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(67)  Anobjectis to suppress a disturbance of flow in
a passage-enlarged portion and to minimize the degree
of dispersion in flow rates with respect to the width direc-
tion of a passage. A yarn cooler 3 includes cooling cyl-
inders 21 and a duct 25 through which air is supplied to
the cooling cylinders 21. The duct 25 includes: a sec-
tor-like passage-enlarged portion 28 in which the width
of the passage increases toward the cooling cylinders
21; and a plurality of flow adjustment plates 29 arranged

FIG.3A

in the passage-enlarged portion 28 so as to radially fan
out toward an exit portion of the passage-enlarged por-
tion 28. Each of the flow adjustment plates 29 includes
a bulging portion 32 at its end portion closer to an en-
trance portion of the passage-enlarged portion 28. The
bulging portions 32 are arranged in an arc protruding
toward the exit portion of the passage-enlarged portion
28.
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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a yarn cooler
configured to cool yarns spun out from a spinning device.
[0002] In the field of melt spinning, there has been
known a yarn cooler configured to cool yarns spun out
from a spinning device. For example, as disclosed in Pat-
ent Literature 1 (Japanese Unexamined Patent Publica-
tion No. 2011-252260), a yarn cooler generally includes:
a yarn cooling unit configured to cool a spun out yarn by
air blown to the yarn; and a duct through which cooling
air is supplied to the yarn cooling unit.

[0003] The duct of such a yarn cooler has a portion in
which the width of a passage in the ductincreases toward
the yarn cooling unit. Herein, such a portion is referred
to as a passage-enlarged portion. In the passage-en-
larged portion, air tends to flow in the following manner:
the flow rate of air is the highest at a central part of this
portion in the width direction of the passage; and the far-
ther the airflow is from the central part, the lower the flow
rate is. This flow-rate distribution may cause unevenness
in cooling of the yarn in the yarn cooling unit. To deal with
this, it is desirable to equalize the flow rates as uniform
as possible with respectto the width direction by adjusting
airflows in the passage-enlarged portion.

[0004] Inrelation to this, Patent Literature 2 (Japanese
Unexamined Patent Publication No. H08-201215) dis-
closes the arrangement in which partition plates are ar-
ranged radially in a passage-enlarged portion (enlarged
duct portion) of a duct. In this arrangement, airflow in the
passage-enlarged portion is adjusted by the partition
plates. In Patent Literature 2, upstream end portions of
the partition plates, which ends are located upstream in
a flow path, are aligned in a straight line in the width
direction of the passage. That is, the upstream end por-
tions of the partition plates are at the same level.
[0005] Patent Literature 3 (Japanese Patent No.
4829002) discloses the arrangement in which wind di-
rection changing members are arranged though these
members are located downstream of a passage-en-
larged portion. In Patent Literature 3, an upstream end
portion of each wind direction changing member has a
bulging shape. As well as in Patent Literature 2, the end
portions of the wind direction changing members are at
the same level and aligned in a straight line in the width
direction, also in Patent Literature 3.

SUMMARY OF THE INVENTION

[0006] Patent Literatures 2 and 3 mentioned above
each discloses the duct provided with the members ad-
justing airflow in the passage-enlarged portion. The up-
stream end portions of these flow adjustment members
(the end portions closer to an entrance portion of the
passage-enlarged portion) are aligned in a straight line
in the width direction of the passage. As a result of whole-
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hearted research, the presentinventors found that, in the
above arrangement where the end portions of the flow
adjustment members are arranged linearly, a distur-
bance of airflow is more likely to occur, and there is a
high degree of dispersion in flow rates in the passage-
enlarged portion.

[0007] An objectofthe presentinventionisto suppress
a disturbance of flow in a passage-enlarged portion and
to minimize the degree of dispersion in flow rates with
respect to the width direction of a passage in the pas-
sage-enlarged portion.

[0008] According to a first aspect of the invention, a
yarn cooler includes: at least one yarn cooling unit con-
figured to cool a yarn spun out from a spinning device by
gas blown to the yarn; and a gas supply unit having a
passage through which gas is supplied to the yarn cooling
unit,

the gas supply unit including: a sector-like passage-en-
larged portionin which the width of the passage increases
toward the yarn cooling unit; and a plurality of flow ad-
justment plates arranged in the passage-enlarged por-
tion so as to radially fan out toward an exit portion of the
passage-enlarged portion, each of the flow adjustment
plates including a bulging portion at its end portion closer
to an entrance portion of the passage-enlarged portion,
the bulging portions being arranged in an arc protruding
toward the exit portion of the passage-enlarged portion.
[0009] In this aspect, gas flowing through the gas sup-
ply unit enters the yarn cooling unit after spreading in the
midway passage-enlarged portion. In the passage-en-
larged portion, the radially arranged flow adjustment
plates adjust the flow of gas. When gas enters the pas-
sage-enlarged portion, gas collides with the entrance-
side end portion of each flow adjustment plate (the end
portions closer to the entrance portion of the passage-
enlarged portion). Thus, the flow of gas tends to greatly
deviate from the flow adjustment plates to cause a dis-
turbance of the flow. In this regard, in the present inven-
tion, each flow adjustment plate has the bulging portion
at the entrance-side end portion of the plate. By virtue of
this arrangement, gas flows into the gaps between the
flow adjustment plates along the surfaces of the bulging
portions, and this reduces the possibility that the flow of
gas greatly deviates from the flow adjustment plates.
[0010] If the bulging portions of the flow adjustment
plates are arranged linearly in the width direction of the
passage-enlarged portion, the disturbance is more likely
to occur because gas having entered the passage-en-
larged portion collides with a row of the bulging portions
aligned at smaller intervals. In this regard, the bulging
portions are arranged in an arc protruding toward the exit
portion of the passage-enlarged portion in the present
invention. That is, the entrance portion of the passage-
enlarged portion has a space partially surrounded by the
bulging portions. Thus, gas having entered the passage-
enlarged portion first flowing through the above space,
and then, smoothly enters the gaps between the flow
adjustment plates while spreading radially. Because of
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this, the disturbance of the flow of gas is less likely to
occur.

[0011] According to a second aspect of the invention,
the yarn cooler of the first aspect is arranged such that
each bulging portion has a curved surface.

[0012] In this aspect, the surface of each bulging por-
tion is curved. This makes it easier for gas to flow along
the surfaces of the bulging portions, and reduces the pos-
sibility that the flow deviates from the flow adjustment
plates.

[0013] According to athird aspect of the invention, the
yarn cooler of the second aspect is arranged such that
each bulging portion has a circular cross sectional shape.
[0014] Inthis aspect, the cross sectional shape of each
bulging portionis circular. Such bulging portions are proc-
essed easily, and advantageous in terms of cost.
[0015] According to a fourth aspect of the invention,
the yarn cooler of the third aspect is arranged such that
a diameter of each bulging portion is not less than 5 mm
and not more than 16 mm.

[0016] If each bulging portion is too small, the effect of
reducing the possibility of deviation from the flow adjust-
ment plates is smaller. To the contrary, if each bulging
portion is too large, there is a large passage resistance,
which makes it difficult for gas to enter the gaps between
the flow adjustment plates. For this reason, itis preferable
that the diameter of each bulging portion is not less than
5 mm and not more than 16 mm.

[0017] According to a fifth aspect of the invention, the
yarn cooler of the first aspect is arranged such that each
bulging portion has a triangular cross sectional shape
which widens toward the exit portion of the passage-en-
larged portion.

[0018] The triangular cross sectional shape of each
bulging portion which widens toward the exit portion pre-
vents the flow of gas having contacted the end portion
of each flow adjustment plate from greatly deviating from
the flow adjustment plate and makes it easier for gas to
flow along the flow adjustment plate.

[0019] According to a sixth aspect of the invention, the
yarn cooler of any one of the first to fifth aspects is ar-
ranged such that an intersection of extension lines of two
side walls of the sector-like passage-enlarged portion
matches a center point of the arc along which the bulging
portions are arranged.

[0020] In this aspect, the intersection of the extension
lines of the two side walls of the sector-like passage-
enlarged portion matches the center point of the arc along
which the bulging portions are arranged. Because of this,
radially fanning out streamlines of gas flowing while
spreading in the passage-enlarged portion are orthogo-
nal to the arc along which the bulging portions are ar-
ranged. This makes it easier for gas to enter the gaps
between the bulging portions.

[0021] According to a seventh aspect of the invention,
the yarn cooler of any one of the first to sixth aspects is
arranged such that an angle between each two adjacent
plates of the flow adjustment plates is not less than 6

10

15

20

25

30

35

40

45

50

55

degrees and not more than 16 degrees.

[0022] If the gap between each two adjacent flow ad-
justment plates is too narrow, it is difficult for gas to flow.
Meanwhile, if the gap is too wide, their flow adjustment
effectis low. For this reason, itis preferable that the angle
between each two adjacent flow adjustment plates is not
less than 6 degrees and not more than 16 degrees.
[0023] According to an eighth aspect of the invention,
the yarn cooler of any one of the first to seventh aspects
is arranged such that the at least one yarn cooling unit
includes a plurality of yarn cooling units, the yarn cooler
further includes a box accommodating the yarn cooling
units, the yarn cooling units are arranged in a predeter-
mined direction in the box, and the exit portion of the
passage-enlarged portion is coupled to a side portion of
the box that is located on a side of the box in a direction
orthogonal to the predetermined direction.

[0024] The exit portion of the passage-enlarged por-
tionis coupledto a side portion ofthe boxaccommodating
the yarn cooling units, which side portion is on a side of
the box in the direction orthogonal to the arrangement
direction of the yarn cooling units. If the degree of dis-
persioninthe flow rates with respect to the width direction
is high atthe exit portion of the passage-enlarged portion,
there is caused a difference in the cooling capability
among the yarn cooling units. Adoption of the arrange-
ment of the flow adjustment plates in the present inven-
tion minimizes the unevenness in the flow rates at the
exit portion of the passage-enlarged portion, and this
makes the difference in the cooling capability among the
yarn cooling units smaller.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025]

FIG. 1 is a cross section of a melt spinning device
of an embodiment of the present invention.

FIG. 2 is a cross section taken along a line II-Il in
FIG. 1.

FIG. 3A is a cross section of a passage-enlarged
portion taken along a line llI-lll in FIG. 1. FIG. 3B is
an enlarged view of a bulging portion of each flow
adjustment plate in FIG. 3A.

FIG. 4 is an enlarged view of a different shape of
bulging portion of the flow adjustment plate.

FIG. 5 is a table showing conditions regarding end
portions (bulging portions) of the flow adjustment
plates and data for the degree of dispersion in
speeds obtained through analysis, with respect to
Examples and Comparative Examples.

FIG.6Ato FIG. 6Crespectively show analysis results
(speed distributions in the passage-enlarged por-
tion) in Examples 1 to 3.

FIG.7Ato FIG. 7Crespectively show analysis results
(speed distributions in the passage-enlarged por-
tion) in Examples 4 and Comparative Examples 1
and 2.
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FIG. 8A and FIG. 8B each is an enlarged view of a
bulging portion of each flow adjustment plate in a
modification.

FIG. 9 is a cross section of a passage-enlarged por-
tion of another modification.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0026] The following will describe an embodiment of
the present invention. FIG. 1 is a cross section of a melt
spinning device of the present embodiment. FIG. 2 is a
cross section taken along a line II-1l in FIG. 1. The de-
scription below is given on the premise that the up-down
direction, front-back direction, and left-right direction in
FIG. 1 and FIG. 2 are respectively the up-down direction,
front-back direction, and left-right direction relative to a
melt spinning device 1 in the present embodiment.
[0027] The melt spinning device 1 of the present em-
bodiment includes members such as a spinning device
2, ayarn cooler 3, and oil guides 4. The spinning device
2 includes a spinning beam 10 and pack housings 11
provided in the spinning beam 10. To the pack housings
11, spinning packs 12 are attached, respectively. The
pack housings 11 (spinning packs 12) are staggered to
form two lines along the left-right direction (i.e., the di-
rection orthogonal to the sheet of FIG. 1). To the spinning
pack 12 attached to each pack housing 11, molten pol-
ymer is supplied from an unillustrated pipe or the like in
the spinning beam 10.

[0028] Each spinning pack 12 has, at its lower end por-
tion, a spinneret 13 having nozzles. The supplied molten
polymer is spun out from the spinning pack 12 through
the nozzles of the spinneret 13. The polymer spun out
through the nozzles is cooled at the yarn cooler 3 into
filaments f. The yarn cooler 3 will be described later. To
putitdifferently, one multi-flamentyarn Y formed of plural
filaments f is spun out from one spinneret 13.

[0029] Theyarncooler3isprovided below the spinning
device 2. The yarn cooler 3 is configured to cool and
solidify molten polymer spun out from the spinning packs
12. As shown FIG. 1 and FIG. 2, the yarn cooler 3 in-
cludes: abox 20; cooling cylinders 21 (yarn cooling unit(s)
of the present invention) accommodated in the box 20;
and partitioning cylinders 22.

[0030] The internal space of the box 20 is partitioned
into upper and lower spaces by a horizontal flow adjust-
ment plate 23 made of a material having flow adjustment
capability such as punching metal. In the upper space of
the box 20, the cooling cylinders 21 are provided directly
below the spinning packs 12, respectively. That is, the
cooling cylinders 21 are staggered along the left-right
direction in accordance with the arrangement of the spin-
ning packs 12, as shown in FIG. 2. The wall of each cool-
ing cylinder 21 is, in a manner similar to the flow adjust-
ment plate 23, made of a material having flow adjustment
capability such as punching metal. In the meanwhile, in
the lower space of the box 20, the partitioning cylinders
22 are provided directly below the cooling cylinders 21,
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respectively. Being different from the cooling cylinders
21, the wall of each partitioning cylinder 22 is made of
an air-impermeable material.

[0031] A yarnY spun out from a spinning pack 12 and
made of filaments f passes through the internal spaces
of the cooling cylinder 21 and the partitioning cylinder 22
which are directly below the spinning pack 12. In the
meanwhile, as shown in FIG. 1, a duct 25 is coupled, at
its one end, to a lower portion of a rear side wall of the
box 20. The other end of the duct 25 is coupled to a
compressed air source via an unillustrated main duct to
which multiple ducts are connected. The compressed air
source includes a compressor, a humidity controller, a
compressed air tank, and the like, though not illustrated.
The compressed air source feeds air as gas for cooling.
Air from the compressed air source is supplied to the
lower space of the box 20 through the duct 25. The details
of the structure of the duct 25 will be described later.
[0032] The flow of cooling air having entered the lower
space of the box 20 is adjusted upward while passing
through the horizontal flow adjustment plate 23, and flows
into the upper space of the box 20. Because the wall of
each partitioning cylinder 22 is air-impermeable, the cool-
ing air does not directly flows from the lower space of the
box 20 into the partitioning cylinder 22. The flow of air
having entered the upper space of the box 20 is adjusted
when passing through the wall of each cooling cylinder
21, and flows into each cooling cylinder 21. The air is
blown to each yarn Y made of the filaments f from the
entire outer circumference of the corresponding cooling
cylinder 21, so that each yarn Y is cooled in the corre-
sponding cooling cylinder 21.

[0033] Each oil guide 4 is provided below the corre-
sponding cooling cylinder 21 and partitioning cylinder 22.
The yarn Y having been cooled in the cooling cylinder 21
comes into contact with the oil guide 4. During this con-
tact, the oil guide 4 discharges oil to the yarn Y so that
the oil is applied to the yarn Y. The yarn Y to which the
oil has been applied by the oil guide 4 is taken up by a
take-uproller (notillustrated) provided below the oil guide
4. The yarn Y is then sent to a winding device (not illus-
trated) and is wound onto a bobbin (not illustrated) at the
winding device.

[0034] Now, a detailed description will be given for the
duct 25, which is equivalent to a gas supply unit in the
present invention. The duct 25 includes: a vertical pas-
sage portion 26 extending in the up-down direction; and
a horizontal passage portion 27 extending in the front-
back direction. The lower end of the vertical passage
portion 26 is coupled to the aforementioned compressed
air source via the main duct which is not illustrated. The
horizontal passage portion 27 extends horizontally from
the upper end of the vertical passage portion 26, and is
coupled to the lower portion of the rear side wall of the
box 20. Air fed from the compressed air source flows to
the box 20, through the vertical passage portion 26 and
the horizontal passage portion 27 of the duct 25.
[0035] FIG. 3Ais across section taken along a line llI-
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lll'in FIG. 1. FIG. 3B is an enlarged view of a bulging
portion of each flow adjustment plate 29 shown in FIG.
3A. Asshownin FIG. 1 and FIG. 3A, an upper end portion
of the vertical passage portion 26 of the duct 25 forms a
passage-enlarged portion 28. The passage-enlarged
portion 28 has a sectorial shape such that the width of a
passage therein (i.e., the width in the left-right direction)
increases upward (i.e., toward the cooling cylinders 21).
Herein, the width of the passage in the duct 25 is referred
to as a "passage width". Two side walls 30 of the pas-
sage-enlarged portion 28 extend to be inclined with re-
spect to the up-down direction so that the distances from
a central axis C to the side walls 30 increase in a left-
right symmetrical manner. The horizontal passage por-
tion 27 is coupled to an upper end portion (exit portion
28b) of the passage-enlarged portion 28. The passage
width of the duct 25 increases at the passage-enlarged
portion 28, which is a midway portion of the duct 25. The
horizontal passage portion 27 connected to the passage-
enlarged portion 28 extends to the box 20 while keeping
the increased passage width.

[0036] Air having entered the passage-enlarged por-
tion 28 through an entrance portion 28a with a smaller
passage width flows toward the exit portion 28b with a
larger passage width while spreading in the width direc-
tion. Note that, in the passage-enlarged portion 28, air
flows in the following manner of flow-rate distribution: the
flow rate of airflow is the highest at a central part in the
width direction of the passage-enlarged portion 28; and
the farther the airflow is from the central part, the lower
its flow rate is. If air flowing in the above manner is sup-
plied to the cooling cylinders 21, unevenness in cooling
of the yarns may be caused.

[0037] Particularly, in the present embodiment, the
cooling cylinders 21 arranged in the left-right direction
are accommodated in the box 20, and the duct 25 is cou-
pled to the rear wall of the box 20, which is a side portion
of the box 20 located on a side of the box 20 in a direction
orthogonal to the arrangement direction of the cooling
cylinders 21. Due to the above structure, if air flowing in
the duct 25 with unevenness in its flow rate in the width
direction (left-right direction) enters the box 20, there is
caused a variation in the speeds at which air enters into
the cooling cylinders 21 in the box 20. This causes a
difference in the yarn-cooling capability. To minimize
such a variation in the speeds at the exit portion 28b of
the passage-enlarged portion 28, thereby to minimize
the difference in the cooling capability among the cooling
cylinders 21, the present embodiment employs the fol-
lowing arrangement.

[0038] First, flow adjustment plates 29 are provided in
the passage-enlarged portion 28. The flow adjustment
plates 29 adjust the flow of air so that air having entered
through the entrance portion 28a spreads uniformly with
respect to the width direction. The flow adjustment plates
29 are arranged so as to radially fan out from the entrance
portion 28a with the smaller passage width toward the
exit portion 28b with the larger passage width. The flow
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adjustment plates 29 are arranged at equal intervals of
an angle 6 (theta). If the gap between each two adjacent
flow adjustment plates 29 is too narrow, it is difficult for
air to flow. Meanwhile, if the gap is too wide, their flow
adjustment effect is low. In view of the above, the angle
0 (theta) between each two adjacent flow adjustment
plates 29 is preferably not less than 6 degrees and not
more than 16 degrees, and more preferably 8 degrees.
[0039] Further, each flow adjustment plate 29 has a
bulging portion 32 at an entrance-side end portion of the
plate 29, which end portion is closer to the entrance por-
tion 28a (i.e., an end portion upstream in the flow path).
The thickness of the bulging portion 32 is larger than the
thickness of a portion of the flow adjustment plate 29 that
is located above the bulging portion 32 (portion on a side
closer to the cooling cylinders 21 than the bulging portion
32). The bulging portion 32 has a curved surface. To be
more specific, a cylindrical rod 31 extending in the direc-
tion orthogonal to the sheet of FIG. 3 is attached to an
entrance-side end portion of a plate member of each flow
adjustment plate 29. With this, the bulging portion 32 hav-
ing a circular cross section is provided.

[0040] Suppose that each flow adjustment plate 29
does not have the bulging portion 32. In this case, when
air enters the passage-enlarged portion 28, the air col-
lides with the entrance-side end portions of the flow ad-
justment plates 29. Thus, the flow of air is more likely to
greatly deviate from the flow adjustment plates 29 to
cause a disturbance of the flow. In this regard, in the
present embodiment, each flow adjustment plate 29 has
the bulging portion 32 at the entrance-side end portion
of the plate. This arrangement enables air having entered
the passage-enlarged portion 28 to flow along the sur-
faces of the bulging portions 32 into the gaps between
the flow adjustment plates 29. Thus, it is less likely that
the flow of air greatly deviates from the flow adjustment
plates 29, to reduce the possibility of the disturbance of
the flow.

[0041] The curved surface of each bulging portion 32
makes it easier for air to flow along the surface of the
bulging portion 32, and reduces the possibility that the
flow of air deviates from the flow adjustment plates 29.
Further, the bulging portions 32 each having the circular
cross sectional shape are processed easily, and advan-
tageous in terms of cost. Specifically, each bulging por-
tion 32 is produced merely by attaching the cylindrical
rod 31 to the plate member constituting the flow adjust-
ment plate 29.

[0042] If each bulging portion 32 is too small, the effect
of reducing the possibility of the deviation from the flow
adjustment plates 29 is small. To the contrary, if each
bulging portion 32 is too large, there is a large passage
resistance, which makes it difficult for air to enter the
gaps between the flow adjustment plates 29. In view of
the above, the diameter of each cylindrical rod 31 con-
stituting the bulging portion 32 is preferably not less than
5 mm and not more than 16 mm, and more preferably 8
mm. The thickness of each flow adjustment plate 29 is
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on the order of 0.5 mm, for example.

[0043] FIG. 4 is an enlarged view of a different shape
of bulging portion 32A of each flow adjustment plate 29.
The bulging portion 32A has a triangular cross sectional
shape widening toward the exit portion 28b of the pas-
sage-enlarged portion 28, as shown in FIG. 4. The bulg-
ing portion may have such a shape instead of the circular
cross sectional shape shown in FIG. 3B. The triangular
cross sectional shape of the bulging portion 32A prevents
air having collided with the end portion of each flow ad-
justment plate 29 from greatly deviating from the flow
adjustment plate 29, and makes it easier for air to flow
along the flow adjustment plate 29.

[0044] If the bulging portions 32 of the flow adjustment
plates 29 are linearly arranged in the width direction of
the passage-enlarged portion 28, air having entered the
passage-enlarged portion 28 collides with a row of the
bulging portions 32 arranged at narrow intervals. For this
reason, a disturbance of airflow is more likely to occur.
To deal with this, in the present embodiment, the bulging
portions 32 of the flow adjustment plates 29 are arranged
along a virtual circular arc 35 protruding toward the exit
portion 28b of the passage-enlarged portion 28 (toward
the cooling cylinders 21), as shown in FIG. 3. In this ar-
rangement, a space 36 partially surrounded by the bulg-
ing portions 32 arranged in a circular arc is created at
the entrance portion 28a of the passage-enlarged portion
28. Thus, air having entered the passage-enlarged por-
tion 28 first flowing through the above space 36, and then,
smoothly enters the gaps between the flow adjustment
plates 29 while spreading radially. Because of this, the
disturbance of airflow is less likely to occur.

[0045] AsshowninFIG. 3,inthe present embodiment,
an intersection point P1 of extension lines L of the two
side walls 30 of the passage-enlarged portion 28 match-
es a center point P2 of the circular arc 35 along which
the bulging portions 32 are arranged. In this arrange-
ment, radially fanning out streamlines of air flowing while
spreadinginthe passage-enlarged portion 28 are orthog-
onaltothecirculararc 35 along which the bulging portions
32 are arranged. This makes it easier for air to enter the
gaps between the bulging portions 32. The curvature of
the circular arc 35 may vary depending on the shape of
the passage-enlarged portion 28. For example, the cur-
vature radius R of the circular arc 35 is 135 mm plus or
minus 5.

[0046] Exit-side end portions of the flow adjustment
plates 29 are level with the end of the exit portion 28b of
the passage-enlarged portion 28, and arranged on a
straight line. This ensures that the flow of air having en-
tered the passage-enlarged portion 28 is adjusted by the
flow adjustment plates 29 before reaching the exit portion
28b of the passage-enlarged portion 28.

<Verification of advantageous effects of the present in-
vention>

[0047] Examples of the present invention were com-
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pared with Comparative Examples, to verify advanta-
geous effects of the present invention. The below-de-
scribed verification of the advantageous effects is con-
ducted by numerically analyzing the flow of air in the pas-
sage-enlarged portion 28 for each case.

(Conditions of analysis models)
[0048]

(1) Conditions common among all the models are as
follows: (a) the number of air flow adjustment plates,
11; (b) angle between adjacent flow adjustment
plates, 8 degrees; and (c) flow rate at the entrance
portion, 10.8 m3/min.

(2) Conditions regarding the bulging portions are as
follows. FIG. 5 shows the conditions for the end por-
tion (bulging portion 32) of each flow adjustment
plate 29 in Examples and Comparative Examples.
Note that "circular arc arrangement" in the column
"arrangement manner of end portions" in FIG. 5 rep-
resents the arrangement manner in which the end
portions of the flow adjustment plates 29 are ar-
ranged in a circular arc, as shown in FIG. 3. Mean-
while, "linear arrangement" represents the arrange-
ment manner in which the end portions of the flow
adjustment plates 29 are arranged linearly along the
width direction.

(Verification)

[0049] FIG. 6A to FIG. 7C respectively show the anal-
ysis results (speed distributions) for Examples 1 to 4 and
Comparative Examples 1 and 2. Further, the column "dis-
persion in speeds" in FIG. 5 has values showing the de-
gree of dispersion in the speeds with respect to the width
direction at the exit portion 28b of the passage-enlarged
portion 28, expressed as standard deviation. As for the
values representing the degree of dispersion in the
speeds (standard deviation) in FIG. 5, the value closest
to 0 (zero) has the lowest degree of the dispersion.
[0050] First, as shown in FIG. 6A to FIG. 7C, air
smoothly flows from the entrance portion 28a to the exit
portion 28b in Examples 1 to 4. In addition, the values of
the standard deviation showing the degree of dispersion
in the speeds are low in Examples. Meanwhile, in Com-
parative Examples 1 and 2, the flows in the passage-
enlarged portion 28 are disturbed and swirls are gener-
ated. In Comparative Example 1, each flow adjustment
plate 29 has no bulging portion 32. In Comparative Ex-
ample 2, the bulging portions 32 are provided but ar-
ranged linearly. The above results show that the following
two features are very important to suppress the distur-
bance of flow in the passage-enlarged portion 28: (1)
each flow adjustment plate 29 has the bulging portion 32
atthe end portion of the plate; and (2) the bulging portions
32 are arranged in an arc.

[0051] Now, reference is made to Examples 1to 4. The



11 EP 3 208 367 A1 12

disturbance of airflow is smaller and the degree of dis-
persion inthe speeds is quite low particularly in Examples
1 and 4. In Example 1, each bulging portion 32 is formed
by acylindrical rod having a diameter of 8 mm. In Example
4, each bulging portion 32 is formed by a triangular rod
with a side length of 8 mm.

[0052] Now, various modifications of the present em-
bodimentwill be described. The members similar to those
in the embodiment above will be denoted by the same
reference numerals and the explanations thereof are not
repeated.

1] The above-described embodiment shows the
case where the bulging portion of each flow adjust-
ment plate 29 has a circular cross sectional shape
and the case where the bulging portion has a trian-
gular cross sectional shape. However, the bulging
portion may have another shape. Examples of the
bulging portion having a curved surface include: a
bulging portion 32B having an elliptical cross sec-
tional shape as shown in FIG. 8A; and a bulging por-
tion 32C having a streamline shape as shown in FIG.
8B.

2] The manner of arrangement of the bulging por-
tions is also changeable as follows. For example, as
shown in FIG. 9, the center point P2 of the circular
arc 35 along which the bulging portions 32 are ar-
ranged may be shifted relative to the intersection
point P1 of the extension lines L of the two side walls
30. The center point P2 may be shifted relative to
the point P1 in the direction toward the exit side as
shown in FIG. 9, or may be shifted in the opposite
direction, i.e., toward the entrance side. Further, the
arc along which the bulging portions 32 are arranged
does not have to be a circular arc, and may be an
elliptical arc, for example.

3] The yarn cooler of the above-described embodi-
ment includes the cooling cylinders 21, as the yarn
cooling unit(s), each configured so that air is blown
to the yarn from the entire outer circumference. How-
ever, the configuration of the yarn cooling unit is not
limited to this. For example, the yarn cooling unit(s)
may be configured to cool the yarn by air blown to
the yarn only in a single direction, i.e., may have a
so-called crossflow design.

Claims
1. A vyarn cooler comprising:

at least one yarn cooling unit configured to cool
a yarn spun out from a spinning device by gas
blown to the yarn; and

a gas supply unit having a passage through
which gas is supplied to the yarn cooling unit,
the gas supply unit including:

10

15

20

25

30

35

40

45

50

55

a sector-like passage-enlarged portion in
which the width of the passage increases
toward the yarn cooling unit; and

a plurality of flow adjustment plates ar-
ranged in the passage-enlarged portion so
as to radially fan out toward an exit portion
of the passage-enlarged portion,

each of the flow adjustment plates including
a bulging portion at its end portion closer to
an entrance portion of the passage-en-
larged portion,

the bulging portions being arranged in an
arc protruding toward the exit portion of the
passage-enlarged portion.

The yarn cooler according to claim 1, wherein each
bulging portion has a curved surface.

The yarn cooler according to claim 2, wherein each
bulging portion has a circular cross sectional shape.

The yarn cooler according to claim 3, wherein a di-
ameter of each bulging portion is not less than 5 mm
and not more than 16 mm.

The yarn cooler according to claim 1, wherein each
bulging portion has a triangular cross sectional
shape which widens toward the exit portion of the
passage-enlarged portion.

The yarn cooler according to any one of claims 1 to
5, wherein an intersection of extension lines of two
side walls of the sector-like passage-enlarged por-
tion matches a center point of the arc along which
the bulging portions are arranged.

The yarn cooler according to any one of claims 1 to
6, wherein an angle between each two adjacent
plates of the flow adjustment plates is not less than
6 degrees and not more than 16 degrees.

The yarn cooler according to any one of claims 1 to
7, wherein

the atleast one yarn cooling unit comprises a plurality
of yarn cooling units,

the yarn cooler further comprises a box accommo-
dating the yarn cooling units,

the yarn cooling units are arranged in a predeter-
mined direction in the box, and

the exit portion of the passage-enlarged portion is
coupled to a side portion of the box that is located
on a side of the box in a direction orthogonal to the
predetermined direction.
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FIG.4
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FIG.5
SHAPE OF END PORTIONS| ARRANGEMENT MANNER | DISPERSION IN SPEEDS
(BULGING PORTIONS) OF END PORTIONS {(STANDARD DEVIATION)
EXAMPLE 1 CYLINDRICAL ROD (®8) [CIRCULAR ARG ARRANGEMENT 0.6760184
EXAMPLE 2 CYLINDRICAL ROD (®5) [CIRCULAR ARG ARRANGEMENT 0.7348553
EXAMPLE 3 CYLINDRICAL ROD (®2) [CIRCULAR ARC ARRANGEMENT 0.8589525
TRIANGULAR ROD
EXAMPLE 4 (SIDE LENGTH: 8 mm) CIRCULAR ARG ARRANGEMENT 0.6032297
COMPARATIVE EXAMPLE 1 | (NO BULGING PORTION) |CIRCULAR ARC ARRANGEMENT 0.9897569
COMPARATIVE EXAMPLE 2 | CYLINDRICAL ROD (®8) LINEAR ARRANGEMENT 1.735854
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FIG.GA EXAMPLE 1

FIG.6B EXAMPLE 2
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FIG.7A EXAMPLE 4
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FIG.8A
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