[0023]

FIGs. 1(a) to (c) are schematic views showing a combustion apparatus for coke oven emission gas according to an
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embodiment of the present invention. FIG. 1(a) represents a case where a hood in the form of a single cylinder is
provided; FIG. 1(b) represents a case where a hood in the form of a double cylinderis provided; FIG. 1(c) represents an
enlarged view of a blow-in pipe.

FIG. 2 is a view showing a coke oven provided with the combustion apparatus according to the above embodiment.
FIGs. 3(a) and (b) are schematic longitudinal sectional views showing the combustion state of coke oven emission gas
that has undergone combustion using the combustion apparatus according to the above embodiment. FIG. 3(a)
shows a flow velocity distribution. FIG. 3(b) shows a flow velocity vector and a temperature distribution.

FIGs. 4(a) and 4(b) are schematic longitudinal sectional views showing the combustion state of coke oven emission
gas that has undergone combustion using the combustion apparatus according to the above embodiment. FIG. 4(a)
shows a pressure distribution when the ratio LID between the inner diameter D of a bleeder pipe and the distance L
from the tip end of the bleeder pipe to the open end of the hood is 0.92, and FIG. 4(b) shows a pressure distribution
when the ratio LID is 0.25.

FIGs. 5(a) and 5(b) are schematic longitudinal sectional views showing the combustion state of coke oven emission
gas thathas been combusted using the combustion apparatus according to the above embodiment. FIG. 5(a) shows a
gas flow when the ratio LID between the inner diameter D of the bleeder pipe and the distance L from the tip end of the
bleeder pipe to the open end of the hood is 0.92, and FIG. 5(b) shows a gas flow when the ratio LID is 0.25.

FIG. 6is agraph showing the influence of the inner diameter d of the blow-in pipe on the relationship between the value
of the left-hand side of Expression (1) and the ratio of the amount of soot generated in a combustion experiment for
coke oven emission gas conducted using the combustion apparatus according to the above embodiment.

FIG. 7 is agraph showing the relationship between the ratio LID of the distance L from the tip end of the bleeder pipe to
the open end of the hood with respect to the inner diameter D of the bleeder pipe and the ratio of the amount of soot
generated in a combustion experiment for coke oven emission gas conducted using the combustion apparatus
according to the above embodiment.

FIG. 8 is a schematic longitudinal sectional view showing the gap between the outer wall of the bleeder pipe and the
inner wall of the hood, and the tilt angle of the blow-in pipe in the combustion apparatus according to the above
embodiment.

FIG. 9 is a graph showing the influence of the gap between the outer wall of the bleeder pipe and the inner wall of the
hood and the tilt angle of the blow-in pipe on the ratio of the amount of soot generated in a combustion experiment for
coke oven emission gas conducted using the combustion apparatus according to the above embodiment.

FIG. 10 is a schematic view showing a conventional emission bleeder.

FIGs. 11(a1) through (c2) are schematic views showing the relationship between the position of the blow-in pipe and a
gas flow. Specifically, FIGS. 11(a1) and 11(a2) each show an example of the conventional emission bleeder, FIGS.
11(b1) and 11(b2) each show an example in which gas is blown into the gap between the outer wall of the bleeder pipe
and the inner wall of the hood, and FIGS. 11(c1) and 11(c2) each show an example in which gas is blown from the
center of the bleeder pipe.

Description of Embodiments

[0024] Hereinafter, an embodiment of the present invention will be specifically described. Note that the drawings are
only schematic and may differ from the actual ones. In addition, the following embodiment only describes examples of an
apparatus and a method for embodying the technical idea of the present invention. Thus, the configuration of the present
invention is not limited to the embodiments described below. That is, the technical idea of the present invention can be
modified in various ways within the technical scope recited in the claims.

[0025] An overview of a coke oven will be described with reference to FIG. 2. A coke oven 11 includes carbonization
chambers 12 and combustion chambers 13 that are alternately arranged. In each combustion chamber 13, heat is
generated by the combustion of combustion gas. In each carbonization chamber 12, coal is carbonized with the heat
generated in the adjacent combustion chambers 13. During the carbonization process of coal, combustible gas called
COG gas (hereinafter, C gas), which is a type of combustible gas, is generated. The C gas is composed mainly of H,, CO,
and various other hydrocarbon gases, forexample. FIG. 2 only shows two carbonization chambers 12 and two combustion
chambers 13, butin practice, a large number of combinations of carbonization chambers 12 and combustion chambers 13
are provided toward the depth side of the drawing.

[0026] Each ofthe carbonization chambers 12 has ariser pipe 14 and adry main 15 atits upper portion. Theriser pipe 14
collects C gas thathas risen, and the dry main 15 aggregates the C gas sucked from the plurality of carbonization chambers
12 via the riser pipe 14. An emission bleeder 1 is connected to the dry main 15. The C gas generated in the plurality of
carbonization chambers 12 passes through the riser pipe 14 and the dry main 15, and is then discharged to the atmosphere
through the emission bleeder 1.

[0027] During regular operation of a plant, C gas generated in each carbonization chamber is sucked and recovered by
gas suction equipment (not shown) and then reused as an operation gas for various types of equipment. Meanwhile, in the
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event of trouble in a plant, such as a power failure, it would be impossible to sufficiently recover and reuse C gas generated
in each carbonization chamber. As aresult, itis necessary to discharge the C gas to the atmosphere as coke oven emission
gas through the emission bleeder 1.

[0028] AsshowninFIG. 1, acombustion apparatus for coke oven gas according to the presentembodimentincludes the
emission bleeder 1 and a control means 7 for controlling a combustion-promoting gas. The emission bleeder 1 includes a
hood 2, a bleeder pipe 3, and blow-in pipes 4. Although FIG. 1(a) shows an example in which the hood 2 is a single-wall
cylindrical member and FIG. 2(b) shows an example in which the hood is a double-wall cylindrical member, the present
invention is not limited thereto. The bleeder pipe 3 communicates with the dry main 15 of the coke oven 11, where C gas
11Gis generated, atone end (not shown), which is an end face 3B located in the lower portion of the drawing, allowing the C
gas 11G to pass through toward the hood 2. In FIGS. 1(a) and 1(b), the C gas 11G flows from the lower portion toward the
upper portion. The hood 2 discharges the C gas 11G, which has been fed from the bleeder pipe 3, to the atmosphere
through one end 2A (the upper end) open to the atmosphere. In addition, the other end 3A of the bleeder pipe 3 is
enveloped within the hood 2. More specifically, the other end 2B (the lower end face) of the hood 2 is located at a position
below the other end 3A (the upper end face) of the bleeder pipe 3 to thus form a region where the bleeder pipe 3 is
enveloped within the hood 2. In the region where the bleeder pipe 3 is enveloped within the hood 2, a gap 5 is formed
between the innerwall of the hood 2 and the outer wall of the bleeder pipe 3. Note that the inner wall of the hood 2 is provided
with an ignition device 6 that first ignites the C gas 11G, which is the coke oven emission gas.

[0029] Inthe presentembodiment, the blow-in pipes 4 are provided, each of which can inject gas (hereinafter referred to
as "combustion-promoting gas") in the inside of the hood 2 through the gap 5, which is formed between the bleeder pipe 3
and the hood 2. Each blow-in pipe 4 may be connected to a pump (not shown), for example, to feed a combustion-
promoting gas by pressure. When the combustion-promoting gas is blown from the blow-in pipes 4, a flow of not only the
combustion-promoting gas but also gas (hereinafter referred to as "associated gas"), such as air, which flows into the gap 5
by being entrained in a region around the combustion-promoting gas due to the effect of the gas viscosity, is generated. The
combustion-promoting gas and the associated gas injected into the gap 5 rise along the outer wall of the bleeder pipe 3 and
then are mixed with the coke oven emission gas (C gas 11G), which is fed from the inside of the bleeder pipe 3, inside of the
hood 2, so that the gasses are stirred and mixed. After these gasses are stirred and mixed, they are ignited by the ignition
device 6. The resulting gas discharged from the upper end of the hood 2 is mixed with the outside air and thus combusted
so that a flame (not shown) is formed in an upward direction from the upper end face of the bleeder pipe 3. In the present
embodiment, the mixed gas of the combustion-promoting gas fed from the blow-in pipes 4, the C gas, and the combustion
gas is discharged from the upper end of the hood 2 as a high-speed jet as indicated by a grayscale velocity distribution in
FIG. 3(a). In FIG. 3(a), a darker portion indicates a higher velocity. As seen in a velocity vector indicated by the arrow and a
temperature distribution indicated in grayscale in FIG. 3(b), when the atmosphere is entrained in the high-speed jet, the
coke oven emission gas (C gas), the combustion-promoting gas, and the associated gas are sufficiently stirred. Thus, the
complete combustion of the C gas is promoted. In the present embodiment, the control means 7 is provided for adjusting
the flow rate, flow velocity, or pressure of the combustion-promoting gas to be blown into the blow-in pipes 4. The control
means 7 adjusts the blowing conditions for the combustion-promoting gas based on the information of the composition and
flow rate of the C gas so as to promote the complete combustion of the coke oven emission gas.

[0030] The blow-in pipes 4 may be provided at positions where they can inject the combustion-promoting gas into the
gap 5, for example, may be provided such that the upper end face of the blow-in pipe 4 is located at a position below the
upper end face of the bleeder pipe 3. One or more blow-in pipes 4 may be provided for a combination of the bleeder pipe 3
and the hood 2, and a plurality of blow-in pipes 4 may be provided in the circumferential direction of one bleeder pipe 3. In
the presentembodiment, it is possible to promote the complete combustion of the C gas, which is the coke oven emission
gas, by entraining a sufficient amount of the atmosphere therein as long as the following Expression is satisfied:

{M/(Mg + Mp)} X {0.5 X v,2 + y/(y - 1) X P,/p} > 370000 X In(d) + 2300000 A1),

=where Mg [ka/s] represents the flow rate of the emission gas in the bleeder, M [kg/s] represents the theoretical flow rate
of airnecessary for the combustion of the emission gas, M ; [kg/s] represents the flow rate of the combustion-promoting gas
to be blown through the blow-in pipe, v, [m/s] represents the flow velocity of the combustion-promoting gas, y represents
the specific heatratio, P, [Pa] represents the blowing pressure, p ; [kg/m?] represents the gas density, and d [m] represents
the inner diameter of the blow-in pipe (see the enlarged view of FIG. 1(c)). When a plurality of blow-in pipes are provided,
the left-hand side of Expression (1) above may be set to £[M ;}{0.5XVv 2+y/ (y-1)XP /p JJ/(Mg+Mp). £ represents the sum
of the blow-in pipes 4. This is based on the concept that, as long as, at a time when the combustion-promoting gas having
the fluid energy defined as [M;x{0.5xv 2+y/ (y-1)xP /p ] is entrained with the surrounding atmosphere to form a jet of a
mixture gas (theoretical amount of air) with an emission gas and air necessary for the complete combustion of the amount
ofthe emission gas, the mixture gas has energy {(Mg+Mp) xXEy, } [J] of a givenlevel or higher, the complete combustion of
the C gas is promoted and black smoke (the generation of soot) is thus reduced. E;_represents the energy [J/kg] per unit
mass. It is assumed that [M;x{0.5Xv ;2+y/(y-1)XP j/p }loc{(Mg+Mp)XEy, } by assuming that the fluid energy of the
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combustion-promoting gas is proportional to the energy necessary for the complete combustion of the C gas. Since (Mg
+Mp) can be calculated in advance, comparative evaluation was performed on a numerical value, which is obtained by
dividing [M;x{0.5Xv 2+y/(y-1)XP j/p }] by (Mg+Mp), and the amount of soot generated. Then, it was found that the
expression can be arranged with the above indices. Since there are a pressure loss due to viscosity and a flow velocity
distribution within the jet, Ey, cannot be determined theoretically, but the inventors have found that Ey, based on the
above concept can be expressed as 370000xIn(d)+2300000 as described in examples below.

[0031] The combustion-promoting gas is not limited to any particular gas as long as it is gas, but it is preferably
incombustible gas to prevent explosion in the hood 2 and incomplete combustion. In particular, among incombustible
gases, a mixed gas of one or more selected from air, nitrogen gas, and water vapor is preferably used. Even when nitrogen
gas containing no oxygen is adopted as the combustion-promoting gas, itis possible to promote the complete combustion
of the C gas because the high-speed jet entrains a sufficient amount of atmosphere (i.e., associated gas), and oxygen
contained in the entrained atmosphere thus reacts with the C gas as described above.

[0032] Applying the combustion apparatus for coke oven emission gas of the present embodiment to the coke oven 11
can, even in the event of trouble such as a power outage, promote the complete combustion of C gas generated in and
emitted from the carbonization chambers 12, and thus allow the C gas to be discharged into the atmosphere as a less
harmful substance, like CO, and H,O. In addition, when the combustion apparatus is applied to the coke oven 11, air is
preferably used as gas to be injected through the blow-in pipes 4. When air is used as a combustion-promoting gas in a
plant, the combustion-promoting gas can be supplied to the emission bleeder 1 more easily and promptly than when other
gases are used, even in an emergency.

[0033] Further, provided that the inner diameter of the bleeder pipe 3 is represented by D [m], and the distance from the
tip end (the upper end face 3A) of the bleeder pipe to the tip end (the upper end face 2A) of the hood is represented by L [m],
the ratio LID [-] is preferably set to the range of 0.5 to 2.5, inclusive. As shown by a pressure distribution in FIG. 4(a), when
L/D=0.92, which falls within the above range, and a high-speed jet of combustion-promoting gas is blown into the hood 2
from the blow-in pipes 4, the high-speed jet generates a sufficient negative-pressure region in the hood 2 at a position
above the upper end face 3A of the bleeder pipe 3. The negative pressure causes the atmosphere (air) to be suddenly
sucked on the atmosphere side of the upper end face 2A of the hood 2, so that the atmosphere and the coke oven emission
gas are stirred and mixed, and thus, oxygen is supplied to the inside of a flame. This can promote the combustion of the C
gas, which is the coke oven emission gas.

[0034] Meanwhile, as shown by a pressure distribution in FIG. 4(b), when the ratio L/D=0.25<0.5 is satisfied, a sufficient
negative-pressure region is not formed in the hood 2, reducing the effect of blowing in the combustion-promoting gas. That
is, the ratio LID is preferably 0.5 or more. Meanwhile, if the ratio LID is too high, an energy loss occurs due to friction
between the fluids and due to friction between the fluid and the wall surface resulting from viscosity. Thus, the ratio LID is
preferably set to 2.5 or less.

[0035] The mechanism in which the amount of soot generated in the combustion apparatus according to the present
embodiment is reduced will be described with reference to FIG. 5 as an example. The flow velocity of a jet FJ blown in from
the blow-in pipe 4 is higher than the flow velocity of the C gas FU. Therefore, the C gas FU is first entrained in the jet FJ
within the hood 2. When the jet FJ with the C gas FU sufficiently entrained therein comes out of the hood 2, the jet FJ
entrains a large amount of the atmosphere FA. This promotes the mixing of the C gas and air, and the C gas is thus
expected to be completely combusted. Moreover, the large amount of air causes the combustion temperature to be
lowered, thus reducing the generation of soot. In this case, as shown in FIG. 5(a), the hood 2 needs to be kept sufficiently
high. When the hood 2 is not sufficiently high as shown in FIG. 5(b), the atmosphere outside the hood will be entrained in the
jetFJ before the C gas s sufficiently entrained in the jet FJ, which in turn makes it difficult to sufficiently mix the C gas and air.
[0036] The combustion apparatus for coke oven emission gas according to the present embodiment includes a control
means for adjusting one or more selected from the gas flow rate M, the gas flow velocity v, and the gas pressure P of the
combustion-promoting gas to be blown in through the blow-in pipe(s) 4 so as to satisfy Expression (1) above based on
information on the composition and the amount of the C gas generated grasped in advance, information on a flowmeter
provided in the bleeder pipe 3, orinformation obtained by analyzing the C gas in the bleeder pipe 3. The control means may
be configured from a computer, for example.

[0037] The combustion method for coke oven emission gas that uses the combustion apparatus for coke oven emission
gas according to the present embodiment includes adjusting one or more in combination selected from the gas flow rate
M, the gas flow velocity v ;, and the gas pressure P of the combustion-promoting gas based on the composition and the
amount of the C gas generated.

[0038] The method of designing a combustion apparatus for coke oven emission gas according to the present
embodiment includes designing the inner diameter d [m] of the blow-in pipe so as to satisfy Expression (1) above based
on the range of the composition of the coke oven emission gas and the transition of the amount of the gas generated, which
have been grasped in advance, and on the controllable values of the combustion-promoting gas, such as the gas flow rate
range, pressure range, and physical properties. Note that when a plurality of blow-in pipes 4 are used, it is preferable to
design the inner diameter d [m] of each blow-in pipe by correcting Expression (1) using the sum of the fluid energy of the
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combustion-promoting gas. Note that the gap 5 between the inner wall of the hood 2 and the outer wall of the bleeder pipeis
designed such that at least the blow-in pipe(s) 4 can be inserted into the gap 5.

Examples
(Example 1)

[0039] In the present example, the amount of soot generated, which is the main component of black smoke, was
attempted to be quantitatively evaluated through simulation. Specifically, NuF D/FrontFlowRed was used as the simulation
software to reproduce the combustion of a coke oven gas with each emission bleeder. Then, the condition of a flame (i.e.,
the flame temperature) was examined, and the amount of soot generated in each of a case where no blow-in pipe is
provided (conventional example) and a case where a blow-in pipe is provided (invention example) was examined as the
ratio of the amount of soot generated, provided that the amount of soot generated in the conventional example is 1.0. The
amount of soot generated is defined as the maximum value of the total amount of soot across horizontal cross-sections in
the simulation. The ordinate axis of FIG. 6 represents the ratio ¢ of the maximum value of the maximum amount of soot
generated under each blowing condition with respect to the maximum amount of soot generated in the conventional
example. The abscissa axis of FIG. 6 represents the left-hand side of Expression (1). This corresponds to a value obtained
by dividing the energy of the combustion-promoting gas by the sum of the mass flow rate of the coke oven gas and the mass
flow rate of air necessary for the complete combustion of the coke oven gas. FIG. 6 shows that the ratio ¢ of the amount of
soot generated decreases after the left-hand side of Expression (1) attains a given value or more for each of the different
inner diameters d of the blow-in pipe 4. The ratio ¢ of the amount of soot generated is also approximated to a curve using a
sigmoid function. Provided that ¢=1-{1/ (1+e-%(-B))}, where 0=5.00005 and p=370000xIn (d) +2300000, it is found that
each plotcan be roughly approximated to a curve. Here, § is the inflection point of the function, and is also a point at which ¢
is 0.5, thatis, the amount of soot generated is 0.5 with respect to that of the conventional example. This indicates that when
Expression (1) above is satisfied, the complete combustion of a C gas is promoted, reducing black smoke (i.e., the
generation of soot).

[0040] Next, FIG. 7 shows the simulation results of examining the amount of soot generated by changing the ratio LID
variously while fixing the other conditions to d=0.01[m] and {M_/(Mg+Mp)}<{0.5Xv 2+y/(y-1)XP j/p }=7.75x 105 [J/kg].
FromFIG.7,itis found that the ratio ¢ of the amount of soot generated is minimumwhen the ratio LID is close to 1. When the
ratioLIDisless than 1, the amount of soot generated suddenly increases. Meanwhile, when the ratioLID is more than 1, the
amount of soot generated moderately increases. When a high-speed jet of a combustion-promoting gas is blown into the
hood 2 from the blow-in pipe 4, negative pressure is generated in the hood 2 at a position above the tip end 3A of the bleeder
pipe due to the entrainment of the high-speed jet. The negative pressure causes the atmosphere (air) to be suddenly
sucked on the atmosphere side of the upper end 2A of the hood 2, so that the atmosphere and the coke oven emission gas
are stirred and mixed. This allows oxygen to be supplied to the inside of a flame, and thus can promote the combustion of
the C gas that is the coke oven emission gas. As shown in FIG. 4(b), under the condition of 0.5>L/D, negative pressure is
not sufficiently formed in the hood 2, thus reducing the effect of blowing in the combustion-promoting gas. Meanwhile,
when LID is too high, the fluid energy is gradually reduced due to the viscosity between the fluids and the viscosity between
the fluid and the wall inside the hood 2. As a result, the effect of entraining the atmosphere at the upper end of the hood is
reduced. Therefore, FIG. 7 shows that the ratio LID is preferably in the range of 0.5 to 2.5, inclusive.

(Example 2)

[0041] The influence of the gap W [m] between the outer wall of the bleeder pipe 3 and the inner wall of the hood 2, and
the angle 0 [°] of the blow-in pipe in the axial direction on the amount of soot generated was examined using simulation
software as in Example 1. FIG. 9 shows the results of the amount of soot generated with the inner diameter of the blow-in
pipe represented by d [m]. The abscissa axis of FIG. 9 represents W/ (d-cos6). The ordinate axis of FIG. 9 represents the
ratio of the amount of soot generated as in Example 1. Besides, when the angle 6 is too large, the upward motion
component decreases while the lateral motion component increases. In such a case, when a jet collides with the bleeder
pipe, the jet spreads over a wide range, with the result that the effect of reducing soot through the entrainment of the jet
cannot be sufficiently achieved. Thus, the angle 6 is preferably in the range of 0° to 30°, inclusive.

[0042] Theresultshows thatajetcan sufficiently entrain the atmosphere and thus promote the complete combustion ofa
C gas, which is coke oven emission gas, provided that the following two conditions are met: the angle 6 is between 0° and
30°, inclusive, and the value of W/(d-cos6) is in the range of 0.85 to 1.6, inclusive.

[0043] Whenthegap W istoosmall, ajetfromthe blow-in pipe 4 cannot sufficiently enter the inside of the hood, causingiit
to flow out to the atmosphere side. Consequently, the effect of blowing in the jet is reduced. With respect to the gap W,
d-cos0 is an area obtained by projecting a cross-section of the blow-in pipe onto the gap between the hood and the bleeder
pipe. Even W/ (d-cosb) of less than 1 is considered to be in the preferable range. This is because the jet flows along the wall
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surface while being attracted by the Coanda effect of the jet and the wall surface. FIG. 9 shows that W/ (d-cos6) of 0.85 or
more allows the entire jet to flow inside the hood, which effectively achieves the effect of reducing the amount of soot
generated. Meanwhile, if the gap W is too large, the atmosphere is likely to be sucked in through the gap, reducing the
negative-pressure region in the upper portion of the hood and the pressure difference with the surrounding. According to
FIG. 9, it can be observed that when W/ (d-cosb) is 1.6 or less, the effect of suppressing soot generation can be efficiently
achieved.

(Example 3)

[0044] FIG. 11(a1) shows, as a conventional example, a longitudinal section of an emission bleeder that operates
without blowing in gas. FIG. 11(b1) shows the arrangement of a blow-in pipe 4 according to the above embodiment as an
invention example. FIG. 11(c1), as acomparative example, shows the bleeder pipe 3 with a blow-in pipe 4A arranged in the
center. FIGS. 11(a2), 11(b2), and 11(c2) show the results of fluid simulation of the conventional example, the invention
example, and the comparative example, respectively. The invention example shows the state where the surrounding
atmosphere and the jet are mixed above the hood. Meanwhile, the conventional example and the comparative example
have a lower force of drawing in the surrounding atmosphere, compared to the invention example.

[0045] Accordingly,ithas been verified through simulation that combustion efficiency for coke oven emission gas can be
improved according to the example of the invention.

Industrial Applicability
[0046] The combustion apparatus for coke oven emission gas, the combustion method for coke oven emission gas, and
the method of designing the combustion apparatus for coke oven emission gas according to the presentinvention are each

applicable to a case where combustible gas requires complete combustion before being discharged to the atmosphere.

Reference Signs List

[0047]

1 emission bleeder

2 hood

2A upper end face of hood

2B lower end face of hood

3 bleeder pipe

3A upper end face of bleeder pipe

3B end of bleeder pipe on side of coke oven

4 blow-in pipe

4A blow-in pipe (located in center of bleeder pipe)

5 gap (gap between outer wall of bleeder pipe and inner wall of hood)
6 ignition device

7 control means

11 coke oven

11G  coke oven gas (C gas or combustible gas)

12 carbonization chamber

13 combustion chamber

14 riser pipe

15 dry main

d inner diameter of blow-in pipe

D diameter of upper end of bleeder pipe

L distance from upper end of bleeder pipe to open end of hood
w length of gap between outer wall of bleeder pipe and inner wall of hood
FJ jet

FA atmosphere (air)
FU combustible gas (C gas)

Claims

1. A combustion apparatus for coke oven emission gas comprising
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a bleeder pipe having one end that communicates with a portion where the coke oven emission gas is generated
and allowing the coke oven emission gas to pass through its inside

a hood having one end open to an atmosphere side and the other end enveloping the other end of the bleeder
pipe, arranged so as to be coaxial with an axis of the other end of the bleeder pipe, and formed of at least one
cylinder,

agas blow-in pipe inserted from below into a gap between an outer wall of the bleeder pipe and an inner wall of the
hood, and

a control means for adjusting a blowing condition for combustion-promoting gas to be blown from the gas blow-in
pipe,

characterized in that

the control means is configured to adjust one or more in combination selected from a gas flow rate M ; [kg/s], a gas
flow velocity v, [m/s], and gas pressure P [Pa] of the combustion-promoting gas to be blown through the blow-in
pipe so as to satisfy Expression (1) below:

{My/(Mg + Mp)} X {0.5 X vJ2 +y/(y-1) X Py/p;} > 370000 X In(d) + 2300000 (1),
wherein

Mg represents a flow rate [kg/s] of the emission gas in the bleeder pipe,

Mp represents a theoretical flow rate [kg/s] of air necessary for combustion of the emission gas,
y represents a specific heat ratio,

p, represents a density [kg/m3] of the combustion-promoting gas, and

d represents an inner diameter [m] of the blow-in pipe.

2. The combustion apparatus for coke oven emission gas according to claim 1, wherein
aratioLID is between 0.5and 2.5, inclusive, provided that an inner diameter of the bleeder pipe is D [m] and a distance
from a tip of the other end of the bleeder pipe to a tip of the one end of the hood is L [m].

3. The combustion apparatus for coke oven emission gas according to claim 1 or 2, wherein
an angle 0 is between 0° and 30°, inclusive, and a value of W/ (d-cos6) is in a range of 0.85 to 1.6, inclusive, provided
that the gap between the outer wall of the bleeder pipe and the inner wall of the hood is W [m], the inner diameter of the
blow-in pipeis d[m], and an angle formed between the bleeder pipe in an axial direction and the blow-in pipe in the axial
direction is 0 [°].

4. A combustion method for coke oven emission gas comprising

allowing coke oven emission gas to pass through the inside of a bleeder pipe having one end that communicates
with a portion where the coke oven emission gas is generated,

providing a hood having one end open to an atmosphere side and the other end enveloping the other end of the
bleeder pipe, arranged so as to be coaxial with an axis of the other end of the bleeder pipe, and formed of at least
one cylinder, and

blowing combustion-promoting gas through a blow-in pipe inserted into a gap between an inner wall of the hood
and an outer wall of the bleeder pipe,

characterized in that

the method further comprises adjusting one or more in combination selected from a gas flow rate M [kg/s], a gas
flow velocity v, [m/s], and gas pressure P [Pa] of the combustion-promoting gas to be blown through the blow-in
pipe so as to satisfy Expression (1):

{M/(Mg + Mp)} X {0.5 X v;2 +v/(y - 1) X Py/p} = 370000 X In(d) + 2300000 (1),
wherein
Mg represents a flow rate [kg/s] of the emission gas in the bleeder pipe,
Mp represents a theoretical flow rate [kg/s] of air necessary for combustion of the emission gas,
vy represents a specific heat ratio,

p, represents a density [kg/m3] of the combustion-promoting gas, and
d represents an inner diameter [m] of the blow-in pipe.

11
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5. A method of designing a combustion apparatus for coke oven emission gas comprising

a bleeder pipe having one end that communicates with a portion where the coke oven emission gas is generated
and allowing the coke oven emission gas to pass through an inside of the bleeder pipe,

a hood having one end open to an atmosphere side and the other end enveloping the other end of the bleeder
pipe, arranged so as to be coaxial with an axis of the other end of the bleeder pipe, and formed of at least one
cylinder,

agas blow-in pipe inserted from below into a gap between an outer wall of the bleeder pipe and an inner wall of the
hood, and

acontrol means for adjusting a blowing condition for combustion-promoting gas to be blown through the gas blow-
in pipe,

characterized in that

the method further comprises designing an inner diameter d [m] of the blow-in pipe so as to satisfy Expression (1):

{My/(Mg + Mp)} X {0.5 X vJ2 +y/(y-1) X Py/p;} > 370000 X In(d) + 2300000 (1),
wherein

Mg represents a flow rate [kg/s] of the emission gas in the bleeder pipe,

Mp represents a theoretical flow rate [kg/s] of air necessary for combustion of the emission gas,
y represents a specific heat ratio,

p, represents a density [kg/m3] of the combustion-promoting gas, and

d represents an inner diameter [m] of the blow-in pipe.

6. The method of designing a combustion apparatus for coke oven emission gas according to claim 5, wherein
aratio LID is set in a range of 0.5 to 2.5, inclusive, provided that an inner diameter of the bleeder pipe is D [m], and a
distance from a tip of the other end of the bleeder pipe to a tip of the one end of the hood is L [m].

7. The method of designing a combustion apparatus for coke oven emission gas according to claim 5 or 6, wherein
an angle 6 is set in arange of 0° to 30°, inclusive, and a value of W/(d-cos®) is set in a range of 0.85 to 1.6, inclusive,
provided that the gap between the outer wall of the bleeder pipe and the inner wall of the hood is W [m], the inner
diameter of the blow-in pipe is d [m], and an angle formed between the bleeder pipe in an axial direction and the blow-in
pipe in the axial direction is 0 [°].

12
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