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Description
Technical Field

[0001] The presentinvention relates to a granular iron
manufacturing apparatus configured to manufacture
granular iron from molten iron and a granular iron man-
ufacturing method.

Background Art

[0002] Granular iron is formed by dispersing molten
iron such as molten pig iron or molten steel and then by
solidifying the dispersed portions into granules, and the
average grain size thereof is about several mm to several
tens of mm. At an integrated ironworks, when molten pig
iron is manufactured unexpectedly in an excessive
amount in a blast furnace due to occurrence of a trouble
or other events in steelmaking and the downstream
processes, such surplus molten pig iron is temporarily
stored while being converted into granular iron. In recent
years, blast furnaces have been increased in size, and
incapability of temporarily processing a large amount of
molten pig iron leads to production decrease of the blast
furnaces. Thus, a facility serving as a buffer is required in
preparation for the case of a trouble or other events that
occur in steelmaking and the downstream processes.
[0003] In addition, due to the demand for reduction in
CO, emissions in the recent iron industry, there is an
increasing need for reduced iron that is produced by
using, as a reducing agent, hydrogen or a hydrocarbon
gas-based gas such as natural gas, not by using coke
(carbon source). To manufacture steel products from
reduced iron at high gangue (mainly SiO, and Al,O;)
or P concentration, gangue removal or a dephosphoriza-
tion treatmentis indispensable after the manufacturing of
reduced iron. Thus, there is a case where, as treatmentin
preparation for manufacturing steel products, reduced
iron is once melted into molten iron, a treatment such as
gangue removal or dephosphorization is then performed,
and the molten iron after the treatment is stored in form of
granular iron that is conveyable.

[0004] As a method for granulating molten pig iron,
Patent Literature 1 discloses a method for granulating
pig iron by spraying molten pig iron with pressurized
water. However, there is a risk of steam explosion caused
during a time of remelting because, in the method dis-
closed in Patent Literature 1, a large part of granular iron
becomes hollow, and water thus collects in such hollow
portions. Patent Literature 2 discloses a granular metal
manufacturing method. In the method, molten pig iron is
caused to fall onto a fixed board, liquid drops bounce off
the fixed board to move upward relative to the fixed board
and fall into a cooling bath provided below to be cooled,
and granulariron is thus manufactured. Moreover, Patent
Literature 3 discloses an apparatus configured to man-
ufacture a large amount of granular iron by granulating
molten pig iron with a water flow and by cooling and
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solidifying the liquid granular iron through underwater
dropping.

[0005] The granular iron is at high temperature when
being dropped into the water. Since the temperature of
the granular iron is about 1200 to 1500°C, when such
high-temperature granular iron comes into contact with
the water, there is brought about a film boiling state in
which a vapor film is formed on a surface of a high-
temperature object, and the water takes heat from the
granulariron while evaporating. The film boiling has a low
cooling capacity and, for example, has a heat transfer
coefficient as small as several hundredths of that of
nucleate boiling in which no vapor film is formed. Thus,
when the film boiling lasts long, the granular iron is failed
to be cooled sufficiently, and the iron granules may be
mutually fused to coalesce inside the cooling water.
[0006] Inaddition, when the temperature of the cooling
water is high, the water easily boils; thus, the vapor film is
likely to be maintained around the high-temperature ob-
ject, which is likely to lead to the film boiling. Thus, when
the water temperature of the cooling water is increased,
the cooling capacity for the granular iron is decreased
considerably, and the iron granules are likely to mutually
coalesce. To address such a problem, Patent Literature 3
proposes that the temperature of the cooling water in a pit
is maintained at 68°C or lower by regulating the cooling-
water flow of secondary cooling water, thereby being able
to suppress coalescing of the granular iron accumulated
in the pit.

Citation List
Patent Literatures
[0007]

PTL 1: Japanese Unexamined Patent Application
Publication No. 2018-115363

PTL 2: Japanese Examined Patent Application Pub-
lication No. 52-20948

PTL 3: Japanese Unexamined Patent Application
Publication No. 9-20902

Summary of Invention
Technical Problem

[0008] A considerably large-sized cooling water tank is
required for cooling the granular iron in view of the fact
that, when the granular iron is manufactured from molten
pig iron, liquid drops of the molten pig iron horizontally
spread to some extentand in view of an installation space
for a conveyance device provided for the solidified gran-
ular iron. The cooling water tank has a discharge outlet
through which the cooling water is supplied and a drain
outlet through which the cooling water increased in tem-
perature is conveyed to a cooling facility, thereby allowing
the cooling water to circulate between the cooling water
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tank and the cooling facility.

[0009] However, it is not easily controllable to spread
the cold cooling water throughout the large cooling water
tank. Although maintaining the cooling water inside the
pit at a temperature of 68°C or lower by regulating the
cooling-water flow of the secondary cooling water is
described in Patent Literature 3, no method for controlling
a flow inside the cooling water tank is described, and,
depending on the flow of the cooling water, a stagnation
region may be generated inside the cooling water tank.
Due to stagnation of the warm cooling water that has
been used to cool the granular iron in the stagnation
region, a region having a high water temperature may
thereby be formed locally. When the granularironin large
amount is dropped into the region having a high water
temperature, the film boiling state is maintained for a long
time, and the granular iron is failed to be cooled suffi-
ciently; thus, the iron granules are mutually fused to
coalesce. Such mutual coalescence of the iron granules
increases the amount of the iron granules whose size is
large enough to be hardly conveyed; thus, the convey-
ance of the granular iron becomes difficult. In addition,
there is a problem that inclusion of the cooling water
occurring when the iron granules mutually coalesce be-
comes a cause of steam explosion.

[0010] The present invention has been made to solve
the above-described problems, and an object thereof is
to provide a granular iron manufacturing apparatus and a
granular iron manufacturing method that are capable of
suppressing mutual coalescence of granulariron by cool-
ing molten iron efficiently.

Solution to Problem

[0011] The gist of the present invention capable of
solving the above-described problems is as follows.

[1] A granular iron manufacturing apparatus includ-
ing a granulation device configured to break up
molten iron into a liquid drop and a cooling water
tank configured to cool the liquid drop by causing the
liquid drop to fall into cooling water, the granular iron
manufacturing apparatus including: a water-flow
controlling container that is provided inside the cool-
ing water tank and whose upper and lower ends are
open; and a cooling water pipe group configured to
supply cooling water into the water-flow controlling
container, in which the water-flow controlling con-
tainer includes a partition cylindrical body including
an inclined surface inclined such that a horizontal
cross-sectional area decreases toward a lower side
and a duct cylindrical body connected to a lower
portion of the partition cylindrical body, the cooling
water pipe group includes an upper-level cooling
water pipe group and a middle-level cooling water
pipe group that are connected to the partition cylind-
rical body and a lower-level cooling water pipe group
connected to the duct cylindrical body, the upper-
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level cooling water pipe group is connected to an
upper level, of an inclined surface, including an
upper end of the partition cylindrical body and gen-
erates, with cooling water supplied from the upper-
level cooling water pipe group, a cooling-water flow
from an upper side to the lower side along an inclined
surface, the middle-level cooling water pipe group is
connected horizontally to a middle level of an in-
clined surface of the partition cylindrical body toward
a cylindrical core of the partition cylindrical body and
generates, with cooling water supplied from the mid-
dle-level cooling water pipe group, a first circulating
flow including flows moving toward the cylindrical
core of the partition cylindrical body, merging at the
cylindrical core, and moving upward, the first circu-
lating flow being accompanied by the cooling-water
flow from the upper side to the lower side along an
inclined surface and circulating inside the partition
cylindrical body, and the lower-level cooling water
pipe group is connected to a side surface of the duct
cylindrical body and generates, with cooling water
supplied from the lower-level cooling water pipe
group and drainage water from the partition cylind-
rical body, a second circulating flow circulating inside
the duct cylindrical body.

[2] The granular iron manufacturing apparatus ac-
cording to the item [1], further including

a conveyance device provided below the water-
flow controlling container and

configured to convey granulariron cooled inside
the water-flow controlling container to an outside
of the cooling water tank.

[3] The granular iron manufacturing apparatus ac-
cording to the item [1] or [2], further including a
control device configured to control a cooling water
flow supplied from the cooling water pipe group into
the water-flow controlling container, in which the
control device controls such that the cooling water
flow supplied from the cooling water pipe group is
decreased in an order from the middle-level cooling
water pipe group, the upper-level cooling water pipe
group, and the lower-level cooling water pipe group.
[4] The granular iron manufacturing apparatus ac-
cording to any one of the items [1] to [3], in which a
protrusion covering an upper side of a connection
portion of the upper-level cooling water pipe group
and/or the middle-level cooling water pipe group
connected to the inclined surface is provided.

[5] The granular iron manufacturing apparatus ac-
cording to the item [4], in which a sectional shape of
the protrusionis aninverted V shape oraninverted U
shape becoming wider from the upper side toward
the lower side.

[6] The granular iron manufacturing apparatus ac-
cording to any one of the items [1] to [5], in which a
protective cover covering an upper side of a connec-
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tion portion of the upper-level cooling water pipe
group connected to the inclined surface is provided,
and an upper end portion of the protective cover is
closed.

[7] The granular iron manufacturing apparatus ac-
cording to the item [6], in which a sectional shape of
the protective cover is a semicircular shape or a
semielliptical shape becoming wider from the upper
side toward the lower side.

[8] A granular iron manufacturing method using the
granular iron manufacturing apparatus according to
any one of the items [1] to [7], the middle-level cool-
ing water pipe group, the upper-level cooling water
pipe group, and the lower-level cooling water pipe
group being decreased in cooling water flow sup-
plied from the cooling water pipe group in this order.

Advantageous Effects of Invention

[0012] Inthe granular iron manufacturing apparatus of
the present invention, the first circulating flow of the
cooling water from the lower side toward the upper side
is generated inside the partition cylindrical body, the
second circulating flow of the cooling water from the lower
side toward the upper side is further generated inside the
duct cylindrical body, and the circulating flows cool the
granular iron. Thus, the cooling efficiency of the granular
iron inside the partition cylindrical body is enhanced, and
the iron granules are suppressed from being mutually
fused to coalesce during a cooling time of the granular
iron. Moreover, by enhancing the cooling efficiency of the
granulariron, a more compact apparatus can be realized
with the same cooling capacity for the granular iron, and
the apparatus can manufacture more granular iron with
the same size.

Brief Description of Drawings
[0013]

[Fig. 1] Fig. 1 is a schematic sectional view of a
granular iron manufacturing apparatus according
to the present embodiment.

[Fig. 2] Fig. 2 is a schematic sectional view of a
portion of a water-flow controlling container to which
a cooling water pipe group is connected.

[Fig. 3] Fig. 3is a schematic sectional view illustrating
circulating flows generated inside a partition cylind-
rical body and a duct cylindrical body.

[Fig. 4] Fig. 4 is a schematic sectional view of another
water-flow controlling container used for the granular
iron manufacturing apparatus according to the pre-
sent embodiment.

[Fig. 5] Fig. 5 is a schematic view of a water supply
inlet provided with a protrusion when viewed hori-
zontally.

[Fig. 6] Fig. 6 is a schematic sectional view of another
water-flow controlling container used for the granular
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iron manufacturing apparatus according to the pre-
sent embodiment.

[Fig. 7] Fig. 7 is a schematic view of the water supply
inlet provided with a protective cover when viewed
horizontally.

[Fig. 8] Fig. 8 illustrates simulation conditions of
Inventive Example 1 and Inventive Example 2.
[Fig. 9] Fig. 9 illustrates simulation conditions of
Comparative Example 1 and Comparative Example
2.

[Fig. 10] Fig. 10 illustrates simulation results of In-
ventive Example 1 and Inventive Example 2.

[Fig. 11] Fig. 11 is a schematic perspective view
illustrating a water flow of the cooling water supplied
from a cooling water pipe group in Inventive Example
1.

[Fig. 12] Fig. 12illustrates simulation results of Com-
parative Example 1 and Comparative Example 2.
[Fig. 13] Fig. 13 illustrates a confirmation result of
presence or absence of the entry of granular iron into
the water supply inlet.

Description of Embodiment

[0014] Hereinafter, the present invention will be de-
scribed through an embodiment. Fig. 1 is a schematic
sectional view of a granular iron manufacturing appara-
tus 70 according to the present embodiment. The gran-
ular iron manufacturing apparatus 70 is an apparatus
configured to manufacture granular iron that is a granular
iron material by cooling and solidifying moltenironin form
of liquid drops, such as molten pig iron or molten steel.
The granular iron manufacturing apparatus 70 includes a
granulation device 10 configured to break up molten iron
into liquid drops, a cooling water tank 20, a water-flow
controlling container 30, a cooling water pipe group 40,
and a conveyance device 50.

[0015] The granulation device 10 includes a tundish 12
(such as a molten pig iron tub) containing molten iron 60
and provided with a nozzle 16, at a bottom portion, for
discharging the molten iron, and the granulation device
10 also includes a molten-iron receiving board 14 against
which a liquid column 62 of the molten iron that is dis-
charged through the nozzle 16 and flows down is caused
to hit. The molten-iron receiving board 14 is constituted
by a disk-shaped refractory material and is supported by
asupportbody 18. The liquid column 62 of the molteniron
flowing down from the nozzle 16 hits against the molten-
iron receiving board 14, and liquid drops 64 of the molten
iron 60 scatter therearound.

[0016] When the liquid drops 64 of the molten iron 60
are increased in size, solidification takes time due to
increase in heat capacity, and the drops of the molten
iron 60, while maintaining a high temperature, are mu-
tually fused to coalesce into a large body inside the water-
flow controlling container 30; thus, there may be difficulty
in conveyance thereof. For this reason, the granulation
device 10 preferably forms the liquid drops 64 such that
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the maximum length of granular iron 66 after cooling of
the molten iron 60 is 50 mm or less. The molten iron 60 is
broken up into the liquid drops 64 at the granulation
device 10 and falls into cooling water 24. Moreover, in
the granulation device 10, a flow-down amount of the
molten iron 60 from the tundish 12 is controlled such that
the liquid drops 64 fall into a region where the water-flow
controlling container 30 is provided.

[0017] The cooling water tank 20 contains the cooling
water 24 and the water-flow controlling container 30. The
water-flow controlling container 30 is installed in the
cooling water 24 contained in the cooling water tank
20. The cooling water 24 contained in the cooling water
tank 20 may include the cooling water 24 drained from the
water-flow controlling container 30. The cooling water 24
contained in the cooling water tank 20 is drained through
a drain outlet 22 by a flow equal to the supplied cooling
water flow such that a surface of the cooling water 24 in
the cooling water tank 20 is maintained at a constant
level. Note that the cooling water tank 20 having a large
capacity facilitates the control of the surface of the cooling
water and enables the granular iron manufacturing ap-
paratus 70 to stably manufacture the granular iron.
[0018] The water-flow controlling container 30 is pro-
vided in the cooling water tank 20 at a position at which
the water-flow controlling container 30 receives the mol-
ten iron broken up into the liquid drops at the granulation
device 10. The water-flow controlling container 30 cools
and solidifies the liquid drops into the granular iron 66 by
using the cooling water 24 contained thereinside.
[0019] The water-flow controlling container 30 in-
cludes a partition cylindrical body 32 including an inclined
surface 34 inclined such that a horizontal cross-sectional
area decreases toward the lower side and a duct cylind-
rical body 35 connected to a lower portion of the partition
cylindrical body 32. The partition cylindrical body 32 has,
in an upper end portion, a drop opening 33 for receiving
the liquid drops 64, and the duct cylindrical body 35 has,
in a lower end portion, a discharge outlet 36 for dischar-
ging the granulariron. That is, the upper and lower ends
of the water-flow controlling container 30 are open. The
outer-side shape of the water-flow controlling container
30 is not particularly limited as long as the inclined sur-
face 34 is formed on the inner side of the water-flow
controlling container 30. The inclination angle of the
inclined surface 34 is preferably within a range of 40 to
60° in view of, for example, prevention of the build-up of
the granulariron 66. In addition, as in Fig. 1, the example
without a circular cylindrical portion on the upper end side
of the water-flow controlling container 30 is given, but the
circular cylindrical portion may be provided on the upper
end side of the water-flow controlling container 30.
[0020] Inthe presentembodiment,acoolingregionAis
defined as a cooling region, for the granular iron 66,
formed by the water-flow controlling container 30. The
reason for providing the cooling region A formed by the
water-flow controlling container 30 as described above is
to obtain the following two effects.
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(1) The granular iron 66 can be cooled efficiently by
introducing the cooling water 24 into the cooling
region A in a concentrated manner.

(2) The granular iron 66 can be easily collected
because the granular iron 66 formed inside the parti-
tion cylindrical body 32 is collected in one place due
to the inclined surface 34.

[0021] The cooling water pipe group 40 is a group of
water pipes allowing the cooling water 24 cooled to 0°C or
higher and 35°C or lower by a cooling facility such as a
heat exchanger ora cooling tower, which is notillustrated,
to pass therethrough. When the cooling water 24 is
supplied from the cooling water pipe group 40 into the
partition cylindrical body 32 of the water-flow controlling
container 30, the cooling water 24 has a disposition to
flow to the upper side where the opening is large. Thus,
when the cooling water is supplied from the lower side of
the partition cylindrical body 32 toward a cylindrical core,
flows of the cooling water merge at the cylindrical core
inside the partition cylindrical body 32 and move upward.
On the other hand, when the cooling water is supplied
from the upper side to the lower side of the partition
cylindrical body 32 along the inclined surface 34, the
flows of the cooling water 24 that have moved upward
after merging at the cylindrical core inside the partition
cylindrical body 32 do not move out into the cooling water
tank 20 through the drop opening 33 of the partition
cylindrical body 32 and spread toward a circumferential
direction near the drop opening 33; thus, afirst circulating
flow accompanied by the cooling-water flow moving
downward along the inclined surface 34 of the partition
cylindrical body 32 is generated. By generating the first
circulating flow, the granular iron 66 can be cooled by a
counterflow, and a stagnation region inside the partition
cylindrical body 32 can be reduced. The cooling water
pipe group 40 includes an upper-level cooling water pipe
group 44 and a middle-level cooling water pipe group 46
that are connected to the partition cylindrical body and a
lower-level cooling water pipe group 48 connected to the
duct cylindrical body 35.

[0022] The middle-level cooling water pipe group 46 is
connected horizontally to a middle level, of the inclined
surface 34, in a range from the center of the partition
cylindrical body 32 in an up-down direction to a level 650
mm lower than the center, toward the cylindrical core of
the partition cylindrical body 32. When the cooling water
24 is supplied from the middle-level cooling water pipe
group 46 into the partition cylindrical body 32, flows of the
cooling water 24 move toward the cylindrical core of the
partition cylindrical body 32, merge atthe cylindrical core,
and move upward. The flows of the cooling water 24 that
have moved upward after merging at the cylindrical core
spread in the circumferential direction at the upper end of
the partition cylindrical body 32 and flow downward along
the inclined surface 34, and the first circulating flow is
thus generated. The cooling water 24 supplied from the
middle-level cooling water pipe group 46 forms part of the
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first circulating flow.

[0023] The cooling water flow supplied from the mid-
dle-level cooling water pipe group 46 is preferably 1500
m3/h or more and 3900 m3/h or less. The cooling water
flow less than 1500 m3/h is not preferable because a
strong and stable upward flow is hardly generated at the
cylindrical core of the partition cylindrical body 32. In
addition, the cooling water flow more than 3900 m3/h is
not preferable because some of the cooling water 24
deviates from the first circulating flow and flows into the
cooling water tank 20 through the drop opening 33 of the
partition cylindrical body 32.

[0024] The flow velocity of the cooling water 24 sup-
plied from the middle-level cooling water pipe group 46 is
preferably 1.8 m/s or more and 2.2 m/s or less. The
cooling water 24 supplied from the middle-level cooling
water pipe group 46 at a flow velocity slower than 1.8 m/s
is not preferable because the cooling water 24 decele-
rates before reaching the cylindrical core of the partition
cylindrical body 32, and a strong and stable upward flow
is thus hardly generated. In addition, the cooling water 24
supplied from the middle-level cooling water pipe group
46 at a flow velocity faster than 2.2 m/s is not preferable
because the pressure loss in a cooling water pipe 41 is
increased, and a large-scaled water delivery facility such
as a pump is thus required.

[0025] The upper-level cooling water pipe group 44 is
connected to an upper level of the inclined surface 34
including the upper end of the partition cylindrical body
32. The upper-level cooling water pipe group 44 is con-
nected to a water supply jacket 45. The water supply
jacket 45 covers an upper-level portion of the partition
cylindrical body 32 including a slit 42 having a predeter-
mined gap in an upper-end peripheral edge of the parti-
tion cylindrical body 32 and water supply inlets 43 pro-
vided in the inclined surface 34 at the upper level of the
partition cylindrical body 32, and the water supply jacket
45 supplies the cooling water into the slit42 and the water
supply inlets 43. The upper-level cooling water pipe
group 44 is connected to a portion of the inclined surface
34, including the upper end of the partition cylindrical
body 32, in a range from the upper end of the partition
cylindrical body 32 to a level 1000 m lower than the upper
end of the partition cylindrical body 32.

[0026] The flow velocity of the cooling water 24 sup-
plied through each of the slit 42 and the water supply
inlets 43 is preferably 0.1 m/s or more and 0.7 m/s or less.
When the cooling water 24 is supplied into the partition
cylindrical body 32 through each of the slit 42 and the
water supply inlets 43 at a flow velocity within this range,
the cooling water 24 flows from the upper end of the
inclined surface 34 toward the lower side along the
inclined surface 34, instead of flowing toward the cylind-
rical core of the partition cylindrical body 32. Thus, the
cooling water 24 supplied from the upper-level cooling
water pipe group 44 come to form part of the first circulat-
ing flow, thereby stabilizing the first circulating flow. The
cooling water flow supplied from the upper-level cooling
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water pipe group 44 is preferably 700 m3/h or more and
3000 m3/h or less. The cooling water flow supplied from
the upper-level cooling water pipe group 44 less than 700
m3/h is not preferable because the first circulating flow
may be failed to be stabilized. In addition, the cooling
water flow supplied from the upper-level cooling water
pipe group 44 more than 3000 m3/h is not preferable
because the effect of stabilizing the first circulating flow is
saturated, the cooling water moves downward along the
inclined surface 34 without contributing to cool the gran-
ulariron 66 and is just drained through the drain outlet 22
in a lower end of the partition cylindrical body 32. In
addition, the distribution ratio of the cooling water flow
supplied through the slit 42 to the cooling water flow
supplied through the water supply inlets 43 is preferably
6:4.

[0027] Inthelower-level cooling water pipe group 48, at
least one pair of water pipes is connected horizontally to a
side surface of the duct cylindrical body 35 toward a
cylindrical core of the duct cylindrical body 35 while the
water pipes facing each other. When the cooling water 24
is supplied from the lower-level cooling water pipe group
48 into the duct cylindrical body 35, flows of the cooling
water 24 move toward the cylindrical core of the duct
cylindrical body 35, merge at the cylindrical core, and
move upward, and a second circulating flow circulating
inside the duct cylindrical body 35 is thus generated.
[0028] The cooling water flow supplied from the lower-
level cooling water pipe group 48 is preferably 250 m3/h
or more and 750 m3/h or less. The cooling water flow
supplied from the lower-level cooling water pipe group 48
less than 250 m3/h is not preferable because the second
circulating flow inside the duct cylindrical body 35 is
hardly generated, and a stagnation region having a high
water temperature may be generated. In addition, the
cooling water flow supplied from the lower-level cooling
water pipe group 48 more than 750 m3/h is not preferable
because drainage from the lower end of the partition
cylindrical body 32 is impeded.

[0029] The flow velocity of the cooling water 24 sup-
plied from the lower-level cooling water pipe group 48 is
preferably 0.5 m/s or more and 1.0 m/s or less. The
cooling water 24 supplied into the duct cylindrical body
35 at a flow velocity slower than 0.5 m/s is not preferable
because the effect of stirring the inside of the duct cylind-
rical body 35 is reduced. In addition, the cooling water 24
supplied into the duct cylindrical body 35 at a flow velocity
faster than 1.0 m/s is not preferable because the amount
of leaking water from a gap between the lower end of the
duct cylindrical body 35 and the conveyance device 50 is
increased.

[0030] Fig.2is a schematic sectional view of a portion
of the water-flow controlling container 30 to which the
cooling water pipe group is connected. Fig. 2(a) is a
schematic sectional view of a portion of the water-flow
controlling container 30 to which the upper-level cooling
water pipe group 44 is connected, and Fig. 2(b) is a
schematic sectional view of a portion of the water-flow
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controlling container 30 to which the middle-level cooling
water pipe group 46 is connected. Fig. 2(c) is a schematic
sectional view of a portion of the water-flow controlling
container 30 to which the lower-level cooling water pipe
group 48 is connected.

[0031] As Fig. 2(a) illustrates, the upper-level cooling
water pipe group 44 is constituted by two cooling water
pipes 41. The cooling water 24 is supplied from the two
cooling water pipes 41 to the water supply jacket45 and is
distributed, in the water supply jacket 45, into the slit 42
having an annular shape and 16 water supply inlets 43
radially arranged in the inclined surface 34 of the partition
cylindrical body 32. The cooling water 24 is supplied into
the partition cylindrical body 32 through the annular slit42
and the 16 water supply inlets 43. The middle-level cool-
ing water pipe group 46 is constituted by four cooling
water pipes 41 each disposed horizontally toward the
cylindrical core of the partition cylindrical body 32. The
cooling water 24 is supplied into the partition cylindrical
body 32 from the four cooling water pipes 41. The lower-
level cooling water pipe group 48 is constituted by four
cooling water pipes 41. Two of the four cooling water
pipes 41 are each disposed horizontally toward the cy-
lindrical core of the duct cylindrical body 35 while facing
each other, and the other two cooling water pipes 41 are
disposed on a side surface of the duct cylindrical body.
The cooling water 24 is supplied from the four cooling
water pipes 41 into the duct cylindrical body 35. As
described above, in the granular iron manufacturing ap-
paratus 70 according to the present embodiment, the
cooling water is supplied into the partition cylindrical body
32 and the duct cylindrical body 35 by using in total 10
cooling water pipes 41. Note that, although the sectional
shape of the duct cylindrical body 35 is a quadrilateral in
the exampleillustrated in Fig. 2, this is not the only option,
and the sectional shape of the duct cylindrical body 35
may be a circle.

[0032] Fig. 3 is a schematic sectional view illustrating
circulating flows generated inside the partition cylindrical
body 32 and the duct cylindrical body 35. Afirst circulating
flow B1 is a circulating flow circulating inside the partition
cylindrical body 32. Flows of the cooling water 24 sup-
plied from the middle-level cooling water pipe group 46
merge at cylindrical core to thus generate a strong up-
ward flow. Near the drop opening 33, the strong upward
flow spreads toward a peripheral edge portion. The water
flows that have moved to the peripheral edge portion
become downward flows moving downward along the
inclined surface 34. The downward flows merge with the
cooling-water flows from the slit 42 and the water supply
inlets 43, move toward the lower side along the inclined
surface 34 due to the regulating action of the cooling-
water flows, and are discharged from the lower end
connected to the duct cylindrical body 35. The first cir-
culating flow B1 inside the partition cylindrical body 32
can maintain the water temperature in a region, of the
cooling region A, from the middle level to the upper level
atasuitable watertemperature of about 50°C. In addition,
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the strong upward flow generated at a cylindrical core
part of the partition cylindrical body 32 is a counterflow
relative to the granular iron 66 dropped through the drop
opening 33 and moving downward, thereby being able to
cool the granular iron 66 with a high degree of cooling
efficiency.

[0033] A second circulating flow B2 is a circulating flow
generated inside the duct cylindrical body 35. The drai-
nage water from the lower end of the partition cylindrical
body 32 merges with a discharge flow of the low-tem-
perature water from the lower-level cooling water pipe
group 48 and is stirred, and a circulating flow is thereby
generated inside the duct cylindrical body 35. Thus, the
granulariron collected by the partition cylindrical body 32
can be cooled efficiently.

[0034] As described above, by generating the first
circulating flow B1 inside the partition cylindrical body
32 and the second circulating flow B2 inside the duct
cylindrical body 35, the cooling water inside each of the
partition cylindrical body 32 and the duct cylindrical body
35 is stirred, and a stagnation region inside each of the
partition cylindrical body 32 and the duct cylindrical body
35 can be suppressed from being generated. Thus, a
local temperature rise of the cooling water 24 inside each
of the partition cylindrical body 32 and the duct cylindrical
body 35 is suppressed, and the granular iron 66 can be
cooled efficiently. As a result, fusion and coalescence of
the granular iron 66 due to insufficient cooling can be
suppressed.

[0035] Since the upward flow generated at the cylind-
rical core of the partition cylindrical body 32 is a cooling-
water flow against the granular iron 66 dropped through
the drop opening 33 and falling, a high degree of cooling
efficiency can be obtained. To form the upward flow
appropriately, the total cooling water flow supplied from
the middle-level cooling water pipe group 46 is preferably
larger than the total cooling water flow supplied from the
upper-level cooling water pipe group 44.

[0036] In addition, flows of the cooling water supplied
from the upper-level cooling water pipe group 44 con-
nected to the upper level of the inclined surface 34 of the
partition cylindrical body 32 move downward along the
inclined surface 34 and thus collide with the discharge
flows from the middle-level cooling water pipe group 46
connected to the middle level of the inclined surface 34 of
the partition cylindrical body 32. Thus, if the cooling water
flow supplied from the upper-level cooling water pipe
group 44 is larger than the cooling water flow supplied
from the middle-level cooling water pipe group 46, there
is concern that the water flows of the cooling water from
the upper-level cooling water pipe group 44 may weaken
the flows of the water discharged from the middle-level
cooling water pipe group 46, and the first circulating flow
B1 may hardly be formed. Thus, the total cooling water
flow supplied from the middle-level cooling water pipe
group 46 is preferably larger than the total cooling water
flow supplied from the upper-level cooling water pipe
group 44. Moreover, the total cooling water flow supplied
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from the middle-level cooling water pipe group 46 is more
preferably about four times the total cooling water flow
supplied from the upper-level cooling water pipe group
44,

[0037] The total cooling water flow supplied from the
lower-level cooling water pipe group 48 connected to the
duct cylindrical body 35 is preferably smaller than the
cooling water flow supplied from the upper-level cooling
water pipe group 44. If the total cooling water flow sup-
plied from the lower-level cooling water pipe group 48 is
larger than the total cooling water flow supplied from the
upper-level cooling water pipe group 44, there is concern
that the drainage from the lower end of the partition
cylindrical body 32 to the duct cylindrical body 35 may
be impeded, and the temperature inside the partition
cylindrical body 32 may be increased on the contrary.
Thus, the total cooling water flow supplied from the lower-
level cooling water pipe group 48 is preferably smaller
than the total cooling water flow supplied from the upper-
level cooling water pipe group 44. Moreover, the total
cooling water flow supplied from the lower-level cooling
water pipe group 48 is more preferably about one-half the
total cooling water flow supplied from the upper-level
cooling water pipe group 44.

[0038] To generate the first circulating flow B1 appro-
priately and to suppress the temperature inside the parti-
tion cylindrical body 32 from being increased on the
contrary, the total cooling water flow supplied from each
of the cooling water pipe groups is preferably decreased
in the order from the middle-level cooling water pipe
group 46, the upper-level cooling water pipe group 44,
and the lower-level cooling water pipe group 48. Since
controlling the total cooling water flow supplied from each
of the cooling water pipe groups as described above is
preferable, the granular iron manufacturing apparatus 70
according to the present embodiment preferably further
includes a control device configured to control the total
cooling water flow supplied from each of the upper-level
cooling water pipe group 44, the middle-level cooling
water pipe group 46, and the lower-level cooling water
pipe group 48. The control device is configured by using a
general-purpose computer and controls the supply water
flow of the cooling water 24 delivered to each of the
cooling water pipe groups by controlling a cooling facility
such as a heat exchanger or a cooling tower, which is not
illustrated.

[0039] In addition, the granular iron 66 that has been
cooled inside the water-flow controlling container 30 is
discharged through the discharge outlet 36 provided in a
lower portion of the water-flow controlling container 30.
The discharged granular iron 66 is conveyed outside the
cooling water tank 20 by the conveyance device 50 such
as a conveyor belt. The conveyance device 50 is not
limited to the conveyor belt and may be other conveyance
devices as long as the devices can convey the granular
iron 66 outside the cooling water tank 20. However, a
mesh conveyor preferably serves as the conveyance
device 50 so as not to carry the cooling water 24 outside
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the cooling water tank 20.

[0040] Fig. 4 is a schematic sectional view of another
water-flow controlling container 80 used for the granular
iron manufacturing apparatus according to the present
embodiment. In the water-flow controlling container 80
illustrated in Fig. 4, the same constituents as those in the
water-flow controlling container 30 illustrated in Fig. 1 are
denoted by the same reference numbers, and the de-
scription thereof will be omitted. The water-flow control-
ling container 80 illustrated in Fig. 4 differs from the water-
flow controlling container 30 in illustrated Fig. 1 in that a
protrusion 90 is provided.

[0041] When the water supply inlet 43 through which
the cooling water 24 is supplied is provided in the inclined
surface 34 of the partition cylindrical body 32, there is
concern that the granular iron 66 falling along the inclined
surface 34 may enter the water supply inlet 43 and close
the water supply inlet 43. Thus, the protrusion 90 cover-
ing the upper side of the water supply inlet 43 and/or a
connection portion of the middle-level cooling water pipe
group 46 to the inclined surface is preferably provided.
Here, "covering the upper side of the water supply inlet 43
and the connection portion of the middle-level cooling
water pipe group 46" means providing the protrusion 90
up to a position at which the protrusion 90 hides the water
supply inlet 43 and the connection portion of the middle-
level cooling water pipe group 46 in top view. In addition,
the protrusion 90 preferably protrudes horizontally from
the inclined surface 34 toward the inside of the partition
cylindrical body 32 so as not to impede the flow of the
supplied cooling water 24.

[0042] Fig. 5 is a schematic view of the water supply
inlet 43 provided with a protrusion when viewed horizon-
tally. Fig. 5(a) illustrates the protrusion 90 having an
inverted V shape, and Fig. 5(b) illustrates a protrusion
91 havinganinverted U shape. As Fig. 5(a)illustrates, the
sectional shape of the protrusion 90 is preferably the
inverted V shape protruding upward and inclined so as
to become wider toward the lower side. By forming the
sectional shape of the protrusion 90 into the inverted V
shape, the granular iron 66 can be suppressed from
entering the water supply inlet 43 while being suppressed
from accumulating on an upper surface of the protrusion
90.

[0043] The protrusion 91 having an inverted U-shaped
section may be provided instead of the protrusion 90. By
providing the protrusion 91 having the inverted U-shaped
section as described above, the granular iron 66 can be
suppressed from entering the water supply inlet 43 while
being suppressed from accumulating on an upper sur-
face of the protrusion 91.

[0044] Fig. 6 is a schematic sectional view of another
water-flow controlling container 82 used for the granular
iron manufacturing apparatus according to the present
embodiment. In the water-flow controlling container 82
illustrated in Fig. 6, the same constituents as those in the
water-flow controlling container 80 illustrated in Fig. 4 are
denoted by the same reference numbers, and the de-
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scription thereof will be omitted. The water-flow control-
ling container 82 illustrated in Fig. 6 differs from the water-
flow controlling container 80 illustrated in Fig. 4 in that a
protective cover 92 is provided.

[0045] As described above, when the water supply
inlet 43 is provided, there is concern that the granular
iron 66 falling along the inclined surface 34 may enter the
water supply inlet 43 and close the water supply inlet 43.
In particular, the granular iron 66 at the upper level of the
partition cylindrical body 32 is still in a molten state and is
thereby hardly removed when adhering to an inner side of
the water supply inlet 43. Thus, it is more preferable to
provide the protective cover 92 covering the upper side of
the water supply inlet 43. Here, "covering the upper side
of the water supply inlet 43" means providing the protec-
tive cover 92 up to a position at which the protective cover
92 hides the water supply inlet 43 in top view. In addition,
the protective cover 92is preferably provided at a position
at which the protective cover 92 does not hide the water
supply inlet 43 when viewed horizontally so as not to
impede the flow of the cooling water 24 supplied through
the water supply inlet 43. Moreover, the protective cover
92 also covers a portion of the inclined surface 34 above
the water supply inlet 43 along an inclination direction of
the inclined surface 34. An upper end portion of the
protective cover 92 preferably has a structure that is
closed so as to prevent the scattering liquid drops 64
from entering the inside of the protective cover 92, and
the inclination angle of the protective cover 92 is pre-
ferably equal to that of the inclined surface 34.

[0046] Fig. 7 is a schematic view of the water supply
inlet 43 provided with the protective cover 92 when
viewed horizontally. As Fig. 7 illustrates, the sectional
shape of the protective cover 92 is preferably a semicir-
cular shape or a semielliptical shape becoming wider
toward the lower side. By forming the sectional shape
of the protective cover 92 into the semicircular shape or
the semielliptical shape, the granular iron 66 can be
suppressed from entering the water supply inlet 43 while
being suppressed from accumulating on an upper sur-
face of the protective cover 92.

[0047] Note that the example in which each of the
water-flow controlling containers 80 and 82 is provided
with one of the protrusion 90 and the protective cover 92
for the water supply inlet 43 is given but is not the only
option, and the protrusion 90 and the protective cover 92
may be provided for the water supply inlet 43. Even with
such a configuration, the granular iron 66 can be sup-
pressed from entering the water supply inlet 43.

[0048] As described above, the granular iron manu-
facturing apparatus 70 according to the present embodi-
ment manufactures the granular iron 66 from the molten
iron 60 by generating the first circulating flow B1 of the
cooling water 24 from the lower side toward the upper
side inside the partition cylindrical body 32, by further
generating the second circulating flow B2 of the cooling
water 24 from the lower side toward the upper side inside
the duct cylindrical body 35, and by cooling the granular
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iron 66 by the two circulating flows. The first circulating
flow B1 is a couterflow relative to the direction where the
granular iron 66 moves downward, and thus cools the
granulariron 66 efficiently. Moreover, the circulating flows
B1 and B2 stir the inside of the partition cylindrical body
32 and the inside of the duct cylindrical body 35, and a
stagnation region inside each of the partition cylindrical
body 32 and the duct cylindrical body 35 is thereby
suppressed from being generated. Consequently, the
cooling effect of the granular iron is enhanced, and the
iron granules are suppressed from being mutually fused
to coalesce during a cooling time of the granular iron.
[0049] Next, a result of a simulation conducted for
confirming the cooling effect of the granular iron exhibited
by the granular iron manufacturing apparatus according
to the present embodiment will be described. A cooling
water supply model having the same configuration as the
water-flow controlling container 30 disposed inside the
coolingwater tank 20 in Fig. 1 was created, and the water
temperature distribution of the cooling water inside the
water-flow controlling container and in the vicinity thereof
was simulated by using the model. Note that the falling
speeds and the heat amounts of the granular iron in the
water inside the partition cylindrical body and on the
inclined surface were actually measured through experi-
ments conducted in advance, and the position distribu-
tion and the amount of generated heat of the granulariron
inside each of the partition cylindrical body and the duct
cylindrical body were modeled.

[0050] In a simulation result, it has been judged that
efficient cooling of the granular iron can be achieved in a
case where the temperatures of the cooling water inside
the partition cylindrical body, inside the duct cylindrical
body, and in the vicinities thereof are 70°C or lower, and,
moreover, the granular iron is cooled to 650°C or lower
when accumulated on the conveyance device.

[0051] Fig. 8 illustrates simulation conditions of Inven-
tive Example 1 and Inventive Example 2. Fig. 9illustrates
simulation conditions of Comparative Example 1 and
Comparative Example 2. Simulations were conducted
with the cooling water supply models of Inventive Exam-
ples 1 and 2 and Comparative Examples 1 and 2 in which
pipe layout, pipe count, the flow rate distribution of the
cooling water, and pipe diameter (nominal diameter (A))
were set as in Figs. 8 and 9. Note that the cooling water
pipe layout of Inventive Example 1 is the same as the
cooling water pipe layout of the water-flow controlling
container 30 illustrated in Fig. 2.

[0052] The cooling water pipe layout of Inventive Ex-
ample 2 is the same as the cooling water pipe layout of
Inventive Example 1, except that the number of the cool-
ing water pipes of the upper-level cooling water pipe
group connected to the water supply jacket is one, and
the number of the water pipes of the lower-level cooling
water pipe group connected to the side surface of the duct
cylindrical body is one fewer than that of Inventive Ex-
ample 1. The model of Inventive Example 2 was changed
in flow rate distribution of the cooling water as follows.
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The total cooling water flow supplied from the middle-
level cooling water pipe group was about 40% of that of
Inventive Example 1, and the water flow of the cooling
water supplied from the upper-level cooling water pipe
group was three times that of Inventive Example 1.
[0053] In the model of Comparative Example 1, the
upper-level cooling water pipe group and the lower-level
cooling water pipe group were omitted, and only the
middle-level cooling water pipe group supplied the cool-
ing water. The pipe count, the arrangement, the flow rate
of the cooling water, and the pipe diameter of Compara-
tive Example 1 were similar to those of Inventive Example
1. The model of Comparative Example 2 was changed in
flow rate distribution of the cooling water as follows. The
number of the pipes of each of the middle-level cooling
water pipe group and the lower-level cooling water pipe
group was a half or less of that of Inventive Example 1 to
reduce the water flow of the supplied cooling water by
half, and the water flow of the cooling water supplied from
the upper-level cooling water pipe group was twice that of
Inventive Example 1. Two pipes of the middle-level cool-
ing water pipe group were connected to the inclined
surface at point-symmetric positions relative to the center
of a horizontal section of the partition cylindrical body
such that central axes of the cooling water pipes were
parallel to each other.

[0054] Other simulation conditions common to Inven-
tive Example 1, Inventive Example 2, Comparative Ex-
ample 1, and Comparative Example 2 are as follows.

(1)The temperature of the molten pig iron: 1500°C
(2)The outflow rate of the molten iron from the tund-
ish: 450 ton/h

(3)The water temperature of the cooling water: 35°C
(4)The inclination angle of the inclined surface of the
partition cylindrical body: 56°

(5)The diameter of the discharge outlet of the parti-
tion cylindrical body: ¢1560 mm

(6)The height of the partition cylindrical body: 3300
mm (7)The height of the inclined surface of the
partition cylindrical body: 3291 mm (incline length:
3970 mm)

[0055] Fig. 10illustrates simulation results of Inventive
Example 1 and Inventive Example 2. As given in Inven-
tive Example 1 of Fig. 10, the temperature of the cooling
water inside the water-flow controlling container fell with-
in a range of 52 to 69°C, thereby achieving a target
temperature of 70°C or less. Further, the temperature
of the granular iron when accumulated on the convey-
ance device was 550°C at the maximum, thereby also
achieving a target granular iron temperature of 650°C or
less.

[0056] Fig. 11 is a schematic perspective view illustrat-
ing a water flow of the cooling water supplied from the
cooling water pipe group in Inventive Example 1. Fig.
11(a) is a schematic perspective view illustrating a water
flow of the cooling water supplied from the upper-level
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cooling water pipe group. Fig. 11(b) is a schematic per-
spective view illustrating a water flow of the cooling water
supplied from the middle-level cooling water pipe group.
Fig. 11(c) is a schematic perspective view illustrating a
water flow of the cooling water supplied from the lower-
level cooling water pipe group. As Figs. 11(a) and 11(b)
illustrate, it has been confirmed that the first circulating
flow was generated inside the partition cylindrical body in
Inventive Example. In addition, as in Fig. 11(c), it has
been confirmed that the second circulating flow was
generated inside the duct cylindrical body in Inventive
Example.

[0057] Referring again to Fig. 10, in Inventive Example
2, although the cooling water flow from the middle-level
cooling water pipe group was reduced to 40%, an upward
flow at the cylindrical core was generated. A strong water
flow moving downward from the upper-level cooling
water pipe group along the inclined surface of the parti-
tion cylindrical body was generated particularly on the
side where the cooling water pipe was connected to the
water supply jacket (on the right side of the paper sheet of
the figure), the cooling water was stirred while the first
circulating flow was stabilized, the temperature of the
cooling water inside the water-flow controlling container
was maintained at 70°C or less, and the target tempera-
ture of 70°C or less was thus achieved. Further, the
temperature of the granular iron when accumulated on
the conveyance device was 646°C at the maximum,
thereby also achieving the target granular iron tempera-
ture of 650°C or less. Note that, in comparison of the
temperature of the granular iron when accumulated on
the conveyance device between Inventive Example 1
and Inventive Example 2, the temperature of the granular
iron in Inventive Example 1, in which the total cooling
water flow supplied from the middle-level cooling water
pipe group was made larger than the total cooling water
flow supplied from the upper-level cooling water pipe
group, was about 100°C lower than that of Inventive
Example 2. It has been confirmed, from these results,
that the granular iron could be cooled with a high degree
of cooling efficiency by making the total cooling water flow
supplied from the middle-level cooling water pipe group
larger than the total cooling water flow supplied from the
upper-level cooling water pipe group.

[0058] Fig. 12 illustrates simulation results of Com-
parative Example 1 and Comparative Example 2. As
Fig. 12 illustrates, in Comparative Example 1, a large
amount of the cooling water was supplied from the mid-
dle-level cooling water pipe group, and a strong upward
flow was thereby generated. The upward flow stirred the
cooling water and maintained the temperature of the
cooling water in a center region of the partition cylindrical
body at 70°C or less. However, the cooling water was not
stirred in an upper region and a lower region of the
partition cylindrical body, and the cooling water stagnated
in the regions. Thus, the temperature of the granular iron
when accumulated on the conveyance device became
652°C and was slightly above the target temperature of
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650°C or less.

[0059] In Comparative Example 2, the two cooling
water pipes of the middle-level cooling water pipe group
were connected to the inclined surface of the partition
cylindrical body at point-symmetric positions relative to
the center of the horizontal section of the partition cylind-
rical body such that the central axes of the cooling water
pipes were parallel to each other. Thus, different from
Inventive Example 1 and Comparative Example 1, a
strong upward flow in the vicinity of the cylindrical core
was not generated, and a swirl flow moving upward while
swirling inside the partition cylindrical body was gener-
ated instead of the upward flow. The water temperature
inside the partition cylindrical body of Comparative Ex-
ample 2 became lower than that of each of Inventive
Example 1 and Comparative Example 1, which proves
that the heat of the granular iron was not taken. The
temperature of the granular iron when accumulated on
the conveyance device became 700°C at the maximum
and thus exceeded substantially the target temperature
of 650°C or less, and a wide range of granular iron
temperature variation from 460°C to 700°C was exhib-
ited. It has been confirmed, from the above simulation
results, that the granular iron manufacturing apparatus
according to the present embodiment could cool the
granular iron efficiently.

[0060] Next, regarding the water-flow controlling con-
tainer 80illustrated in Fig. 4 and the water-flow controlling
container 82 illustrated in Fig. 6, a confirmation result of
presence or absence of the entry of the granular iron into
the water supply inlet 43 will be described. Fig. 13 illus-
trates a confirmation result of presence or absence of the
entry of granular iron into the water supply inlet 43. The
water-flow controlling container 80 illustrated in Fig. 4 is
given in Inventive Example 3, and the water-flow con-
trolling container 82 illustrated in Fig. 6 is given in In-
ventive Example 4.

[0061] In Inventive Example 3, since the protrusion 90
covering the upper side of the water supply inlet 43 was
provided, the protrusion 90 suppressed the granulariron
from entering the water supply inlet 43. Thus, it has been
confirmed that the water supply inlet 43 could allow the
cooling water 24 to be supplied therethrough without
being closed by the granular iron, and the granular iron
could be manufactured while being cooled with a high
degree of cooling efficiency by using the water-flow con-
trolling container 80.

[0062] In Inventive Example 4, since the protective
cover 92 covering the upper side of the water supply inlet
43 was provided, the protective cover 92 suppressed the
granular iron from entering the water supply inlet 43.
Thus, it has been confirmed that the water supply inlet
43 could allow the cooling water 24 to be supplied there-
through without being closed by the granulariron, and the
granular iron could be manufactured while being cooled
with a high degree of cooling efficiency by using the
water-flow controlling container 82.
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Reference Signs List
[0063]

10  granulation device

12  tundish
14 molten-iron receiving board
16  nozzle

18  support body

20  cooling water tank

22 drain outlet

24 cooling water

30 water-flow controlling container

32  partition cylindrical body

33  drop opening

34  inclined surface

35  duct cylindrical body

36 discharge outlet

40 cooling water pipe group

41  cooling water pipe

42 slit

43  water supply inlet

44  upper-level cooling water pipe group
45  water supply jacket

46  middle-level cooling water pipe group
48 lower-level cooling water pipe group
50 conveyance device

60 molten iron

62  liquid column

64  liquid drop

66  granulariron

70 granular iron manufacturing apparatus
80  water-flow controlling container

82  water-flow controlling container

90 protrusion

91  protrusion

92  protective cover

Claims

1. Agranulariron manufacturing apparatus including a
granulation device configured to break up molten
iron into a liquid drop and a cooling water tank con-
figured to cool the liquid drop by causing the liquid
drop to fall into cooling water, the granular iron man-
ufacturing apparatus comprising:

a water-flow controlling container that is pro-
vided inside the cooling water tank and whose
upper and lower ends are open; and a cooling
water pipe group configured to supply cooling
water into the water-flow controlling container,
wherein

the water-flow controlling container includes a
partition cylindrical body including an inclined
surface inclined such that a horizontal cross-
sectional area decreases toward a lower side
and a duct cylindrical body connected to a lower
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portion of the partition cylindrical body,

the cooling water pipe group includes an upper-
level cooling water pipe group and a middle-
level cooling water pipe group that are con-
nected to the partition cylindrical body and a
lower-level cooling water pipe group connected
to the duct cylindrical body,

the upper-level cooling water pipe group is con-
nected to an upper level, of an inclined surface,
including an upper end of the partition cylindrical
body and generates, with cooling water supplied
from the upper-level cooling water pipe group, a
cooling-water flow from an upper side to the
lower side along an inclined surface,

the middle-level cooling water pipe group is
connected horizontally to a middle level of an
inclined surface of the partition cylindrical body
toward a cylindrical core of the partition cylind-
rical body and generates, with cooling water
supplied from the middle-level cooling water
pipe group, a first circulating flow including flows
moving toward the cylindrical core of the parti-
tion cylindrical body, merging at the cylindrical
core, and moving upward, the first circulating
flow being accompanied by the cooling-water
flow from the upper side to the lower side along
an inclined surface and circulating inside the
partition cylindrical body, and

the lower-level cooling water pipe group is con-
nected to a side surface of the duct cylindrical
body and generates, with cooling water supplied
from the lower-level cooling water pipe group
and drainage water from the partition cylindrical
body, a second circulating flow circulating inside
the duct cylindrical body.

The granular iron manufacturing apparatus accord-
ing to Claim 1, further comprising

a conveyance device provided below the water-
flow controlling container and

configured to convey granular iron cooled inside
the water-flow controlling container to an outside
of the cooling water tank.

The granular iron manufacturing apparatus accord-
ing to Claim 1 or 2, further comprising

a control device configured to control a cooling water
flow supplied from the cooling water pipe group into
the water-flow controlling container, wherein the
control device controls such that the cooling water
flow supplied from the cooling water pipe group is
decreased in an order from the middle-level cooling
water pipe group, the upper-level cooling water pipe
group, and the lower-level cooling water pipe group.

The granular iron manufacturing apparatus accord-
ing to any one of Claims 1 to 3, wherein
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a protrusion covering an upper side of a connection
portion of the upper-level cooling water pipe group
and/or the middle-level cooling water pipe group
connected to the inclined surface is provided.

The granular iron manufacturing apparatus accord-
ing to Claim 4, wherein

a sectional shape of the protrusion is an inverted V
shape or an inverted U shape becoming wider from
the upper side toward the lower side.

The granular iron manufacturing apparatus accord-
ing to any one of Claims 1 to 5, wherein

a protective cover covering an upper side of a con-
nection portion of the upper-level cooling water pipe
group connected to the inclined surface is provided,
and an upper end portion of the protective cover is
closed.

The granular iron manufacturing apparatus accord-
ing to Claim 6, wherein

a sectional shape of the protective cover is a semi-
circular shape or a semielliptical shape becoming
wider from the upper side toward the lower side.

A granular iron manufacturing method using the
granular iron manufacturing apparatus according
to any one of Claims 1 to 7, the middle-level cooling
water pipe group, the upper-level cooling water pipe
group, and the lower-level cooling water pipe group
being decreased in cooling water flow supplied from
the cooling water pipe group in this order.
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FIG. 12
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FIG. 13
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