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The present disclosure provides a packing mod-

ule and a cooling tower. The packing module includes first
packing sheets and second packing sheets alternately
stacked. The first and second packing sheets form first
flow paths and second flow paths that are alternately
arranged. An upper-section guide part and a lower-sec-
tion guide part are disposed in an upper section and a
lower section of the packing module, respectively. The
upper-section guide partincludes a plurality of first upper-
end openings and second upper-end openings provided
in an upper surface of the packing module. The first
upper-end openings are located at a central portion of
an upper end of the packing module, arranged in parallel
in a stacking direction, and in communication with the first
flow paths. The second upper-end openings are located
on opposite sides of the first upper-end opening, ar-
ranged in parallel in the stacking direction, and in com-
munication with the second flow paths. The lower-section
guide partincludes a plurality of first lower-end openings
and second lower-end openings provided in a lower
surface of the packing module. The first lower-end open-
ings are located at a central portion of a lower end of the
packing module, arranged in parallel in the stacking

direction, and in communication with the first flow paths.
The second lower-end openings are located on opposite
sides of the firstlower-end opening, provided in parallelin
the stacking direction, and in communication with the
second flow paths.
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Description
TECHNICAL FIELD

[0001] The presentdisclosure relates to modules for a
cooling tower, and in particular, to a packing module in a
cooling tower.

BACKGROUND

[0002] As a heat exchange packing sheet technology
for a cooling tower, the applicant previously disclosed, in
Patent Application No. 201910877463.9 filed on July 15,
2019, a packing module in which a downward hot water
flow path is separated from an upward cold air flow path.
In the packing module, hot water flows in from an opening
formed at an upper end of the packing module, which
occupies a portion of the width of the upper end, and an
opening through which air flows is formed, which occu-
pies another portion of the width of the upper end of the
packing module. Manufacture of the packing module
requires four types of packing sheets A, B, C, and D,
and it has been found that the packing module exhibits
excellent cooling performance for hot water.

[0003] However, to further simplify the structure, facil-
itate mounting, and reduce the cost, the applicant has
further improved the technology.

SUMMARY

[0004] In view of the prior art described above, the
presentdisclosure provides a packing module. The pack-
ing module includes first packing sheets and second
packing sheets alternately stacked. The first and second
packing sheets form first flow paths and second flow
paths that are alternately arranged. An upper-section
guide part and a lower-section guide part are disposed
in an upper section and a lower section of the packing
module, respectively.

the upper-section guide part includes a plurality of
first upper-end openings and second upper-end
openings provided in an upper surface of the packing
module, where

the first upper-end openings are located at a central
portion of an upper end of the packing module, ar-
ranged in parallel in a stacking direction, and in
communication with the first flow paths; and

the second upper-end openings are located on op-
posite sides of the first upper-end opening, arranged
in parallel in the stacking direction, and in commu-
nication with the second flow paths;

the lower-section guide part includes a plurality of
first lower-end openings and second lower-end
openings provided in a lower surface of the packing
module, where

the first lower-end openings are located at a central
portion of a lower end of the packing module, ar-
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ranged in parallel in the stacking direction, and in
communication with the first flow paths; and

the second lower-end openings are located on op-
posite sides of the first lower-end opening, arranged
in parallel in the stacking direction, and in commu-
nication with the second flow paths.

[0005] In addition, the present disclosure further pro-
vides a cooling tower. The cooling tower includes the
packing module according to any one of the above em-
bodiments.

[0006] In addition, the present disclosure further pro-
vides a cooling tower. The cooling tower includes:

packing modules arranged inside the cooling tower,
where the packing module includes: a plurality of first
packing sheets and second packing sheets alter-
nately stacked; in a stacking direction, a first flow
path is formed between the first packing sheets and
the second packing sheets, and a second flow pathis
formed between the second packing sheets and the
first packing sheets; a first upper-end opening of the
first flow path is located at a central portion of an
upper end of the first packing module, and second
upper-end openings of the second flow path are
provided on opposite sides of the first upper-end
opening; a first lower-end opening of the first flow
path is located at a central portion of a lower end of
the first packing module, and second lower-end
openings of the second flow path are provided on
opposite sides of the first lower-end opening; and
a plurality of first partition plates disposed above the
packing module and configured to separate an air
flow path from a spray water flow path, where a
sealing portion between the first partition plate and
the packing module is located on an inner side of a
dimension of the packing module in a width direction;
the first partition plate extends in the stacking direc-
tion, and a lower end of the first partition plate corre-
sponds to a junction between the first upper-end
opening and the second upper-end opening in the
width direction of the packing module.

[0007] Preferably, a plurality of second partition plates
disposed below the packing module and configured to
separate an air flow path from a spray water flow path are
further included. A sealing portion between the second
partition plate and the packing module is located on the
inner side of the dimension of the packing module in the
width direction. The second partition plate extends in the
stacking direction, and a lower end of the second partition
plate corresponds to a junction between the first lower-
end opening and the second lower-end opening in the
width direction of the packing module.

[0008] Preferably, in the spray water flow path, a valve
plate capable of sealing a space between two adjacent
first partition plates is disposed on an upper side of a
spray head.
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[0009] The present disclosure further provides a cool-
ing tower. The cooling tower includes a first packing
module and a second packing module spaced apart from
each other.

where the second packing module is formed by stacking
a plurality of packing sheets to form only one flow path;
the first packing module includes:

a plurality of first packing sheets and second packing
sheets alternately stacked, where in a stacking di-
rection, a first flow path is formed between the first
packing sheets and the second packing sheets, and
a second flow path is formed between the second
packing sheets and the first packing sheets;

a first upper-end opening of the first flow path is
located at a central portion of an upper end of the
first packing module, and second upper-end open-
ings of the second flow path are provided on opposite
sides of the first upper-end opening;

a first lower-end opening of the first flow path is
located at a central portion of a lower end of the first
packing module, and second lower-end openings of
the second flow path are provided on opposite sides
of the first lower-end opening; the first flow path
serves as an air flow path, through which air flows
therein from the firstlower-end opening and flows out
from the first upper-end opening;

the second flow path is a flow path for spray water;
the second packing module is adjacent to a second
upper-end opening and a second lower-end opening
of the second flow path and serves as a flow path for
the spray water, through which air flowing therein
from below the flow path exchanges heat with water
sprayed from above the flow path.

[0010] In addition, the present disclosure further pro-
vides a packing assembly. The packing assembly in-
cludes: the packing module according to any one of
the above embodiments, where a length of the packing
module in the stacking direction is greater than a width of
the packing module; and

a packing frame surrounding an outer side of the packing
module.

[0011] In addition, the present disclosure further pro-
vides a packing module. The packing assembly includes
a packing module and a packing frame surrounding an
outer side of the packing module. The packing module
includes: a plurality of first packing sheets and second
packing sheets alternately stacked. In a stacking direc-
tion, a first flow path is formed between the first packing
sheets and the second packing sheets, and a second flow
path is formed between the second packing sheets and
the first packing sheets. A first upper-end opening of the
first flow path is located at a central portion of an upper
end of the first packing module, and second upper-end
openings of the second flow path are provided on oppo-
site sides of the first upper-end opening. A first lower-end
opening of the first flow path is located at a central portion
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of a lower end of the first packing module, and second
lower-end openings of the second flow path are provided
on opposite sides of the first lower-end opening. A length
of the packing assembly in the stacking direction is
approximately 1/2 of a length of an inner cavity of the
cooling tower in a corresponding direction.

[0012] The cooling tower according to the present dis-
closure can effectively improve the cooling efficiency of
the cooling tower with separated hot water and cold air
flow paths, and provides good water-saving and plume
reduction effects.

DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1 is a structural diagram of a packing module
according to Embodiment 1 of the present disclo-
sure;

FIG. 2 is an exploded view of a packing module
according to Embodiment 1 of the present disclo-
sure;

FIG. 3 is a perspective view of a packing sheet A
according to Embodiment 1 of the present disclo-
sure;

FIG. 4 is a perspective view of a packing sheet B
according to Embodiment 1 of the present disclo-
sure;

FIG. 5 is a perspective view of a flow straightening
plate according to Embodiment 1 of the present
disclosure;

FIG. 6 is a perspective view of a flow straightening
plate stacked on a front side of a packing sheet A
according to Embodiment 1 of the present disclo-
sure;

FIG. 7 is a perspective view in which a packing sheet
B and a flow straightening plate are further stacked
on the front side on the basis of FIG. 6.

FIG. 8 is a top exploded view of a packing module
according to Embodiment 1 of the present disclo-
sure;

FIG. 9is a top view of a packing module according to
Embodiment 1 of the present disclosure;

FIG. 10 is an exploded view of a packing module
according to Embodiment 2 of the present disclo-
sure;

FIG. 11 is a top exploded view of a packing module
according to Embodiment 2 of the present disclo-
sure;

FIG. 12 is a top view of a packing module according
to Embodiment 2 of the present disclosure;

FIG. 13 is a three-dimensional exploded view ac-
cording to Embodiment 3 of the present disclosure;
FIG. 14 is a partial enlarged view of FIG. 13;

FIG. 15 is one embodiment of a cooling tower em-
ploying the packing module according to the present
disclosure;

FIG. 16 is another embodiment of a cooling tower
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employing the packing module according to the pre-
sent disclosure;

FIG. 17 is a perspective view of a packing module
according to Embodiment 5 of the present disclo-
sure;

FIG. 18 is an exploded view of a packing module
according to Embodiment 5 of the present disclo-
sure;

FIG. 19 is a perspective view of a first packing sheet
of a packing module according to Embodiment 5 of
the present disclosure;

FIG. 20 is a perspective view of a second packing
sheet of a packing module according to Embodiment
5 of the present disclosure;

FIG. 21is a perspective view of a first flow guide plate
of a packing module according to Embodiment 5 of
the present disclosure;

FIG. 22 is a perspective view of a second flow guide
plate of a packing module according to Embodiment
5 of the present disclosure;

FIG. 23 is a perspective view of a third flow guide
plate of a packing module according to Embodiment
5 of the present disclosure;

FIG. 24 is a perspective view of a fourth flow guide
plate of a packing module according to Embodiment
5 of the present disclosure;

FIG. 25 is a perspective view of a third flow guide
plate of a packing module according to a modification
of Embodiment 5 of the present disclosure;

FIG. 26 is a perspective view of a fourth flow guide
plate of a packing module according to a modification
of Embodiment 5 of the present disclosure;

FIG. 27 is a diagramillustrating Application Example
1 of a cooling tower configured using packing mod-
ules according to Embodiment 5 of the present dis-
closure;

FIG. 28 is a diagram illustrating Application Example
2 of a cooling tower configured using packing mod-
ules according to Embodiment 5 of the present dis-
closure;

FIG. 29is a diagram illustrating Application Example
3 of a cooling tower configured using packing mod-
ules according to Embodiment 5 of the present dis-
closure;

FIG. 30 is a diagram illustrating Application Example
4 of a cooling tower configured using packing mod-
ules according to Embodiment 5 of the present dis-
closure;

FIG. 31is a structural diagram of a packing assembly
formed by mounting a packing module of Embodi-
ment 5 of the present disclosure in a packing frame;
FIG. 32 is a schematic structural diagram of the
packing assembly shown in FIG. 31 from another
perspective;

FIG. 33 is a structural diagram of a cooling tower
formed using the packing assembly shown in FIG.
31;

FIG. 34 is a cross-sectional view taken along the line
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A-Ain FIG. 33.
DETAILED DESCRIPTION

[0014] Preferred embodiments of the present disclo-
sure will be described in detail below with reference to the
accompanying drawings.

[Embodiment 1]

[0015] A packing module 1 according to Embodiment 1
of the present disclosure will be described in detail below.

[Packing Module 1]

[0016] In this embodiment, the packing module 1 in-
cludes packing sheets A and packing sheets B alter-
nately stacked at a predetermined interval d, and the
stacked packing sheets A and B form a first flow path R1
and a second flow path R2 that are alternately arrangedin
the packing module 1.

[0017] An upper-section guide part 200 and a lower-
section guide part 300 are respectively formed at the
upper and lower sections of the packing module 1, and a
heat exchange part 400 is formed at the middle section.

[Upper-Section Guide Part 200]

[0018] Atthe upperend of the upper-section guide part
200, guide openings are formed by the alternately ar-
ranged upper end portions of rectangular packing sheets
A and B, as specifically described below.

[0019] Ononeside perpendicular to the stacking direc-
tion (left side in the figure), the upper end portion of the
packing sheet A is offset toward one side in the stacking
direction (back side in the figure), and the upper end
portion of the packing sheet B is offset toward the oppo-
site direction (front side in the figure), such that in the
stacking direction from the front side to the rear side in the
figure, the left-side upper end portions of packing sheets
A-B are attached to each other, and the left-side upper
end portions of packing sheets B-A are spaced apart from
each other to form a first upper-end opening 210. For the
packing module 1, a plurality of first upper-end openings
210 are arranged in parallel in the stacking direction.
Thus, the first upper-end opening 210 is in communica-
tion with the first flow path R1 formed between the pack-
ing sheets B-A.

[0020] On the other side perpendicular to the stacking
direction (right side in the figure), the upper end portion of
the packing sheet A is offset toward the other side of the
stacking direction (front side in the figure), and the upper
end portion of the packing sheet B is offset toward the
opposite direction (rear side in the figure), such thatin the
stacking direction from the front side to the rear side in the
figure, the right-side upper end portions of the packing
sheets B-A are attached to each other, and the right-side
upper end portions of the packing sheets A-B are spaced
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apart from each other to form a second upper-end open-
ing 220. For the packing module 1, a plurality of second
upper-end openings 220 are arranged in parallel in the
stacking direction. Thus, the first upper-end opening 220
is in communication with the first flow path R2 formed
between the packing sheets A-B.

[0021] In the upper-section guide part 200, an upper-
left-path flow straightening plate 230 is provided in the
first flow path R1 between the first upper-end opening
210 formed by the packing sheets B-A and the heat
exchange part 400 enclosed by the packing sheets B-
A. The upper end of the upper-left-path flow straightening
plate 230 matches the width of the first upper-end open-
ing 210, and the width gradually increases from top to
bottom. The lower end of the upper-left-path flow straigh-
tening plate corresponds to the width of the heat ex-
change part 400 (a first heat exchange part 401 of the
first flow path).

[0022] In this embodiment, the upper-left-path flow
straightening plate 230 has a corrugated transverse
cross-section in a direction perpendicular to the stacking
direction, and on two sides of the corrugated shape in the
stacking direction, the back side abuts against the front
surface of the packing sheet A sandwiching the upper-
left-path flow straightening plate, and the front side abuts
against the rear surface of the packing sheet B sandwich-
ing the upper-left-path flow straightening plate. Thus, in
the first flow path R1 that is formed between the first
upper-end opening 210 and the heat exchange part 400
and approximates arighttrapezoid, a guide partis formed
for guiding the width of the first upper-end opening 210 to
the entire width of the heat exchange part 400, which is
substantially equal to the widths of the packing sheets A
and B.

[0023] In the upper-section guide part 200, an upper-
right-path flow straightening plate 240 is provided in the
second flow path R2 between the second upper-end
opening 220 formed by the packing sheets A-B and
the heat exchange part 400 enclosed by the packing
sheets A-B. The upper end of the upper-right-path flow
straightening plate 240 matches the width of the second
upper-end opening 220, and the width gradually in-
creases from top to bottom. The lower end of the
upper-right-path flow straightening plate corresponds
to the width of the heat exchange part 400 (a first heat
exchange part 402 of the second flow path).

[0024] In this embodiment, the upper-right-path flow
straightening plate 240 has a corrugated transverse
cross-section in the direction perpendicular to the stack-
ing direction, and on two sides of the corrugated shape in
the stacking direction, the back side abuts against the
front surface of the packing sheet B sandwiching the
upper-right-path flow straightening plate, and the front
side abuts against the rear surface of the packing sheet A
sandwiching the upper-right-path flow straightening
plate. Thus, in the second flow path R2 that is formed
between the second upper-end opening 220 and the heat
exchange part 400 and approximates a right trapezoid, a
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guide part is formed for guiding the width of the second
upper-end opening 220 to the entire width of the heat
exchange part 400, which is substantially equal to the
widths of the packing sheets A and B.

[Lower-Section Guide Part 300]

[0025] At the lower end of the lower-section guide part
300, guide openings are formed by the alternately ar-
ranged lower end portions of the packing sheets A and B,
as specifically described below.

[0026] Onone side perpendicular to the stacking direc-
tion (left side in the figure), the lower end portion of the
packing sheet A is offset toward one side in the stacking
direction (back side in the figure), and the lower end
portion of the packing sheet B is offset toward the oppo-
site direction (front side in the figure), such that in the
stacking direction from the front side to the rear side in the
figure, the left-side lower end portions of the packing
sheets A-B are attached to each other, and the left-side
lower end portions of the packing sheets B-A are spaced
apart from each other to form a first lower-end opening
310. Thus, the first lower-end opening 310 is in commu-
nication with the first flow path R1 formed between the
packing sheets B-A.

[0027] Onone side perpendicular to the stacking direc-
tion (right side in the figure), the lower end portion of the
packing sheet A is offset toward the other side in the
stacking direction (front side in the figure), and the lower
end portion of the packing sheet B is offset toward the
opposite direction (rear side in the figure), such thatin the
stacking direction from the front side to the rear side in the
figure, the left-side lower end portions of the packing
sheets B-A are attached to each other, and the left-side
lower end portions of the packing sheets A-B are spaced
apart from each other to form a second lower-end open-
ing 320. Thus, the first lower-end opening 320 is in
communication with the first flow path R2 formed be-
tween the packing sheets A-B.

[0028] Inthe lower-section guide part 300, a lower-left-
path flow straightening plate 330 is provided in the first
flow path R1 between the first lower-end opening 310
formed by the packing sheets B-A and the heat exchange
part 400 enclosed by the packing sheets B-A. The lower
end of the lower-left-path flow straightening plate 330
matches the width of the first lower-end opening 310, and
the width of the lower-left-path flow straightening plate
gradually increases from bottom to top. The upper end of
the lower-left-path flow straightening plate corresponds
to the width of the heat exchange part 400.

[0029] In this embodiment, the lower-left-path flow
straightening plate 330 has a corrugated transverse
cross-section in the direction perpendicular to the stack-
ing direction, the back side of the corrugated shape abuts
against the front surface of the packing sheet A, and the
front side abuts against the rear surface of the packing
sheet B. Thus, in the first flow path R1 that is formed
between the first lower-end opening 310 and the heat
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exchange part 400 and approximates an inverted right
trapezoid, a guide part is formed for guiding the width of
the first lower-end opening 310 to the entire width of the
heat exchange part 400, which is substantially equal to
the widths of the packing sheets A and B.

[0030] In the lower-section guide part 300, a lower-
right-path flow straightening plate 340 is provided in the
second flow path R2 between the second lower-end
opening 320 formed by the packing sheets A-B and
the heat exchange part 400 enclosed by the packing
sheets A-B. The lower end of the lower-right-path flow
straightening plate 340 matches the width of the second
lower-end opening 320, and the width of the lower-right-
path flow straightening plate gradually increases from top
to down. The lower end of the lower-right-path flow
straightening plate corresponds to the width of the heat
exchange part 400.

[0031] In this embodiment, the lower-right-path flow
straightening plate 340 has a corrugated transverse
cross-section in the direction perpendicular to the stack-
ing direction, the back side of the corrugated shape abuts
against the front surface of the packing sheet B, and the
front side abuts against the rear surface of the packing
sheet A. Thus, in the second flow path R2 that is formed
between the second lower-end opening 320 and the heat
exchange part 400 and approximates an inverted right
trapezoid, a guide part is formed for guiding the width of
the second lower-end opening 320 to the entire width of
the heat exchange part 400, which is substantially equal
to the widths of the packing sheets A and B.

[0032] By alternately stacking the packing sheets A
and the packing sheets B to form the packing module 1,
the first flow path R1 and the second flow path R2 that are
isolated from each other and alternately stacked are
formed within the packing module 1. The configuration
of the first flow path R1 and the second flow path R2 will
be described in detail below.

[Unit of First Flow Path R1]

[0033] Inthis embodiment, for the packing module 1, in
the stacking direction from the front side to the rear side in
the figure, a unit of the first flow path R1 is formed
between an adjacent packing sheet B and the packing
sheet A located behind the packing sheet B, namely,
between the packing sheets B-A.

[0034] As shown in the figure, the first flow path R1
includes the following from top to bottom: a first upper-
end opening 210 located on the left side of the upper end
of the packing module 1; a left upper-section guide part
201 of the upper-section guide part 200 filled and sup-
ported between the packing sheets B and A by the upper-
left-path flow straightening plate 230; a first heat ex-
change part 401 in the form of a flat cavity formed
between the packing sheets B-A in the stacking direction
of the heat exchange part 400; a left lower-section guide
part 301 of the lower-section guide part 300 filled and
supported between the packing sheets B and A by the
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lower-left-path flow straightening plate 330; and a first
lower-end opening 310 located on the left side of the
lower end of the packing module 1.

[0035] Thus, in this embodiment, one unit of the first
flow path R1 in the form of a flat cavity is formed between
the adjacent packing sheets B and A, and the first upper-
end opening 210 serving as the upper-end opening of the
unit and the first lower-end opening 310 serving as the
lower-end opening of the unit are located on the same
side perpendicular to the stacking direction.

[Unit of Second Flow Path R2]

[0036] Inthis embodiment, for the packing module 1,in
the stacking direction from the front side to the rear side in
the figure, a unit of the second flow path R2 is formed
between an adjacent packing sheet A and the packing
sheet B located behind the packing sheet A, namely,
between the packing sheets A-B.

[0037] Asshownin the figure, the second flow path R2
includes the following from top to bottom: a second
upper-end opening 220 located on the right side of the
upper end of the packing module 1; a right upper-section
guide part 202 of the upper-section guide part 200 filled
and supported between the packing sheets A and B by
the upper-right-path flow straightening plate 240; a sec-
ond heat exchange part 402 in the form of a flat cavity
formed between the packing sheets A-B in the stacking
direction of the heat exchange part 400; a right lower-
section guide part 302 of the lower-section guide part 300
filled and supported between the packing sheets Aand B
by the lower-right-path flow straightening plate 340; and a
second lower-end opening 320 located on the right side
of the lower end of the packing module 1.

[0038] Thus, in this embodiment, one unit of the first
flow path R1 in the form of a flat cavity is formed between
the adjacent packing sheets A and B, and the second
upper-end opening 220 serving as the upper-end open-
ing of the unit and the second lower-end opening 320
serving as the lower-end opening of the unit are located
on the same side perpendicular to the stacking direction.

[Heat Exchange Part 400]

[0039] The first heat exchange parts 401 and the sec-
ond heat exchange parts 402 are alternately stacked to
form the heat exchange part 400, in which the first flow
path R1 and the second flow path R2 are alternately
stacked with each other for indirect heat exchange.

[Upper-end and Lower-end Openings of Flow Path]

[0040] As described above, in the stacking direction of
the packing sheets A and B, the first flow path R1 and the
second flow path R2 in the form of a flat cavity are formed
between the packing sheets B-A and the packing sheets
A-B, respectively, such that the first flow path R1 and the
second flow path R2 are alternately stacked. Therefore,
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for the packing module 1, first and second upper-end
openings 210, 220 that are arranged in parallel in the
direction perpendicular to the stacking direction are
formed on the upper-end edge.

[0041] In this embodiment, as shown in the figure, the
first upper-end opening 210 is formed on the left side.
Since the left-side upper end portion of the packing sheet
Ais offset toward the back side in the figure and the left-
side upper end portion of the packing sheet B is offset
toward the opposite front side in the figure, the left-side
upper end portions of the packing sheets A-B are at-
tached to each other, and the left-side upper end portions
of the packing sheets B-A are spaced apart from each
other. Thus, strip-shaped openings are formed by the left-
side upper end portions of the packing sheets B-A being
spaced apart from each otherand are arranged in parallel
in the stacking direction via the left-side upper end por-
tions of the attached packing sheets A-B, forming a
complete first upper-end opening 210. When the thick-
ness of the packing sheet is not taken into account, it is
equivalent to forming an open first upper-end opening
210 over the entire region on one side (left side in the
figure) perpendicular to the stacking direction at the
upper end of the packing module 1.

[0042] Similarly, the second upper-end opening 220 is
formed on the right side, opposite to the first upper-end
opening 210, the right-side upper end portion of the
packing sheet B is offset toward the back side in the
figure, and the right-side upper end portion of the packing
sheet A is offset toward the opposite front side in the
figure, such that the right-side upper end portions of the
packing sheets B-A are attached to each other, and the
right-side upper end portions of the packing sheets A-B
are spaced apart from each other. Thus, strip-shaped
openings are formed by the right-side upper end portions
of the packing sheets A-B being spaced apart from each
otherand are arranged in parallel in the stacking direction
via the right-side upper end portions of the attached
packing sheets B-A, forming a complete second upper-
end opening 220. When the thickness of the packing
sheet is not taken into account, it is equivalent to forming
an open second upper-end opening 220 over the entire
region on the other side (right side in the figure) perpen-
dicular to the stacking direction at the upper end of the
packing module 1.

[0043] In another aspect, the first upper-end opening
210 and the second upper-end opening 220 that are
arranged in parallel in the direction perpendicular to
the stacking direction are formed on the lower-end edge.
[0044] In this embodiment, as shown in the figure, the
first lower-end opening 310 is formed on the left side.
Since the left-side lower end portion of the packing sheet
Ais offset toward the back side in the figure and the left-
side lower end portion of the packing sheet B is offset
toward the opposite front side in the figure, the left-side
lower end portions of the packing sheets A-B are at-
tached to each other, and the left-side lower end portions
of the packing sheets B-A are spaced apart from each
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other. Thus, strip-shaped openings are formed by the left-
side lower end portions of the packing sheets B-A being
spaced apart from each otherand are arranged in parallel
in the stacking direction via the left-side lower end por-
tions of the attached packing sheets A-B, forming a
complete first lower-end opening 310. When the thick-
ness of the packing sheet is not taken into account, it is
equivalent to forming an open first lower-end opening
310 over the entire region on one side (left side in the
figure) perpendicular to the stacking direction at the lower
end of the packing module 1.

[0045] Similarly, the second lower-end opening 320 is
formed on the right side, opposite to the first lower-end
opening 310, the right-side lower end portion of the
packing sheet B is offset toward the back side in the
figure, and the right-side lower end portion of the packing
sheet A is offset toward the opposite front side in the
figure, such that the right-side lower end portions of the
packing sheets B-A are attached to each other, and the
right-side lower end portions of the packing sheets A-B
are spaced apart from each other. Thus, strip-shaped
openings are formed by the right-side lower end portions
of the packing sheets A-B being spaced apart from each
otherand are arranged in parallel in the stacking direction
via the right-side lower end portions of the attached
packing sheets B-A, forming a complete second lower-
end opening 320. When the thickness of the packing
sheet is not taken into account, it is equivalent to forming
an open second lower-end opening 320 over the entire
region on the other side (right side in the figure) perpen-
dicular to the stacking direction at the lower end of the
packing module 1.

[Opening of Flow Path]

[0046] Thefirstflow path R1 will be described in further
detail in a direction from top to bottom.

[0047] As described above, the first flow path R1 is
formed at the upper end of the packing module 1, whichis
equivalent to forming the first upper-end opening 210
over the entire region on the left side perpendicular to the
stacking direction. In addition, at the first upper-end
opening 210, the first flow path is divided into a plurality
of units by the portion where the left-side upper end
portions of the packing sheets A-B are attached to each
other. In the left upper-section guide part 201, after
passing downward through the portion where the left-
side upper end portions of the packing sheets A-B are
attached to each other, the units of the first flow path R1
separate from each other in the stacking direction. In one
aspect, the dimension in the stacking direction gradually
decreases, and in another aspect, the dimension in the
direction perpendicular to the stacking direction gradu-
ally increases to substantially the width of the packing
sheets Aand B, forming a flat shape; that s, the thickness
decreases while the width increases. The units enter,
from the upper-section guide part 200, into the first heat
exchange part 401 of the heat exchange part 400, which
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is a flat heat exchange space defined by the packing
sheets B-A.

[0048] Asthe heatexchange part400 continues down-
ward to the lower-section guide part 300, contrary to the
situation in the upper-section guide part 200, the units of
the first flow path R1 extend downward from a flat shape
having a width substantially equal to the width of the
packing sheets A and B. In one aspect, the dimension
in the stacking direction gradually increases, and in an-
other aspect, the dimension in the direction perpendicu-
lar to the stacking direction gradually decreases to the
width of the second lower-end opening 320; that is, the
thickness increases while the width decreases. In the left
lower-section guide part 301, the units merge at the
portion where the left-side lower end portions of the
packing sheets A-B are attached to each other and reach
the first lower-end opening 310.

[0049] Thus, in the first flow path R1, theoretically, the
cross-sectional area of the flow path remains substan-
tially unchanged throughout the entire flow path from the
first upper-end opening 210, through the upper-section
guide part 200, the heat exchange part 400, and the
lower-section guide part 300, to the first lower-end open-
ing 310.

[0050] The second flow path R2 is configured rotation-
ally symmetrical to the first flow path R1, which will be
described in further detail below.

[0051] Asdescribed above, the second flow path R2 is
formed at the upper end of the packing module 1, whichis
equivalent to forming the second upper-end opening 220
over the entire region on the right side perpendicular to
the stacking direction. In addition, at the second upper-
end opening 220, the second flow path is divided into a
plurality of units by the portion where the right-side upper
end portions of the packing sheets B-A are attached to
each other. In the right upper-section guide part 202, after
passing downward through the portion where the right-
side upper end portions of the packing sheets B-A are
attached to each other, the units of the first flow path R1
separate from each other in the stacking direction. In one
aspect, the dimension in the stacking direction gradually
decreases, and in another aspect, the dimension in the
direction perpendicular to the stacking direction gradu-
ally increases to substantially the width of the packing
sheets Aand B, forming a flat shape; thatis, the thickness
decreases while the width increases. The units enter,
from the upper-section guide part 200, into the second
heat exchange part 402 of the heat exchange part 400,
which is a flat heat exchange space defined by the
packing sheets A-B.

[0052] Asthe heatexchange part400 continues down-
ward to the lower-section guide part 300, contrary to the
situation in the upper-section guide part 200, the units of
the second flow path R2 extend downward from a flat
shape having a width substantially equal to the width of
the packing sheets A and B. In one aspect, the dimension
in the stacking direction gradually increases, and in an-
other aspect, the dimension in the direction perpendicu-
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lar to the stacking direction gradually decreases to the
width of the second lower-end opening 320; that is, the
thickness increases while the width decreases. In the
right lower-section guide part 302, the units merge at the
portion where the right-side lower end portions of the
packing sheets B-A are attached to each other and reach
the second lower-end opening 320. Thus, in the second
flow path R2, theoretically, the cross-sectional area of the
flow path remains substantially unchanged throughout
the entire flow path from the second upper-end opening
220, through the upper-section guide part 200, the heat
exchange part400, and the lower-section guide part 300,
to the second lower-end opening 320. As described
above, in this embodiment, the total opening area of
the first upper-end opening 210 and the second upper-
end opening 220, serving as the upper-end openings of
the first flow path R1 and the second flow path R2, is
consistent with the total flow-path cross-sectional area of
the respective portions from top to bottom. Similarly, the
total opening area of the first and second lower-end
openings 310, 320, which serve as the lower-end open-
ings of the first flow path R1 and the second flow path R2,
is consistent with the total flow-path cross-sectional area
of the respective portions from top to bottom. That is, the
opening area of the upper and lower ends of the packing
module 1 is consistent with the horizontal cross-sectional
area of the packing module 1, such that the fluid through-
put and the passage efficiency of all flow paths R1, R2
can be greatly increased, and the resistance of the pack-
ing module 1 can be reduced, which will be described in
further detail below.

[Flow Straightening Plate]

[0053] In this way, when the flow straightening plates
230, 240, 330, 340 are provided in the guide parts 201,
202, 301, 302, that is, when the flow straightening plates
230, 240, 330, 340 are provided in the respective firstand
second flow paths R1, R2, the flow straightening plates
230, 240, 330, 340 are formed in a corrugated shape, the
extension direction of the corrugated protrusions corre-
sponds to the extension paths of the first and second flow
paths R1, R2, and the thicknesses of the flow straighten-
ing plates 230, 240, 330, 340 are far different from the
flow-path cross-sectional area of the firstand second flow
path R1, R2, and thus the passage efficiency of the first
and second flow paths R1, R2 is not affected.

[0054] In addition, in this embodiment, the first upper-
end opening 210 and the second upper-end opening 220,
which serve as the upper-end openings of the first and
second flow paths R1, R2, are arranged in parallel in the
direction perpendicular to the stacking direction and have
substantially the same width, such that the upper-left-
path flow straightening plate 230 and the upper-right-
path flow straightening plate 240, which are respectively
located in the left upper-section guide part 201 and the
right upper-section guide part 202, have substantially
identical accommodating space configurations and are
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arranged in a rotationally symmetric manner. Therefore,
the upper-left-path flow straightening plate 230 and the
upper-right-path flow straightening plate 240 can be con-
figured using the same components.

[0055] Similarly, the first lower-end opening 310 and
the second lower-end opening 320, which serve as the
lower-end openings of the first and second flow paths R1,
R2, are arranged in parallel in the direction perpendicular
to the stacking direction and have substantially the same
width, such that the lower-left-path flow straightening
plate 330 and the lower-right-path flow straightening
plate 340, which are respectively located in the left low-
er-section guide part 301 and the right lower-section
guide part 302, have substantially identical accommodat-
ing space configurations and are arranged in a rotation-
ally symmetric manner. Therefore, the lower-left-path
flow straightening plate 330 and the lower-right-path flow
straightening plate 340 can be configured using the same
components.

[0056] Further, in this embodiment, by making the
heights of the upper-section guide part 200 and the low-
er-section guide part 300 substantially the same, and
making the configurations of the accommodating spaces
for the flow straightening plates 230, 240, 330, 340 sub-
stantially the same, the upper-left-path flow straightening
plate 230, the upper-right-path flow straightening plate
240, the lower-left-path flow straightening plate 330, and
the lower-right-path flow straightening plate 340 can be
configured using the same components. In this way,
when the packing module 1 is manufactured, only the
packing sheet A, the packing sheet B, and the shared flow
straightening plate are required, thereby significantly
reducing the production cost of the packing module 1,
and significantly improving the assembly efficiency.
[0057] Inthis embodiment, the same packing sheets A
and B as in Embodiment 1 may be used. In Embodiment
1, the left upper-section guide part 201, the right upper-
section guide part 202, the left lower-section guide part
301, and the right lower-section guide part 302 are pro-
vided with the upper-left-path flow straightening plate
230, the upper-right-path flow straightening plate 240,
the lower-left-path flow straightening plate 330, and the
lower-right-path flow straightening plate 340, respec-
tively. The left upper-section guide part 201 and the left
lower-section guide part 301 are both located on the
same side of the packing module 1 (the left side in
Embodiment 1), and the right upper-section guide part
202 and the right lower-section guide part 302 are both
located on the other same side of the packing module 1
(the right side in Embodiment 1). That is, the fluid flowing
into/introduced into the packing module 1 from one side
(the left side) of the packing module 1 in the width direc-
tion forms a flow path R1 extending over substantially the
entire width of the packing module 1 in the heat exchange
part 400. The fluid flowing into/introduced into the pack-
ing module 1 from the other side (the right side) of the
packing module 1 in the width direction forms a flow path
R2 extending over substantially the entire width of the
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packing module 1 in the heat exchange part 400. The
thicknesses of R1and R2 in the stacking direction are half
of the thicknesses of the openings in the stacking direc-
tion, and the sum of the respective thicknesses of R1 and
R2 is equivalent to half of the thickness of the packing
module 1 in the stacking direction. Therefore, a state
where inflow and outflow occur on the same side is
formed; that is, if hot water flows in from the first
upper-end opening 210 at the upper left end, the packing
module 1 flows out through the first lower-end opening
310 at the lower left end, and if cold air is introduced from
the first lower-end opening 310 at the lower left end, the
packing module 1 flows out through the first upper-end
opening 210 at the upper left end, forming the first flow
path R1. The same applies to the second upper-end
opening 220 and the second lower-end opening 320
serving as the upper and lower end openings on the right
side, except that the fluid flowing therethrough is different
from thaton the left side, forming the second flow path R2.
Certainly, the packing module 1 may also be configuredin
the same manner as conventional packing modules, in
which hot water is simultaneously sprayed into the first
and second upper-end openings 210, 220, and cold air is
simultaneously drawn from the first and second lower-
end openings 310, 320, such that the hot water and the
cold air in the flow path move in opposite directions and
are brought into direct contact for heat exchange. How-
ever, when different fluids flow into the first flow path R1
and the second flow path R2, the conventional method
cannot achieve the low saturated humidity of the dis-
charged hot air as in the above-described configuration,
and therefore cannot avoid plume formation.

[0058] Certainly, the first upper-end opening 210 and
the firstlower-end opening 310, which serve as the upper
and lower end openings of the first flow path R1, may also
be respectively arranged on different sides of the left and
right sides of the packing module. Similarly, the second
upper-end opening 220 and the second lower-end open-
ing 320, which serve as the upper and lower-end open-
ings of the second flow path R2, are also respectively
arranged on different sides of the left and right sides of the
packing module. This does not have a substantial effect
on the function of the packing module 1 that is provided
with the two flow paths R1, R2 arranged through the
packing sheets A and B and the openings at the upper
and lower ends, and falls within an embodiment equiva-
lent to Embodiment 1 described above.

[Embodiment 2]

[0059] A packing module 1’ according to Embodiment
2, which is a preferred embodiment of the present dis-
closure, differs from the packing module 1 according to
Embodiment 1 in that flow straightening plates are pro-
vided only in the first flow path R1, namely, the upper-left-
path flow straightening plate 230 provided in the left
upper-section guide part 201 of the first flow path R1
and the lower-left-path flow straightening plate 330 pro-
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vided in the left lower-section guide part 301 of the first
flow path R1, while no flow straightening plate is provided
in the second flow path R2. Therefore, in this embodi-
ment, the first flow path R1 is used as a water spraying
channel, and the second flow path R2 is used as an air
intake channel.

[0060] AsshowninFIGs.10to 12, by providingthe flow
straightening plates 230, 330 only in the first flow path R1,
in the first flow path R1, the spray water flows into the
packing module 1’ through the first upper-end openings
210, which are arranged in parallel in the stacking direc-
tion on the left side of the arrow shown in the drawing of
the packing module 1’, that is, through a portion of the
width of the upper opening. And the spray water is guided
to the substantially entire width range of the first heat
exchange part 401 by the flow straightening plate 230 in
the left upper-section guide part 201, thereby effectively
forming water films on the wall surfaces of the packing
sheets A and B on both sides of the first flow path R1.
Then, the spray water is guided by the flow straightening
plate 330 in the left lower-section guide part 301 to the
first lower-end openings 310 arranged in parallel in the
stacking direction on the left side of the arrow shown in
the drawing of the packing module 1’, and then flows out
through a portion of the width of the lower opening of the
packing module 1.

[0061] Inanother aspect, cold air is introduced into the
packing module 1’, via the second flow path R2, from the
second lower-end opening 320 arranged in the stacking
direction on the right side indicated by the arrow in the
drawing of the packing module 1’, namely, a portion of the
width of the lower opening, and then enters the right
lower-section guide part 302. After that, based on the
flow properties inherent to the gaseous fluid, the thick-
ness of the flow path is gradually limited in the stacking
direction by the lower-section guide part 302, and the
width of the flow path is gradually increased to substan-
tially the entire width of the second heat exchange part
402, thereby effectively exchanging heat, through the
packing sheets A and B, with hot water attached to the
wall portion of the first heat exchange part 401. Then, in
the right upper-section guide part 202, the width of the
flow path is gradually limited to the second upper-end
opening 220 arranged in the stacking direction, that is, a
portion of the width of the upper opening, and the thick-
ness of the flow path in the stacking direction is gradually
increased to 2d, such that the cold air is led out through
the second upper-end opening of the packing module 1°.
[0062] It can be seen that, compared with the packing
module 1 according to Embodiment 1 of the present
disclosure, in this embodiment, by removing the flow
straightening plates located at the right upper-section
guide part 202 and the right lower-section guide part
302 of the second flow path R2 and using the second
flow path R2 only as a cold air flow path, the cold air drawn
into the second flow path R2 can achieve the smallest
possible airflow resistance. In addition, since air flow is
not affected by gravity in the same manner as water flow,
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substantially the same cooling efficiency as that of the
packing module 1 according to Embodiment 1 can be
obtained even without providing the flow straightening
plate, while ensuring the same air flow rate through the
second flow path R2 as that in Embodiment 1 described
above. However, in this case, since the flow straightening
plate is not provided in the second flow path R2, the
airflow resistance of the air introduced into the packing
module 1’ is smaller. When an active exhaust cooling
tower is used, the fan at the top of the cooling tower
requires lower power, which can effectively save electric
energy. In addition, since the packing module 1’ accord-
ing to this embodiment can achieve smaller airflow re-
sistance, it is more suitable for cooling towers that do not
employ a fan but instead draw air in a passive manner,
such as a hyperbolic cooling tower.

[0063] In this embodiment, preferably, the upper and
lower end openings of the first flow path R1 and the
second flow path R2 are located on the same side in
the width direction of the packing module, such that a
good water barrier structure can be formed through the
arrangement of the packing sheets A and B, thereby
preventing the water in the first flow path R1 provided
with the upper-left-path flow straightening plate 230 and
the lower-left-path flow straightening plate 330 from in-
truding into the air flow path of the second flow path R2
through the gap. A detailed explanation is provided here-
inafter.

[0064] Further, in this embodiment, as shown in FIG.
11, at the upper end portion of the packing sheet A of the
packing module 1’, the rear half portion of the first upper-
end opening 210 formed by the packing sheet A is formed
by offsetting the left side of the portion where the first
upper-end opening 210 is connected to the second
upper-end opening 220, namely, the first upper-end
opening 210 side, by a distance of d/2 toward the rear
side from the base position O, of the heat exchange part
400 of the packing sheet A. Furthermore, on the left-end
edge of the packing sheet A, aleft sealing edge part 215A
is formed by offsetting the rear half portion of the first
upper-end opening 210 toward the front side by a dis-
tance of d, that is, offsetting the base position O, of the
heat exchange part400 of the packing sheet A toward the
front side by a distance of d/2. The left sealing edge part
215A extends linearly in the vertical direction.

[0065] Furthermore, at the upper end portion of the
packing sheet A, the front half portion of the second
upper-end opening 220 of the second flow path R2 on
the rear side, which is formed by the packing sheet A, is
formed by offsetting the right side of the portion where the
first upper-end opening 210 is connected to the second
upper-end opening 220, namely, the second upper-end
opening 220 side, toward the front side by a distance of
d/2.

[0066] Further, atthe upper end portion of the packing
sheet B adjacent to the packing sheet A on the front side
in the stacking direction, the front half portion of the first
upper-end opening 210 formed by the packing sheet B is
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formed by offsetting the left side of the portion where the
first upper-end opening 210 is connected to the second
upper-end opening 220, namely, the first upper-end
opening 210 side, by a distance of d/2 toward the front
side from the base position Og of the heat exchange part
400 of the packing sheet B. Furthermore, on the left-end
edge of the packing sheet B, aleft sealing edge part215B
is formed by offsetting the front half portion of the first
upper-end opening 210 toward the rear side by adistance
of d, that is, offsetting the base position Og of the heat
exchange part 400 of the packing sheet B toward the rear
side by a distance of d/2. The left sealing edge part 215B
extends linearly in the vertical direction.

[0067] Furthermore, at the upper end portion of the
packing sheet B, the rear half portion of the second
upper-end opening 220 of the front-side second flow path
R2 formed by the packing sheet B is formed by offsetting
the right side of the portion where the first upper-end
opening 210 is connected to the second upper-end open-
ing 220, that is, the second upper-end opening 220 side,
by a distance of d/2 toward the rear side.

[0068] Thus, when the packing sheet A and the pack-
ing sheet B adjacent thereto on the front side are as-
sembled in contact with each other, the complete first
upper-end opening 210 is defined, at the upper-end
edges of the left-side portions of the packing sheet A
and the packing sheet B, by the rear half portion of the first
upper-end opening 210 of the packing sheet A and the
front half portion of the first upper-end opening 210 of the
packing sheet B adjacent to the front side. In addition, on
the left side of the first upper-end opening 210, the left
sealing edge part 215A of the packing sheet A and the left
sealing edge part 215B of the packing sheet B are
brought into contact with each other from top to bottom.
[0069] Thus, the first flow path R1 formed by the pack-
ing sheet A and the packing sheet B adjacent thereto on
the front side is provided with an inflow opening having a
thickness of 2d, namely, the first upper-end opening 210,
and the left sealing edge 215 of the first flow path R1 is
formed by combining the left sealing edge part 215A and
the left sealing edge part215B, which are offset relative to
each other and then brought into contact with each other.
The left sealing edge 215 thereof can easily form a
sealing structure during joint sealing. When the first flow
path R1 is used as a flow path for hot spray water, since
the hot water enters from the first upper-end opening 210
arranged in the front-rear direction on the left side of the
packing module 1’, the hot water is less likely to seep out
from the left sealing edge 215 when the hot water is
guided into the heat exchange part 400.

[0070] In another aspect, after the hot water is guided
from the first upper-end opening 210 to the heat ex-
change part 400, the water overflows, under the action
of its own gravity, along the rear wall surface of the
packing sheet B and the front wall surface of the packing
sheet A on the front and rear sides within the heat
exchange part 400, and does not easily intrude into the
right sealing edge of the packing module 1°. Therefore,
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the sealing performance requirement for the right sealing
edge is significantly reduced.

[0071] Specifically, in this embodiment, for the lower-
section guide part 300, if the lower-section guide part 300
is rotated by 180° about the horizontal axis perpendicular
to the stacking direction, the structure thereof is the same
as the configuration of the upper-section guide part 200.
For the lower-section guide part 300, similarly to the
configuration of the upper-section guide part 200, the
lower-end edges of the packing sheet A and the packing
sheet B adjacent to the front side thereof are offset, such
that the continuous left sealing edge parts 215A, 215B
are formed from top to bottom at the left-side edges of the
packing sheet A and the packing sheet B, including the
left-side edge of the heat exchange part 400, thereby
effectively preventing water from seeping out from the left
sealing edge 215, particularly preventing water from
seeping out from the left sealing edge 215 at portions
of the upper-section guide part 200 and the lower-section
guide part 300.

[0072] Furthermore, in this embodiment, any joining
method may be used for the sealing edge parts 215
formed by the left sealing edge parts 215A, 215B. How-
ever, from the perspective of assembly convenience,
pressure welding is preferred for joining the sealing edge
part215. This is because, when the packing sheets A and
B and the flow straightening plates 230, 330 are as-
sembled by using the device, the welding operation of
the packing sheets B-A can be completed by simply
aligning the adjacent packing sheets B in the front-to-
rear direction. In this case, since the packing sheets A
and B are offset to be brought into contact with each other
on the right-side portions of the upper and lower end
edges, the pressure welding device is operated to weld
the sealing edge part 215 and the right-side portions of
the upperand lower end edges of the packing sheets B-A.
[0073] Therefore, by inserting the flow straightening
plates 230, 330 between the packing sheets B-A and
welding the sealing edge part 215 and the right-side
portions of the upper and lower end edges of the packing
sheets B-A, the packing sheets B-A located at the front
and rear in the stacking direction can form a module with
extremely high structural stability, and then a plurality of
modules formed by the packing sheets B-A are combined
and bonded togetherin the stacking direction. Since each
individual module has good strength and stability, the
difficulty in module assembly can be greatly reduced, and
the efficiency of assembling the modules of the packing
sheets B-A into the packing module 1’ can be improved.
[0074] In the drawings of this embodiment, from the
perspective of assembly process and processing conve-
nience, the right sealing edge is not provided with the
same structure as that of the left sealing edge 215.
However, this does not constitute a limitation on the
configuration of the right sealing edge, and certainly, a
structure that is the same as that of the left sealing edge
215 may also be applied to the right sealing edge.
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[Embodiment 3]

[0075] A packing module 1" according to Embodiment
3, which is a preferred embodiment of the present dis-
closure, as shown in FIGs. 13 and 14, differs from the
packing module 1 according to Embodiment 1 described
above in the configuration and assembly method of the
upper-left-path flow straightening plate 230, the upper-
right-path flow straightening plate 240, the lower-left-
path flow straightening plate 330, and the lower-right-
path flow straightening plate 340, and their correspond-
ing first upper-end opening 210, second upper-end open-
ing 220, first lower-end opening 310, and second lower-
end opening 320.

[0076] Inthis embodiment, the upper-end edges of the
upper-left-path flow straightening plate 230 and the
upper-right-path flow straightening plate 240 are respec-
tively lower than the first upper-end opening 210 and the
second upper-end opening 220; that is, the upper-end
edges of the upper-left-path flow straightening plate 230
and the upper-right-path flow straightening plate 240 are
respectively positioned inside the first upper-end open-
ing 210 and the second upper-end opening 220.

[0077] Similarly, the upper-end edges of the lower-left-
path flow straightening plate 330 and the lower-right-path
flow straightening plate 340 are respectively higher than
the first lower-end opening 310 and the second lower-
end opening 320; that is, the lower-end edges of the
lower-left-path flow straightening plate 330 and the low-
er-right-path flow straightening plate 340 are respectively
positioned inside the first lower-end opening 310 and the
second lower-end opening 320.

[0078] In other words, in this embodiment, the open-
ing-side end portions of the flow straightening plates 230,
240, 330, 340 are respectively positioned within the
corresponding upper and lower end openings 210,
220, 310, 320 by a predetermined distance h. In FIGs.
13 and 14, only the upper-left-path flow straightening
plate 230 is shown as an example, and other flow straigh-
tening plates 240, 330, 340 may be provided in the same
manner.

[0079] When the packing sheets A and B are stacked,
atthe left upper-section guide part 201, since the packing
sheet A is offset toward the rear side in the stacking
direction and the packing sheet B is offset toward the
front side in the stacking direction, the left upper-end
edges of the packing sheet A and the packing sheet B
are brought into contact with each other at the edge of the
first upper-end opening 210.

[0080] Since the flow straightening plate 230 provided
in the left upper-section guide part 201 is located inside
the first upper-end opening 210, the upper-end edge of
the packing sheets A-B at the first upper-end opening 210
in the stacking direction is avoided, and the distance of h
is maintained. Thus, a welding process can be performed
on this clearance region using a heating fixture, thereby
forming a welding trace L.

[0081] In Embodiments 1 and 2, the flow straightening
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plate 230 is not retracted into the first upper-end opening
210. During the welding process, due to the interference
from the flow straightening plate arranged to be corru-
gated at the end surface of the first upper-end opening
210, only intermittent welds can be formed to accommo-
date the corrugated arrangement of the flow straighten-
ing plate 230. The left upper-end edge of the packing
sheets A-B can only be sealed by applying adhesive after
being brought into contact with each other.

[0082] Incontrast,inthisembodiment, by retracting the
flow straightening plate into the first upper-end opening
210, this clearance region can be utilized to perform
continuous pressure welding on the left upper-end edge
of the packing sheets A-B.

[0083] In this way, in one aspect, the connection
strength of the left upper-end edge of the packing sheets
A-B is improved, such that the overall strength of the
packing module 1" can be significantly improved even
after the packing sheets A and B are stacked in a plurality
of layers.

[0084] Inanother aspect, more importantly, in the case
where the first flow path R1 on the left side serves as a hot
spray water flow path and the second flow path R2 on the
right side serves as an air flow path, the inner side of the
left upper-end seam of the packing sheets A-B forming
the first upper-end opening 210 is in communication with
the second flow path R2. By joining the seam by welding,
the water tightness performance can be effectively im-
proved, thereby preventing the occurrence of water leak-
age due to adhesive failure caused by aging over time.
[0085] Furthermore, in this embodiment, as shown in
Embodiment 2, by positioning the first lower-end opening
also on the left side of the packing module 1" and forming
the continuous sealing edge parts 215A, 215B on the left-
side edges of the packing sheets A and B, respectively,
the probability of leakage from the upper end of the first
flow path R1 to the second flow path can be minimized
when the first flow path R1 serves as the hot spray water
flow path; additionally, the left side can also be sealed by
welding, thereby preventing leakage.

[0086] For the right side, since the first flow path R1
guides the hot water from a portion of the width on the left
side to substantially the entire width of the heat exchange
part and then back to a portion of the width on the left side
to flow out from the first lower-end opening 310, the hot
water, under the action of gravity, is difficult to overflow
from the right-side edge. Therefore, a simple convex-
concave engagement may be used for the right-side
sealing edge, such as fitting connection, adhesive bond-
ing, or spot welding.

[0087] Certainly, without considering a small increase
in the cost, the method corresponding to the left-side
sealing edge may also be used for the right-side sealing
edge. Certainly, the right sealing edge may also be
formed by offsetting the right-side edge of the heat ex-
change part 400 of the packing sheets A and B in the
same direction as the left-side edge. Therefore, the first
flow path can be completely sealed.
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[0088] In this embodiment, as an example, only the
configuration of the upper-left-path flow straightening
plate 230 and the first upper-end opening 210 in the left
upper-section guide part 201 is described, and the same
configuration may be adopted for other second upper-
end openings 220, first lower-end openings 310, and
second lower-end openings 320, and the corresponding
flow straightening plates 240, 330, 340. Therefore, the
overall strength of the packing module 1" can be im-
proved. In particular, for the upper and lower end surfaces
of the packing module 1" having the upper and lower end
openings 210, 220, 310, 320 arranged in parallel, the
strength will be significantly enhanced. In this way, the
firmness, reliability, and durability will be significantly
improved during the transportation, handling, mounting,
and daily operation of the packing module 1".

[Embodiment 4]

[0089] In Embodiment 1, the first upper-end opening
210 and the first lower-end opening 310 may both be
located on the left side of the packing module and have
the same width, and the second upper-end opening 220
and the second lower-end opening 320 may both be
located on the right side of the packing module and have
the same width. This is referred to as the same-side and
same-width configuration. Therefore, the packing sheet
A and the packing sheet B can be made of the same
components, thereby reducing the manufacturing cost of
the packing module. Thatis, the packing sheetB (i.e., the
flipped packing sheet A) may be rotated 180° about the
horizontal axis relative to the packing sheet A. Therefore,
in this embodiment, the description of the packing sheet B
is made based on the position of the packing sheet A
before being rotated.

[0090] The packing sheet A is configured such that an
upper left offset part offset toward the rear side is pro-
vided on the left side of the upper end portion, an upper
right offset part offset toward the front side is provided on
the right side of the upper end portion, a lower left offset
part offset toward the rear side is provided on the left side
ofthe lower end portion, and a lower right offset part offset
toward the front side is provided on the right side of the
lower end portion. The adjacent packing sheets B may be
arranged in such a way as to be rotated 180° about the
horizontal axis of the body part of the packing sheet A.
[0091] Thus, the upper right offset part of the packing
sheet A is brought into contact with the lower right offset
part of the packing sheet B located on the front side in the
stacking direction; the lower right offset part of the pack-
ing sheet A is brought into contact with the upper right
offset part of the packing sheet B, such that the first
upper-end opening 210 is formed between the upper left
offset part of the packing sheet A and the lower left offset
part of the packing sheet B, and the first lower-end open-
ing 310 is formed between the lower left offset part of the
packing sheet A and the upper left offset part of the
packing sheet B. The first upper-end opening 210 and
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the first lower-end opening 310 are in communication
with the first heat exchange part 401 formed between the
body part of the packing sheet A and the body part of the
packing sheet B on the upper side and the lower side in
the vertical direction, respectively, thereby forming the
first flow path R1.

[0092] The upper left offset part of the packing sheet A
is brought into contact with the lower left offset part of the
packing sheet B located on the rear side in the stacking
direction; the lower left offset part of the packing sheet Ais
brought into contact with the upper left offset part of the
packing sheet B, such that a second upper-end opening
220 is formed between the upper right offset part of the
packing sheet A and the lower right offset part of the
packing sheet B, and a second lower-end opening 320 is
formed between the lower right offset part of the packing
sheet A and the upper right offset part of the packing
sheet B. The second upper-end opening 220 and the
second lower-end opening 320 are in communication
with the second heat exchange part 402 formed between
the body part of the packing sheet A and the body part of
the packing sheet B on the upper side and the lower side
in the vertical direction, respectively, thereby forming the
second flow path R2.

[0093] Furthermore, an upper-left-path flow straigh-
tening plate 230 that gradually increases in width and
gradually decreases in thickness from the first upper-end
opening 310 to the first heat exchange part 401 is dis-
posed between the upper left offset part of the packing
sheet A and the lower left offset part of the packing sheet
B.

[0094] A lower-left-path flow straightening plate 330
that gradually increases in width and gradually de-
creases in thickness from the first lower-end opening
310 to the first heat exchange part 401 is disposed
between the lower left offset part of the packing sheet
A and the upper left offset part of the packing sheet B.
[0095] Similarly, an upper-right-path flow straightening
plate 240 that gradually increases in width and gradually
decreases in thickness from the second upper-end open-
ing 220 to the second heat exchange part402 is provided
between the upper right offset part of the packing sheet A
and the lower right offset part of the packing sheet B.
[0096] A lower-right-path flow straightening plate 340
that gradually increases in width and gradually de-
creases in thickness from the second lower-end opening
320 to the second heat exchange part 402 is disposed
between the lower right offset part of the packing sheet A
and the upper right offset part of the packing sheet B.
[0097] On this basis, as in Embodiment 2, the left-side
edge of each packing sheet A is offset toward the front
side to form a linear sealing edge part 215A, and the
sealing edge part of the packing sheet A is brought into
contact with the sealing edge part 215B of the packing
sheet B located on the front side in the stacking direction.
[0098] The sealingedge part215A of the packing sheet
A'is brought into contact with the sealing edge part 215B
of the packing sheet B located on the front side in the
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stacking direction, and the two are joined by welding,
forming a left sealing edge 215.

[0099] Thus, according to this embodiment, the num-
ber of components can be further reduced, and when the
packing module is assembled using the packing sheets, it
is only necessary to sequentially stack the non-flipped
packing sheet A and the packing sheet B that has been
rotated by 180°.

[Cooling Tower 1]

[0100] FIG. 10 is a schematic diagram of a cooling
tower manufactured based on the packing module 1
according to this embodiment.

[0101] The bottom layer of the cooling tower 10 is an air
inlet layer 101, and a plurality of air dampers 102 are
disposed around the periphery of the air inlet layer 101. A
packing layer 103 is disposed above the air inlet layer
101, and the packing layer 103 is formed by arranging a
plurality of packing modules 1 in a matrix pattern on a
horizontal plane. A spray part 104 is disposed above the
packing layer 103, and the spray part 104 sprays hot
water to be treated onto each packing module 1 of the
packing layer 103. A partition plate 105 extending in the
stacking direction of the packing module 1 is substantially
vertically disposed in a region between the spray part 104
and the packing layer 103. A plurality of partitioned
spaces 105a, 105b are defined by the partition plates
105 and the top surfaces of the packing modules 1. The
partitioned space 105a serves as a spray space for
spraying hot water, and the partitioned space 105b
serves as an air intake space for drawing air from bottom
to top. The spray space 105a and the air intake space
105b are alternately arranged in the direction perpendi-
cular to the stacking direction within the matrix formed by
the packing modules 1, and each partition plate 105 is
disposed at the junction position of the first upper-end
opening 210 and the second upper-end opening 220 of
the packing module 1, thereby separating the first flow
path R1 and the second flow path R2 that are in com-
munication with the first upper-end opening 210 and the
second upper-end opening 220. Above the spray part
104 is an exhaust layer 106, and above the exhaust layer
106 is an exhaust outlet 108 provided with afan 107. The
fan 107 draws air upward, causing cold air to enter the air
inlet layer 101 from the air damper 102 at the lower layer
of the cooling tower 10, move upward through each
packing module 1 of the packing layer 103, and pass
through the spray space 105a and the air intake space
105b. After being further mixed in the exhaust layer 106,
the cold air is discharged upward through the exhaust
outlet 108.

[0102] In another aspect, the hot water to be treated,
which is sprayed from the spray part 104 onto each
packing module 1 of the packing layer 103, falls to the
bottom surface of the airinlet layer 101 after being cooled
through the packing modules 1, and the cooled water is
recycled by a collection device for reuse in the factory.
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Operating State 1:

[0103] As described above, the cooling tower 10 is set
toawinter operating state. In this case, the hot waterto be
treated, which is sprayed from the spray part 104, is
confined within the spray space 105a and enters one
of the two flow paths of the packing module 1. In this
embodiment, since the partition plate 105 is disposed at
the junction position between the first upper-end opening
210 and the second upper-end opening 220 relative to
the packing module 1, the firstand second flow paths R1,
R2 that are adjacent to each other between two adjacent
packing modules 1 each form a water flow path, while the
flow paths R1, R2 on the outer side are adjacent to the
second and first flow paths that are adjacent thereto on
both sides, respectively, and both form air flow paths.
[0104] In the water flow path, the sprayed water flows
into the packing module 1, passes through the upper-
section guide part 200, and is formed in the heat ex-
change part 400 as a water film that is distributed over a
flat space of substantially the entire width of the packing
module 1 and attached to the wall surfaces on both sides
in the stacking direction of the flat space. The adjacent
flow paths on both sides in the stacking direction serve as
air flow paths, and heat exchange is performed with the
hotwaterin the water flow paths through the wall surfaces
of the packing sheets A and B.

[0105] When the cooling tower 10 operates in winter,
the air drawn into the air flow path from below the packing
module 1 is dry cold air, with low temperature and low
moisture content. During heat exchange with hot waterin
the air flow path of the packing module 1, since the heat
exchange is completed in an independent flow path
completely separated by the packing sheets A and B,
the temperature of the air rises when the air is discharged
from above the packing module 1, but the moisture con-
tent at this point remains unchanged; that is, hot dry air is
formed.

[0106] In another aspect, since hot water is sprayed
from the spray part 104 above in the water flow path, the
airdrawn by the fan 107 in the water flow path is subjected
to a large resistance. As a result, the air flow passing
through the water flow path is very small compared to that
passing through the air flow path, typically only a fraction
thereof. The air passing through the air flow path be-
comes hot saturated air, i.e., humid hot air.

[0107] The hot dry air passing through the air flow path
and the humid hot air passing through the water flow path
are mixed in the exhaust layer 106. Due to the small
amount of humid hot air, the resulting mixture forms
unsaturated hot air after mixing with the hot dry air. After
being discharged to the atmosphere through the fan 107
and the exhaust outlet 108, the unsaturated hot air is
gradually cooled, and a small amount of moisture is
precipitated, thereby significantly reducing plume forma-
tion.

[0108] In this embodiment, by switching the spray part
104, the spray space 105a and the air intake space 105b
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can be flexibly switched; that is, the spraying of hot water
into the spray space 105a is stopped, while hot water is
sprayed into the air intake space 105b. In this way, the
functions of the spray space 105a and the air intake
space 105b can be exchanged. In one aspect, the normal
operation of the cooling tower 10 can be ensured, and in
another aspect, the flow path R1 or R2 of the packing
module 1 in communication with the air intake space
105b can be effectively cleaned and maintained, such
that the cleaning and maintenance work on the cooling
tower 10 does not affect the normal operation of the
cooling tower 10.

Operating State 2:

[0109] In a summer operating state, by adjusting the
spray part 104, the air intake space 105b can be sprayed
with hot water in the same way as the spray space 105a.
This can ensure that the heat exchange efficiency of the
cooling tower 10 can be maximized without plume for-
mation in summer.

[Cooling Tower 20]

[0110] In this embodiment, the above-described pack-
ing module 1 is still used. However, for the cooling tower
20, only the differences from the cooling tower 10 will be
described in detail, and the same configuration will not be
repeated. The cooling tower 20 according to this embodi-
ment differs from the above-described cooling tower 10in
that, for each spray space 105a, a cover plate 109 in the
stacking direction of the packing module 1 is further
provided substantially horizontally above the partition
plate 105. The cover plate 109, the partition plate 105,
and the packing module 1 are provided to define a
plurality of partitioned spaces 205a, 205b. In this embo-
diment, the cover plate 109 is only disposed in the spray
space 205a for spraying hot water, while no cover plate
109 is disposed in the air intake space 205b for air
exhaust. Certainly, the cover plate 109 may also be
disposed in both the spray space 105a and the air intake
space 205b, and the cover plate 109 is configured as a
continuous plate or may be formed by combining a plur-
ality of plates, and the cover plate 109 may be flipped or
flipped in a bi-parting manner along one or both sides of
the partition wall 105 to form a detachable or openable
mode, such that the spray space 205a and the air intake
space 205b can be switched.

Operating State 1:

[0111] This operating state is particularly suitable for
winter in northern China. In this state, the operating
process of the cooling tower 20 is similar to that of the
above-described cooling tower 10, except that since the
cover plate 109 is disposed above the spray space 205a,
the spray space 205a does not function as an air intake
space in principle, and only the hot water flows downward
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through the flow path R1 or R2 of the packing module
corresponding to the spray space 205a. Therefore, in the
exhaust layer 106 of the cooling tower 20, only the hot dry
air from the air intake space 205b is present.

[0112] Therefore, in the cooling tower 20, only hot dry
air is drawn by the fan 107 and discharged from the
exhaust outlet 108, such that the moisture in the hot air
discharged by the cooling tower 20 is minimized, thereby
further improving the plume reduction capacity of the
cooling tower 20 in winter. In addition, since the dis-
charged air is only hot dry air, the amount of water
discharged from the cooling tower 20 is also reduced,
which is more conducive to saving water.

[0113] Inthe case where the spray space 205a and the
airintake space 205b are each provided with an openable
and closable (side-opening, double-opening, or remova-
ble) cover plate 109, by opening the cover plate above the
spray space 205a and closing the cover plate above the
air intake space 205b, and adjusting the spray part 104,
the functions of the spray space 205a and the air intake
space 205b can be exchanged in the same manner asin
the above-described cooling tower 10, thereby cleaning
the flow path R1 or R2 of the packing module 1 corre-
sponding to the original air intake space 205b and avoid-
ing the shutdown of the cooling tower 20.

[0114] Certainly, by opening only the cover plate 109,
the same operating state as that of the above-described
cooling tower 10 can be achieved, and their operating
efficiency and operating results are also substantially the
same.

Operating State 2:

[0115] In the summer operating state, by removing or
opening the cover plate 109 above the spray space 205a
and adjusting the spray part 104, hot water is sprayed into
the air intake space 205b in the same manner as into the
spray space 205a, such that the cooling tower 20 and the
above-described cooling tower 10 achieve the operating
state of improving the heat exchange efficiency in sum-
mer in the same manner.

[0116] In the cooling tower 20 according to this embo-
diment, the cover plate 109 disposed above the parti-
tioned spaces 205a, 205b is a flat plate, but is not limited
thereto. The cover plate may also be a plate extending
from the partition plates 105 on both sides of the parti-
tioned spaces 205a, 205b toward the center in the stack-
ing direction of the packing module 1, overlapping to seal
the partitioned spaces 205a, 205b, and forming an up-
ward or downward vertex angle at the overlapping posi-
tion. That is, as long as the upper portions of the parti-
tioned spaces 205a, 205b can be sealed, the configura-
tion of the cover plate 109 is not limited.

[0117] Inthe above embodiment, the flow straightening
plate 230 is disposed in the left upper-section guide part
201, formed between the packing sheets B-A in the
stacking direction of the packing module 1, of the
upper-section guide part 200 of the first flow path R1.
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[0118] Furthermore, the flow straightening plate 240 is
disposed in the right upper-section guide part 202,
formed between the packing sheets A-B in the stacking
direction, of the upper-section guide part 200 of the
second flow path R2.

[0119] In another aspect, the flow straightening plate
330 is disposed in the left lower-section guide part 301,
formed between the packing sheets B-A in the stacking
direction, of the lower-section guide part 300 of the first
flow path R1.

[0120] Furthermore, the flow straightening plate 340 is
disposed in the right upper-section guide part 202,
formed between the packing sheets A-B in the stacking
direction, of the lower-section guide part 300 of the
second flow path R2. Since the first upper-end opening
210 and the second upper-end opening 220 each occupy
substantially half of the width of the packing module 1, in
practice, the flow straightening plate 230 is provided in a
substantially right trapezoidal region. This region is de-
fined by: starting from substantially the middle portion of
the upper edge of the packing sheets B-A, extending
downward through the left-side edge of the upper-section
guide part 200, then moving rightward along the lower
end line of the upper-section guide part 200 to the right-
side edge of the upper-section guide part 200, and then
turning obliquely upward toward substantially the middle
portion of the upper edge of the packing sheet A (B). The
packing sheet A is offset toward the rear side at the right
trapezoid region, and conversely, the packing sheet B is
offset toward the front side. As a result, in the stacking
direction, the packing sheet A on the front side and the
packing sheet B on the rear side, namely, the packing
sheets A-B, are broughtinto close contact with each other
at the periphery of the first upper-end opening 210.
Consequently, at the first upper-end opening 210, the
opening width in the stacking direction between the pack-
ing sheet B on the front side and the packing sheet A on
the rear side, that is, between the packing sheets B-A, is
2d. That is, in this right trapezoid region, the distance in
the stacking direction at the first upper-end opening 210
ofthe upperendis approximately 2d, while the distance in
the stacking direction at the portion where the lower end
is connected to the heat exchange part 400 is the interval
d between the packing sheets A and B, thereby forming
the space of the left upper-section guide part 201.
[0121] Inthe horizontal direction, the flow straightening
plate 230 has a corrugated cross-section extending per-
pendicular to the stacking direction. At the upper portion
near the first upper-end opening 210, the corrugation
amplitude is large while the corrugation pitch is small.
As the flow straightening plate extends from top to bottom
toward the heat exchange part 400, the corrugation
amplitude gradually decreases, and the corrugation pitch
gradually increases, thereby filling the space of the left
upper-section guide part 201. By allowing the flow
straightening plate 230 to be corrugated in the horizontal
direction, a plurality of guide flow paths are formed from
the first upper-end opening 210 to the heat exchange part
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400. Each guide flow path has an upper end with a large
thickness in the stacking direction and a small width in the
horizontal direction, and a lower end with a small thick-
ness and alarge width. This enables the hot water flowing
in from the first upper-end opening 210, which has sub-
stantially half the width of the packing module 1, to be
effectively and uniformly guided to the heat exchange
part 400, which has substantially the entire width of the
packing module 1. Moreover, regardless of the individual
guide flow path or the entire guide flow path, the changein
the cross-sectional area of the guide flow path from top to
bottom is minimized, thereby reducing fluid resistance.
Good passage efficiency can be achieved for both the hot
water sprayed from above and the air drawn in from
bottom to top.

[0122] The same configuration is applied to the flow
straightening plate 240 located in the space of the right
upper-section guide part 202, except that the arrange-
ment position thereof is rotationally symmetrical to that of
the flow straightening plate 240 in the horizontal direc-
tion.

[0123] Similarly to the left upper-section guide part 201
and the right upper-section guide part 202 located in the
upper-section guide part 200, the flow straightening
plates 330, 340 are respectively provided in the left low-
er-section guide part 301 and the right lower-section
guide part 302. The left lower-section guide partis formed
by offsetting, toward the outer side in the stacking direc-
tion, an inverted right trapezoid region of the packing
sheets B-A at the lower-section guide part 300, and the
right lower-section guide part is formed by offsetting,
toward the outer side in the stacking direction, aninverted
right trapezoid region of the packing sheets A-B at the
lower-section guide part 300. The flow straightening
plates 330, 340 form, in the left lower-section guide part
301 and the right lower-section guide part 302, a plurality
of flow paths that have an upper end with a small thick-
ness in the stacking direction and a large width in the
horizontal direction, and a lower end with a large thick-
ness and a small width. Thus, this can guide the water
from the heat exchange parts 400 having substantially
the entire width of the first and second flow paths R1, R2
of the packing module 1 to the first and second lower-end
openings 310, 320 having substantially half the width.
That is, the flow straightening plates 330, 340 have an
inverted configuration in which the corrugation amplitude
is large and the corrugation pitch is small at the first and
second lower-end openings 310, 320. As the flow straigh-
tening plate extends from bottom to top toward the heat
exchange part 400, the corrugation amplitude gradually
decreases and the corrugation pitch gradually increases.
[0124] Similarly, the flow straightening plate 330 lo-
cated in the space of the left lower-section guide part
301 and the flow straightening plate 340 located in the
space of the right lower-section guide part 302 are rota-
tionally symmetric in the horizontal direction.

[0125] Therefore, in the case where the first and sec-
ond upper-end openings 210, 220, and the first and
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second lower-end openings 310, 320 are each approxi-
mately half the width of the packing module 1, if the
vertical lengths of the upper-section and lower-section
guide parts 200, 300 are the same, the left upper-section
guide part 201, the right upper-section guide part 202, the
left lower-section guide part 301, and the right lower-
section guide part 302 may form a rotationally symmetric
structure. Therefore, the flow straightening plates 230,
240, 330, 340 may be configured as the same compo-
nent, such that only three types of components are
required during the manufacturing of the packing module
1, namely, the packing sheet A, the packing sheet B, and
a common flow straightening plate. In this way, not only
the mold cost and the production cost of components for
manufacturing the packing module 1 are significantly
reduced, but also the model differences of the flow
straightening plates do not need to be considered during
assembly of the packing sheet A, the packing sheet B,
and the flow straightening plate, which facilitates the
assembly and significantly reduces the overall produc-
tion cost of the packing module 1.

[0126] According to the above preferred embodiment,
by respectively offsetting and attaching the packing sheet
A and the packing sheet B at the upper-section guide part
and the lower-section guide part, the first upper-end
opening, the second upper-end opening, the first low-
er-end opening, and the second lower-end opening are
each stacked in the stacking direction. Without consider-
ing the thicknesses of the packing sheets A and B, the
total dimension of the openings in the stacking directionis
substantially equal to the stacking thickness of the pack-
ing module in the stacking direction.

[Embodiment 5]

[0127] In the packing module 1000 according to this
embodiment, similar to the above embodiments, a con-
figuration with a plurality of packing sheets alternately
stacked is also adopted, and a first flow path and a
second flow path are separately formed between the
plurality of packing sheets 1000A and 1000B. That is,
as shown in FIG. 17, in the front-to-rear direction along a
stacking direction of the packing module, a first flow path
1000G is formed between the packing sheets
1000A-1000B, and a second flow path 1000W is formed
between the packing sheets 1000B-1000A. The differ-
ence from the above embodiments lies in the arrange-
ment positions of upper-end openings of the first flow
path 1000G and the second flow path 1000W. In this
embodiment, in the left-to-right direction at the upper end
of the packing module 1000, an upper-end opening G of
the first flow path 1000G, serving as the first upper-end
opening, is provided at a central portion, while an upper-
end opening W of the second flow path 1000W, serving as
the second upper-end opening, includes an upper-end
opening W1 provided on the left side of the upper-end
opening G and an upper-end opening W2 provided on the
right side of the upper-end opening G. That is, in this
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embodiment, the second flow path 1000W is provided
with two upper-end openings W, with the upper-end
opening G of the first flow path 1000G interposed there-
between.

[0128] Inthis embodiment, the upper-end opening G of
the first flow path 1000G is in communication with a first
heat exchange part401 of the first flow path 1000G viaan
upper-section guide part of the first flow path 1000G,
thereby guiding the fluid entering through upper-end
opening G, which located at a central portion in a width
direction of the upper end of the packing module 1000, to
the first heat exchange part 401 occupying substantially
the entire width of the packing module 1000.

[0129] The two upper-end openings W1, W2 of the
second flow path 1000W are in communication with a
second heat exchange part 402 of the second flow path
1000W via an upper-section guide part of the second flow
path 1000W, thereby guiding the fluid entering through
upper-end openings W1, W2, which located on opposite
sides of the upper-end opening G of the first flow path
1000G in the width direction of the upper end of the
packing module 1000, to the second heat exchange part
402 occupying substantially the entire width of the pack-
ing module 1000.

[0130] Specifically, in the front-to-rear direction, in
which the packing sheets are stacked, as shown in the
figure, the first flow path 1000G is formed between the
packing sheet 1000B and the packing sheet A, and the
second flow path 1000W is formed between the packing
sheet 1000A and the packing sheet 1000B. Between the
heat exchange part 401 of the first flow path 1000G and
the heat exchange part 402 of the second flow path
1000W, the distances between the packing sheet
1000A and the packing sheet 1000B are substantially
uniform; that s, the packing sheet 1000A and the packing
sheet 1000B are substantially arranged in parallel at
positions of the first heat exchange part 401 and the
second heat exchange part 402.

[0131] Further, for the packing sheet 1000A and the
packing sheet 1000B, upper-section guide parts 200 of
the first and second flow paths 1000G, 1000W are dis-
posed above the heat exchange part 400 formed by
stacked first and second heat exchange parts 401, 402.
[0132] In this embodiment, the packing sheet 1000B
and the packing sheet 1000A are offset in opposite
directions at the respective upper-section guide parts
200 thereof in a region extending from the upper-end
opening G to the firstheat exchange part 401, to form first
offset parts 1100B, 1100A, so as to increase the distance
therebetween, thereby forming a first upper-end opening
part 1100 of a first upper-section guide part 200G.
Further, since the first offset parts 1100A, 1100B are
formed at the upper-section guide parts 200 of the pack-
ing sheet 1000A and the packing sheet 1000B, respec-
tively, the packing sheet 1000A and the packing sheet
1000B are brought into contact with each other at corre-
sponding regions.

[0133] Inanotheraspect, the packing sheet 1000A and
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the packing sheet 1000B are offset in opposite directions
at the respective upper-section guide parts 200 thereofin
aregion extending from the upper-end openings W1, W2
on opposite sides of the upper-end opening G to the
second heat exchange part 402, to form second offset
parts 1200A, 1200B, so as to increase the distance
therebetween, thereby forming second upper-end open-
ing parts 1200 of a second upper-section guide part
200W. Further, since the second offset parts 1200B,
1200A are formed at the upper-section guide parts 200
ofthe packing sheet 1000B and the packing sheet 1000A,
respectively, the packing sheet 1000B and the packing
sheet 1000A are brought into contact with each other at
corresponding regions.

[0134] In this embodiment, as described above, the
offset parts are formed in the upper sections of the
packing sheets 1000A, 1000B, the first upper-end open-
ing part 1100 and the second upper-end opening part
1200 are formed in the upper sections of the packing
module 1000, and further, the first upper-end opening G
and the second upper-end openings W1, W2 are formed
at upper-end edges of the first upper-end opening part
1100 and the second upper-end opening part 1200. Thus,
in the first flow path 1000G, the first upper-end opening G
occupying a portion of the width of the central portion of
the packing module 1000 in the width direction is in
communication with the first heat exchange part 401
occupying substantially the entire width of the packing
module 1000; and in the second flow path 1000W, the
second upper-end openings W1, W2 occupying the re-
spective portions of the widths on opposite sides of the
packing module 1000 in the width direction are in com-
munication with the second heat exchange part 402
occupying substantially the entire width of the packing
module 1000. Therefore, it can be seen that in a single
second flow path 1000W formed between the packing
sheets 1000A-1000B, the second upper-end openings
W1, W2, serving as the second flow path 1000W, are in
communication with the common second heat exchange
part 402.

[0135] Furthermore, the thickness of the first upper-
end opening G and the thickness of the second upper-
end openings W1 and W2 in the stacking direction of the
packing module 1000 are greater than the respective
distances between corresponding packing sheets
1000A and 1000B in the stacking direction at the heat
exchange part 400.

[0136] Inthis embodiment, to make the flows in the first
flow path 1000G and the second flow path 1000W uni-
form, flow straightening plates are further disposed in the
respective first upper-section guide part 200G and the
second upper-section guide part 200W.

[0137] A first flow straightening plate 1300G, serving
as the first flow straightening plate in the first flow path
1000G, is disposed in the first upper-section guide part
200G between the first upper-end opening G and the first
heatexchange part401, and the first upper-section guide
part 200G serves to communicate the first upper-end
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opening G with the first heat exchange part 401 having
substantially the entire width of the packing module 1000.
Therefore, the first flow straightening plate 1300G dis-
posed in the first upper-section guide part 200G is formed
in a substantially isosceles trapezoidal shape, and is
provided with a plurality of flow guide grooves having
widths gradually increasing from top to bottom.

[0138] In addition, a second flow straightening plate
1300W, serving as the second flow straightening plate in
the second flow path 1000W, is disposed in the second
upper-section guide part 200W between the second
upper-end openings W1, W2 and the second heat ex-
change part 402, and the second upper-section guide
part 200W serves to communicate the second upper-end
openings W1, W2 with the second heat exchange part
402 having substantially the entire width of the packing
module 1000. Therefore, the second flow straightening
plate 1300W disposed in the second upper-section guide
part 200W is formed in a shape composed of two sub-
stantially right trapezoids, and is provided with a plurality
of flow guide grooves having widths gradually increasing
from top to bottom.

[0139] In this embodiment, the front projections of the
packing sheets 1000A, 1000B are substantially in a
rectangular shape. Therefore, the first upper-end open-
ing part 1100, formed by the first offset parts 1100B,
1100A, of the first upper-section guide part 200G is
formed in a substantially inverted triangular shape, and
the second upper-end opening parts 1200, formed by the
second offset parts 1200A, 1200B, of the second upper-
section guide part 200W are formed in substantially in-
verted right triangular shapes located at the left and right
corners of the upper ends of the packing sheets 1000A,
1000B. In this case, the first upper-end opening G and the
second upper-end openings W1, W2 are located at
upper-end edges of the packing module 1000.

[0140] Thus, vertical flow straightening parts are also
formed at positions of the first flow straightening plate
1300G and the second flow straightening plate 1300W
corresponding to the first upper-end opening part 1100
and the second upper-end opening part 1200 of the first
and second upper section guide parts 200G, 200W,
respectively. The vertical flow straightening parts have
substantially inverted triangular shapes and substantially
inverted right triangular shapes. The vertical flow straigh-
tening parts serve to separate the first and second upper-
section guide parts 200G, 200W of the first and second
flow paths 1000G, 1000W in advance, so as to ensure
that the flow rate distribution in each flow guide groove of
inclined flow straightening parts below the first and sec-
ond flow paths is substantially uniform. Further, in this
embodiment, the first upper-end opening part 1100 and
the second upper-end opening part 1200 are respectively
formed in the first and second upper-section guide parts
200G, 200W by providing the offset parts, and the first
and second flow straightening plates 1300G, 1300W are
provided. Additionally, first and second lower-end guide
parts 400G, 400W may also be formed by providing the
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same offset parts, and third and fourth flow straightening
plates 1300G’, 1300W’ are provided, thereby forming the
same first and second lower-end openings.

[0141] Based on the packing module according to this
embodiment, a plurality of packing modules that are ar-
ranged in parallel in a substantially horizontal direction
may be adopted when forming the cooling tower. The
differences from Embodiments 1 to 4 will be described in
detail below.

(Application Example 1)

[0142] Inthis embodiment, the first upper-end opening
G of the first flow path 1000G is located at a central
portion in the width direction of the packing module
1000, and the second upper-end openings W of the
second flow path 1000W are located on opposite sides
in the width direction of the packing module 1000, and a
plurality of packing modules 1000 are arranged in par-
allel, as shown in FIG. 27. FIG. 27 shows a schematic
diagram of Application Example 1 of the packing module
1000 according to this embodiment.

[0143] Unlike Embodiments 1 to 4, in this application
example, the lower end of the partition plate 2005 (i.e.,
the first partition plate) disposed above the packing mod-
ule 1000 and configured to separate the air flow path and
the spray water flow path, and the sealing portion be-
tween the partition plate and the packing module 1000
are both located on an inner side of the dimension of the
packing module in the width direction, and the above-
described situation in which the lower end of the partition
plate 105 is located at the junction portion between
adjacent packing modules does not occur. Specifically,
the partition plate 2005 extends in the stacking direction,
and the lower end of the partition plate 2005 corresponds
to a junction between the first upper-end opening G and
the second upper-end opening W in the width direction of
the packing module 1000.

[0144] In this way, the sealing between the packing
module 1000 and the partition plate 2005 is easier, and
the spray flow path is separated from the air flow path as
completely as possible, such that cold air flowing in from
below the packing module 1000 exchanges heat with hot
water in an adjacent flow path while passing through the
packing module 1000, and is discharged above the pack-
ing module 1000 without change in the absolute humidity
thereof.

[0145] However, the air having undergone heat ex-
change and discharged above the packing module
1000, after heat exchange with the hot water in the
adjacent flow path, becomes hot dry air. Since the air
temperature increases in the case where the absolute
humidity remains unchanged, the relative humidity drops
significantly.

[0146] In this application example, a partition plate
2005’ (i.e., the second partition plate) is also disposed
below the packing module 1000. Specifically, the partition
plate 2005 extends in the stacking direction, and the
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lower end of the partition plate 2005’ corresponds to a
junction between the first lower-end opening and the
second lower-end opening in the width direction of the
packing module 1000. Therefore, in the cooling tower
2000, the hot spray water after passing through the
packing module 1000 supplies as little moisture as pos-
sible to the cold air drawn in below the packing module
1000. In the packing module 1000, the cold air is isolated
from the hot water in the adjacent flow path, and moisture
is not supplied to the air flow path. Accordingly, when the
drawn-in cold airis discharged above the packing module
1000, the separation by the partition plate 2005 further
prevents moisture transfer from the spray part. There-
fore, in this application example, by isolating the air flow
path from the spray water as much as possible in the
cooling tower 2000, it is possible to supply as little moist-
ure as possible to the drawn-in air. In another aspect, in
the spray water flow path, since the valve plate 2009 in a
closed state is disposed above the spray head, the hot air
from the hot spray water is entrained into exhaust air as
little as possible, and is also separated from the drawn-in
cold air below the packing module 1000 by the partition
plate 2005’, thereby forming a closed flow path for the hot
spray water, and thus supplying as little moisture as
possible to the drawn-in air and exhaust air in the cooling
tower 2000. Therefore, even in winter in northern China,
visible plume discharged from the cooling tower 2000 can
be significantly reduced.

(Application Example 2)

[0147] Inaddition, the valve plate 2009 may also be set
in an inactive state (opened or omitted), resulting in a
state as shown in FIG. 28. Evenin this case, after the cold
air drawn in below the packing module 1000 is dis-
charged above the packing module, only a small amount
of moisture is mixed with the heat-exchanged cold air
above the partition plate 2005.

[0148] Since the temperature of the heat-exchanged
cold air increases while the absolute humidity remains
unchanged, the saturation ratio is low. In another aspect,
since the amount of moisture from the spray flow path is
limited, the heat-exchanged air having a significantly
reduced saturation ratio can be effectively utilized to
absorb moisture released from the spray part. Except
under conditions of extremely low temperatures in winter,
the cooling tower 2100 of Application Example 2 can also
effectively achieve a plume reduction effect.

[0149] In Application Examples 1 and 2 described
above, the first flow path 1000G is used as a flow path
for air, and the second flow path 1000W is used as a flow
path for the hot spray water. Accordingly, regions be-
tween adjacent packing modules 1000 are limited to the
range of the flow path for the hot spray water. In this case,
thefirstflow path 1000G, which serves as an air flow path,
allows all air drawn in by the cooling tower 2000 to flow
through the first flow path 1000G as much as possible
while ensuring the sealing performance between the
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lower end of the partition plate 2005 and the packing
module 1000.

[0150] However, for the mounting of the packing mod-
ules, a certain gap is inevitably left between adjacent
packing modules; otherwise, the mounting of the packing
modules becomes difficult. According to the packing
module 1000 of this embodiment, by arranging the first
upper-end opening G at the central portion in the width
direction of the packing module 1000 and arranging the
second upper-end openings W on opposite sides in the
width direction of the packing module 1000, adjacent
upper-end openings between adjacent packing modules
1000 can all become the second upper-end openings W,
such that the second upper-end openings W can be
configured as inlets for hot spray water, thereby effec-
tively reducing air leakage through the mounting gap
between adjacent packing modules 1000. As in Embodi-
ments 1 to 4, the gaps between the packing modules 100
are inevitably present in the air flow path, causing a
portion of the air to bypass the packing modules and
directly flow through the gap between the packing mod-
ules 100, thereby potentially reducing the heat exchange
efficiency. Furthermore, in the case where an excessively
large gap is formed between the packing modules 100
due to mounting errors or inaccuracies, the airflow rate
through the gap between the packing modules 100 sig-
nificantly increases, making it even more impossible to
ensure uniform air resistance throughout the cooling
tower. As a result, the uniformity of heat exchange effi-
ciency among the packing modules in the entire cooling
tower in the stacking direction of the packing modules
and between the packing modules is inevitably affected.
[0151] By employing the packing module 1000 of this
embodiment, the above problems can be appropriately
addressed.

(Application Example 3)

[0152] As Application Example 3 of the packing mod-
ule 1000 of this embodiment, in addition to the advan-
tages of Application Examples 1 and 2 described above,
the application example enables further improved heat
exchange efficiency of the cooling tower, a significant
reduction in the cost of the packing module, and further
improved convenience of mounting and maintenance. A
detailed explanation is provided below.

[0153] Inthisapplicationexample, asshowninFIG. 29,
a cooling tower 3000 is constructed using a packing
module 1000, and only differences between the cooling
tower 3000 and those of the foregoing embodiments are
described below.

[0154] In the cooling tower 3000, unlike the foregoing
configurations, a predetermined mounting spacing 3999
of 300-600 mm is provided between adjacent packing
modules 1000, and a closure plate 3998 is preferably
provided on a mounting base surface in the spacing
region between the packing modules 1000. If the closure
plate 3998 is not provided, a support beam serving as the
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mounting base for the packing module 1000 may be
formed to have a planar surface corresponding to the
spacing between the packing modules 1000.

[0155] In contrast to the Application Examples 1 and 2
described above, in this case, the second flow path
1000W of the packing module 1000 is preferably used
as the air flow path, and the first flow path 1000G is used
as the flow path for spray water.

[0156] In this way, the cooling tower 3000 may be
intentionally designed such that the packing modules
1000 are spaced apart from each other, and the mounting
spacing 3999 allows an operator to enter during mount-
ing and maintenance of the packing modules 1000, so as
to move and inspect the condition between adjacent
packing modules 1000.

[0157] Inparticular, during the mounting of the packing
modules 1000, since the dimension of the packing mod-
ule 1000 in the stacking direction of the packing module
1000 is relatively large, the packing module 1000 is
typically divided and stacked only to a predetermined
thickness to form units of the packing module 1000. The
units are then arranged in a straight line and close to each
other in the stacking direction of the packing module
1000, thereby forming the packing module 1000 as a
complete row. Therefore, during the mounting of the
cooling tower 3000, to ensure minimal air leakage and
water leakage from the cooling tower 3000, it is neces-
sary to ensure that the units of the packing module 1000
are mounted in a straightline. However, in the case where
no mounting spacing 3999 is provided between the pack-
ing modules 1000 in a lateral direction, the adjustment of
the straightness of the units of the packing module 1000
in the longitudinal direction becomes almost impossible,
and the mounting accuracy must be precisely controlled
when mounting each unit, such that the mounting effi-
ciency needs to be improved.

[0158] In view of this, in the application example, a
mounting spacing 3999 is provided between adjacent
packing modules 1000 in the lateral direction thereof,
such that the operator can easily adjust the units of the
packing module 1000 by means of the mounting spacing
3999 when mounting each packing module 1000 in the
stacking direction. Even in the case where a unit is
damaged due to an unexpected accident, the damaged
unit can be dismantled, the units in front of and behind the
damaged unit can be easily moved to the position of the
damaged unit, and a new unit is supplied from an end
portion in the stacking direction of the packing module
1000, thereby completing maintenance.

[0159] When the closure plate 3998 is disposed in the
mounting spacing 3999, the closure plate 3998 is pre-
ferably removable or erected, thereby rendering the clo-
sure plate 3998 ineffective. In this case, since the second
flow path 1000W is configured as the air flow path, alarge
amount of air passes only through the mounting spacing
3999. Inthis case, the cooling efficiency of the hot wateris
significantly reduced, which can meet some special re-
quirements in factory production.
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(Application Example 4)

[0160] FIG. 30 is a schematic diagram illustrating Ap-
plication Example 4. In this application example, similar
to Application Example 3, a spacing is provided between
adjacent packing modules 1000 in the lateral direction
thereof, but a conventional packing module F is further
disposed in the spacing.

[0161] As the conventional packing module F, any
existing packing module may be used. For example,
the conventional packing module F may be a packing
module that is most widely used to date and is simply
formed by stacking a plurality of packing sheets. Insuch a
packing module F, there are no separate flow paths. Fora
sheet-like heat exchange space formed by every two
adjacent packing sheets in the stacking direction, hot
water is sprayed in from the upper-end opening, and a
fan of the cooling tower 4000 is used to draw cold air into
the packing module F from the lower-end opening of the
packing module F, such that the air and the hot water are
brought into direct contact for heat exchange.

[0162] As described above, in this application exam-
ple, the second flow path 1000W is preferably used as the
flow path for the hot spray water, and the first flow path
1000G is used as the air flow path. Thus, in this applica-
tion example, the hot water is simultaneously supplied to
the second flow path 1000W and the packing module F,
and the hot water flowing into the packing module 1000
through the second upper-end openings W1, W2 of the
packing module 1000 exchanges heat with the air drawn
in from the second lower-end opening G’ of the packing
module 1000 in the packing module 1000. In another
aspect, the hot water sprayed into the packing module F
comes into direct contact with the air drawn in from the
lower end of the packing module F in the packing module
to exchange heat.

[0163] Accordingly, the air discharged upward from the
first upper-end opening G of the packing module 1000
forms hot air with a low saturation ratio, while the hot air
flowing out from the upper end of the packing module F
becomes saturated hot air.

[0164] Inanotheraspect, due tothe arrangement ofthe
second upper-end openings W1, W2, the air resistance in
the second flow path 1000W is extremely large, and thus,
only a very small amount of air is actually discharged
upward from the second upper-end opening W of the
packing module 1000, which is much smaller than that
through the packing module F.

[0165] Therefore, the air mixed above the packing
module primarily consists of the hot air with a low satura-
tion ratio discharged from the first upper-end opening G
of the packing module 1000, the saturated hot air dis-
charged from the packing module F, and the very small
amount of saturated hot air discharged from the second
upper-end opening W1/W?2 of the packing module 1000.
As aresult, the unsaturated hot air is effectively utilized,
such that the saturation ratio of the mixed air is reduced,
and the heat exchange efficiency of the cooling tower is
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significantly improved while ensuring a sufficient plume
reduction effect.

[0166] According to the packing module 1000 of this
embodiment, the first upper-end opening G is provided at
the central portion of the top end in the width direction,
and the second upper-end openings W (W1, W2) are
provided on opposite sides of the first upper-end opening
G, such that the construction of cooling towers 2000,
2100, 3000, 4000, etc. using the packing module 1000 is
more flexible, and air channels and hot water channels
can also be flexibly configured. In particular, when the first
flow path 1000G in communication with the first upper-
end opening G is used as the air flow path, the air flow
path and the hot spray water flow path can be separated
more completely. As a result, the relative humidity of the
air after heat exchange can be reduced as much as
possible, thereby improving the plume reduction effect.
This is particularly suitable for winter conditions in North-
ern China.

[0167] However, the packing module 1000 and the
cooling tower provided with the packing module 1000
according to this embodiment are not limited to the situa-
tions described in this embodiment.

[0168] Inthis embodiment, the packing module 1000 is
configured to include: upper-section guide parts 200G,
200W located in an upper section, heat exchange parts
401,402 located below the upper section, and alternately
stacked first flow paths 1000G and second flow paths
1000W formed by alternately overlapping packing sheets
1000A and packing sheets 1000B. The first flow path
1000G includes the first heat exchange part 401, the
second flow path 1000W includes the second heat ex-
change part402, and the firstheat exchange part401 and
the second heat exchange part402 overlap to form a heat
exchange part 400.

[0169] The packing sheet 1000A is provided with an
offset part 1100A, offset toward a front side in a stacking
direction, at a central portion of the upper-section guide
part 200G, and is provided with offset parts 1100B, offset
toward a rear side in the stacking direction, on opposite
sides of the upper-section guide part 200G. The packing
sheet 1000B is provided with an offset part 1200A, offset
toward the rear side in the stacking direction, at a central
portion of the upper-section guide part 200W, and is
provided with offset parts 1200B, offset toward the front
side in the stacking direction, on opposite sides of the
upper-section guide part 200W.

[0170] Thus, by stacking the packing sheet 1000A and
the packing sheet 1000B, a first upper-end opening G is
formed by the offset parts 1100A, 1100B that are formed
by the packing sheet 1000A and the packing sheet 1000B
at the central portions of the upper-section guide parts
200G, 200W, respectively, and a second upper-end
opening W is formed by the offset parts 1200A, 1200B
that are formed by the packing sheet 1000B and the
packing sheet 1000A on opposite sides of the upper-
section guide parts 200G, 200W, respectively.

[0171] In the first flow path 1000G, the first upper-end
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opening G is in communication with the first heat ex-
change part 401 having substantially the entire width of
the packing module 1000; and in the second flow path
1000W, the second upper-end opening W is in commu-
nication with the second heat exchange part 402 having
substantially the entire width of the packing module.
[0172] In this embodiment, lower-section guide parts
are further disposed below the heat exchange parts. For
the first and second flow paths 1000G, 1000W, the lower-
section guide parts have configurations inverted relative
to the first and second upper-section guide parts 200G,
200W. That is, the lower-section guide parts include
corresponding offset parts and first and second lower-
end openings, and further include flow straightening
plates 1300G’, 1300W’, which are formed by inclined
flow guide parts embedded in the guide parts including
the offset parts, where the inclined flow guide parts
communicate first and second lower-end opening parts
with the firstand second heat exchange parts 401,402. In
this case, the same components as the flow straightening
plates 1300G, 1300W may be used as the flow straigh-
tening plates 1300G’, 1300W’, with the components
merely being inverted.

[0173] The flow straightening plates 1300G, 1300W
are located in the upper-section guide parts of the pack-
ing module 1000. In particular, when guiding hot spray
water, the hot spray water introduced from the first upper-
end opening G or the second upper-end opening W (W1
and W2) located at the central portion in the width direc-
tionis required to be guided to the first heat exchange part
401 or the second heat exchange part 402 having sub-
stantially the entire width of the packing module 1000.
The flow straightening plates are bent to form the lower
ends of flow guide grooves, and the lower ends gradually
flatten, such that the guided fluid is uniformly distributed
over the surfaces of the heat exchange parts of the
packing sheets 1000A and 1000B. However, for flow
straightening plates 1300G" and 1300W", since they
are located in the lower-section guide part, the uniformity
does not need to be considered when guiding the hot
spray water out of the packing module 1000. Therefore,
the flattened portion may be omitted, and only the bent
guide flow path portion may be retained. This can also
prevent low-velocity fluid, particularly hot spray water,
from causing accumulation of foreign matter in the water
due to narrowing of the flow path by the flattened portions
atthe upper ends of the flow straightening plates 1300G’,
1300W’ when flowing out of the packing module 1000,
thereby preventing clogging during long-term use.

[Packing Assembly 5100]

[0174] Asdescribed above, during the mounting of the
packing module 1000, the packing module 1000 is typi-
cally divided and stacked only to a predetermined thick-
ness (e.g., 1 mto 3 m)to form units of the packing module
1000. The units are then arranged in a straight line and
close to each otherin the stacking direction of the packing
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module 1000, thereby forming the packing module 1000
as a complete row. Therefore, during the mounting of the
cooling tower 3000, to ensure minimal air leakage and
water leakage from the cooling tower 3000, it is neces-
sary to ensure that the units of the packing module 1000
are mounted in a straight line. However, when the pack-
ing modules 1000 are mounted at the mounting site,
since the work is performed inside the cooling tower,
the packing modules 1000 often need to be manually
positioned in place, which makes the operation difficult. In
addition, due to inevitable factors such as tolerances and
deformations of the packing modules 1000, the connec-
tion surfaces between two adjacent packing modules
1000 in the stacking direction of the packing sheets
are notin close contact, which may easily cause leakage.
In cold winter conditions, water leaking into the air flow
path may freeze into ice, causing blockage of the air flow
path and even damage to the equipment.

[0175] To solve the above problem, as shown in FIGs.
31and 32, thisembodiment provides a packing assembly
5100, which includes a packing module 1000 and a
packing frame 5110 surrounding the outer side of the
packing module. In addition, the length of the packing
assembly 5100 in the stacking direction of the packing
sheets is greater than the width of the packing assembly
5100. In practical engineering applications, the packing
module 1000 may be manufactured in the factory, and the
above-described packing frame 5100 is mounted on the
outer side of the packing module.

[0176] For example, the length of the packing assem-
bly 5100 in the stacking direction of the packing sheets is
approximately equal to 1/2 of the length in the corre-
sponding direction within the internal space of the cooling
tower. Thus, as shown in FIGs. 33 and 34, the packing
assembly 5100 and the packing assembly 5100’ each
occupy half of the length of the cooling tower in the
corresponding direction. The packing assembly 5100
is mounted into the cooling tower by using a hoisting
device or a tool from the left side in FIG. 34, and the
packing assembly 5100’ is mounted into the cooling
tower by using a hoisting device or a tool from the right
side in FIG. 34. By adopting the above method, during
construction of the cooling tower, each of the packing
assemblies 5100, 5100’ can be quickly mounted into the
cooling tower, which greatly increases the speed of
mounting the packing layer in the cooling tower and
reduces the probability of leakage at the connection
surface between the packing modules.

[0177] In some embodiments, the above-described
packing frame 5100 may be made of a profile such as
a square tube or an angle iron by welding, screw con-
nection, or the like. The members forming the above-
described packing frame 5100 may be located at various
corners of the packing module 1000. To improve the
strength of the packing frame 5100, at least one of the
horizontal, vertical, and inclined braces may be further
provided.

[0178] As shown in FIGs. 31 and 32, the packing
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assembly 5100 can further include an upper frame 5120,
and the upper frame 5120 is fixed to the upper side of the
packing frame 5110. The upper frame 5120 may be
configured to serve as a supporting structure for a spray
system 5200. A spray pipe 5210 of the spray system may
be fixed to the top of the upper frame 5120, and a spray
head 5220 may be mounted at an appropriate position.
[0179] In addition, the above-described upper frame
5120 may be of a split structure; that is, the upper frame
5120 is formed by assembling a plurality of split bodies of
the upper frame 5120, and the upper frame 5120 is
mounted on the upper side of the packing frame 5110,
thereby reducing the weight of a single split body and
facilitating the transportation and assembly.

[0180] As shown in FIG. 33, by arranging the packing
frame 5110 and the upper frame 5120, support for the
mounting of the partition plate 2005 and the partition plate
2005’ can be provided without additionally constructing
crossbeams inside the cooling tower, thereby improving
the convenience of the mounting and the sealing perfor-
mance of the partition plates 2005, 2005’.

[0181] The packing module and the cooling tower with
the packing module according to the preferred embodi-
ments of the present disclosure have been described in
detail above. However, those skilled in the art can make
various modifications, changes, combinations, etc. on
this basis, and all such modifications, changes, and
combinations fall within the protection scope of the claims
of the present application.

Claims
1. A packing module, comprising

first packing sheets and second packing sheets
alternately stacked, the first and second packing
sheets forming first flow paths and second flow
paths that are alternately arranged, wherein an
upper-section guide part and a lower-section
guide part are disposed in an upper section
and a lower section of the packing module,
respectively;

the upper-section guide part comprises a plur-
ality of first upper-end openings and second
upper-end openings provided in an upper sur-
face of the packing module, wherein

the first upper-end openings are located at a
central portion of an upper end of the packing
module, arranged in parallel in a stacking direc-
tion, and in communication with the first flow
paths; and

the second upper-end openings are located on
opposite sides of the first upper-end opening,
arranged in parallel in the stacking direction, and
in communication with the second flow paths;
the lower-section guide part comprises a plur-
ality of first lower-end openings and second low-
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er-end openings provided in a lower surface of
the packing module, wherein

the first lower-end openings are located at a
central portion of a lower end of the packing
module, arranged in parallel in the stacking di-
rection, and in communication with the first flow
paths; and

the second lower-end openings are located on
opposite sides of the first lower-end opening,
arranged in parallel in the stacking direction, and
in communication with the second flow paths.

The packing module according to claim 1, wherein
a heat exchange part between the upper-section
guide part and the lower-section guide part, the heat
exchange part comprising: first heat exchange parts
in a form of a flat cavity formed between the second
packing sheets and the first packing sheets, and
second heat exchange parts in a form of a flat cavity
formed between the first packing sheets and the
second packing sheets, wherein the first heat ex-
change parts and the second heat exchange parts
are alternately stacked in the stacking direction.

The packing module according to claim 1, wherein
a first flow straightening plate is provided in the first
flow path located in the upper-section guide part, the
first flow straightening plate guiding a width of the
flow path from a width of the first upper-end opening
to an entire width of the packing module from top to
bottom.

The packing module according to claim 3, wherein
the first flow straightening plate is substantially in an
isosceles trapezoidal shape, and is provided with a
plurality of flow guide grooves having widths gradu-
ally increasing from top to bottom.

The packing module according to claim 4, wherein

the first flow straightening plate has a corrugated
transverse cross-section, and opposite sides of the
corrugated shape in a stacking direction abut against
the first packing sheet and the second packing sheet,
respectively.

The packing module according to claim 5, wherein
the first flow straightening plate has a large corruga-
tion amplitude and a small corrugation pitch at the
first upper-end opening, and during downward ex-
tension, the corrugation amplitude gradually de-
creases while the corrugation pitch gradually in-
creases.

The packing module according to claim 1, wherein
a second flow straightening plate is provided in the
second flow path located in the upper-section guide
part, the second flow straightening plate guiding a
width of the flow path from widths of opposite sides of
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the first upper-end opening to an entire width of the
packing module from top to bottom.

The packing module according to claim 7, wherein
the second flow straightening plate is substantially in
a shape composed of two right trapezoids, and is
provided with a plurality of flow guide grooves having
widths gradually increasing from top to bottom.

The packing module according to claim 8, wherein
the second flow straightening plate has a corrugated
transverse cross-section, and opposite sides of the
corrugated shape in a stacking direction abut against
the first packing sheet and the second packing sheet,
respectively.

The packing module according to claim 9, wherein
the second flow straightening plate has a large cor-
rugation amplitude and a small corrugation pitch at
the second upper-end opening, and during down-
ward extension, the corrugation amplitude gradually
decreases while the corrugation pitch gradually in-
creases.

The packing module according to claim 1, wherein
a third flow straightening plate is provided in the first
flow path located in the lower-section guide part, the
third flow straightening plate guiding a width of the
flow path from substantially an entire width of the
packing module to a width of the first lower-end
opening from top to bottom.

The packing module according to claim 11, wherein
the third flow straightening plate is substantially in an
inverted isosceles trapezoidal shape, and is pro-
vided with a plurality of flow guide grooves having
widths gradually decreasing from top to bottom.

The packing module according to claim 1, wherein
a fourth flow straightening plate is provided in the
second flow path located in the lower-section guide
part, the fourth flow straightening plate guiding a
width of the flow path from substantially an entire
width of the packing module to a width of the second
lower-end opening from top to bottom.

The packing module according to claim 13, wherein
the fourth flow straightening plate is substantially in a
shape composed of two inverted right trapezoids,
and is provided with a plurality of flow guide grooves
having widths gradually decreasing from top to bot-
tom.

The packing module according to claim 1, wherein
front projections of the first packing sheet and the
second packing sheet are substantially in a rectan-
gular shape.
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The packing module according to any one of claims 1
to 15, wherein

a total dimension of the first upper-end openings, the
second upper-end openings, the first lower-end
openings, and the second lower-end openings in
the stacking direction is substantially equal to a
stacking thickness of the packing module.

The packing module according to any one of claims 1
to 15, wherein

a total dimension of the first upper-end opening
and the second upper-end opening in a width
direction of the packing module is substantially
equal to a width of the packing module; and/or
a total dimension of the first lower-end opening
and the second lower-section opening in the
width direction of the packing module is sub-
stantially equal to the width of the packing mod-
ule.

The packing module according to any one of claims 1
to 15, wherein

at the upper-section guide part,

an upper end portion at a central portion in a
width direction of the first packing sheet is offset
toward one side in the stacking direction, and an
upper end portion at a central portion in a width
direction of the second packing sheet is offset
toward an opposite side in the stacking direction,
such that at a central portion of an upper end of
the upper-section guide part, the first packing
sheet and the second packing sheet are in close
contact with each other on one side in the stack-
ing direction, and the second packing sheet and
the first packing sheet are spaced apart from
each other on an opposite side in the stacking
direction, thereby forming the first upper-end
opening;

upper end portions on opposite sides in the
width direction of the second packing sheet
are offset toward one side in the stacking direc-
tion, and upper end portions on opposite sides in
the width direction of the first packing sheet are
offset toward the opposite side in the stacking
direction, such that at the central portion of the
upper end of the upper-section guide part, the
second packing sheet and the first packing
sheet are in close contact with each other on
one side in the stacking direction, and the first
packing sheet and the second packing sheetare
spaced apart from each other on an opposite
side in the stacking direction, thereby forming
the second upper-end opening.

The packing module according to claim 18, wherein
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at the lower-section guide part,

alower end portion at a central portion in a width
direction of the first packing sheet is offset to-
ward one side in the stacking direction, and a
lower end portion at a central portion in a width
direction of the second packing sheet is offset
toward an opposite side in the stacking direction,
such that ata central portion of alower end of the
lower-section guide part, the first packing sheet
and the second packing sheet are in close con-
tact with each other on one side in the stacking
direction, and the second packing sheet and the
first packing sheet are spaced apart from each
other on an opposite side in the stacking direc-
tion, thereby forming the firstlower-end opening;
lower end portions on opposite sides in the width
direction of the second packing sheet are offset
toward one side in the stacking direction, and
lower end portions on opposite sides in the width
direction of the first packing sheet are offset
toward an opposite side in the stacking direction,
such that at the central portion of the lower end of
the lower-section guide part, the second pack-
ing sheet and the first packing sheet are in close
contact with each other on one side in the stack-
ing direction, and the first packing sheet and the
second packing sheet are spaced apart from
each other on an opposite side in the stacking
direction, thereby forming the second lower-end
opening.

20. The packing module according to claim 19, wherein

at the upper-section guide part,

an offset amount of the upper end portion at the
central portion in the width direction of the first
packing sheet toward the one side in the stack-
ing direction gradually decreases from top to
bottom, and an offset amount of the upper end
portion at the central portion in the width direc-
tion of the second packing sheet toward the
opposite side in the stacking direction gradually
decreases from top to bottom;

an offset amount of the upper end portions on
the opposite sides in the width direction of the
second packing sheet toward the one side in the
stacking direction gradually decreases from top
to bottom, and an offset amount of the upper end
portions on the opposite sides in the width direc-
tion of the first packing sheet toward the oppo-
site side in the stacking direction gradually de-
creases from top to bottom;

at the lower-section guide part,

an offset amount of the lower end portion at the
central portion in the width direction of the first
packing sheet toward the one side in the stack-
ing direction gradually increases from top to
bottom, and an offset amount of the lower end
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portion at the central portion in the width direc-
tion of the second packing sheet toward the
opposite side in the stacking direction gradually
increases from top to bottom;

an offsetamount of the lower end portions on the
opposite sides in the width direction of the sec-
ond packing sheet toward the one side in the
stacking direction gradually increases from top
to bottom, and an offset amount of the lower end
portions on the opposite sides in the width direc-
tion of the first packing sheet toward the oppo-
site side in the stacking direction gradually in-
creases from top to bottom.

21. A cooling tower, comprising the packing module
according to any one of claims 1 to 20.

22. A cooling tower, comprising:

packing modules arranged inside the cooling
tower, wherein the packing module comprises:
a plurality of first packing sheets and second
packing sheets alternately stacked; in a stacking
direction, a first flow path is formed between the
first packing sheets and the second packing
sheets, and a second flow path is formed be-
tween the second packing sheets and the first
packing sheets; a first upper-end opening of the
first flow path is located at a central portion of an
upper end of the first packing module, and sec-
ond upper-end openings of the second flow path
are provided on opposite sides of the first upper-
end opening; afirstlower-end opening of the first
flow path is located at a central portion of a lower
end of the first packing module, and second
lower-end openings of the second flow path
are provided on opposite sides of the first low-
er-end opening; and

a plurality of first partition plates disposed above
the packing module and configured to separate
an air flow path from a spray water flow path,
wherein a sealing portion between the first parti-
tion plate and the packing module is located on
an inner side of a dimension of the packing
module in a width direction; the first partition
plate extends in the stacking direction, and a
lower end of the first partition plate corresponds
to a junction between the first upper-end open-
ing and the second upper-end opening in the
width direction of the packing module.

23. The cooling tower according to claim 22, further
comprising
a plurality of second partition plates disposed below
the packing module and configured to separate the
air flow path from the spray water flow path, wherein
a sealing portion between the second partition plate
and the packing module is located on the inner side
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of the dimension of the packing module in the width
direction; the second partition plate extends in the
stacking direction, and a lower end of the second
partition plate corresponds to a junction between the
first lower-end opening and the second lower-end
opening in the width direction of the packing module.

The cooling tower according to claim 22, wherein

in the spray water flow path, a valve plate capable of
sealing a space between two adjacent first partition
plates is disposed on an upper side of a spray head.

A cooling tower, comprising:

a first packing module and a second packing
module spaced apart from each other,
wherein the second packing module is formed
by stacking a plurality of packing sheets to form
only one flow path;

the first packing module comprises:

a plurality of first packing sheets and second
packing sheets alternately stacked, where-
in in a stacking direction, a first flow path is
formed between the first packing sheets
and the second packing sheets, and a sec-
ond flow path is formed between the second
packing sheets and the first packing sheets;
a first upper-end opening of the first flow
path is located at a central portion of an
upper end of the first packing module, and
second upper-end openings of the second
flow path are provided on opposite sides of
the first upper-end opening;

a first lower-end opening of the first flow
path is located at a central portion of a lower
end of the first packing module, and second
lower-end openings of the second flow path
are provided on opposite sides of the first
lower-end opening; the first flow path serves
as an air flow path, through which air flows
therein from the first lower-end opening and
flows out from the first upper-end opening;
the second flow path is a flow path for spray
water;

the second packing module is adjacent to a
second upper-end opening and a second
lower-end opening of the second flow path
and serves as a flow path for the spray
water, through which air flowing therein
from below the flow path exchanges heat
with water sprayed from above the flow
path.

The cooling tower according to claim 25, wherein

a first flow straightening plate is provided in an upper
section of the first flow path, the first flow straighten-
ing plate guiding a width of the flow path from a width
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of the first upper-end opening to substantially an
entire width of the first packing module from top to
bottom.

The cooling tower according to claim 26, wherein
the first flow straightening plate is substantially in an
isosceles trapezoidal shape, and is provided with a
plurality of flow guide grooves having widths gradu-
ally increasing from top to bottom.

The cooling tower according to claim 25, wherein
a second flow straightening plate is provided in an
upper section of the second flow path, the second
flow straightening plate guiding a width of the flow
path from widths of opposite sides of the first upper-
end opening to substantially an entire width of the
first packing module from top to bottom.

The cooling tower according to claim 28, wherein
the second flow straightening plate is substantially in
a shape composed of two right trapezoids and is
provided with a plurality of flow guide grooves having
widths gradually increasing from top to bottom.

The cooling tower according to any one of claims 22
to 29, wherein

front projections of the first and second packing
sheets are substantially in a rectangular shape
and have a height equal to that of the second packing
module.

A packing assembly, comprising:

the packing module according to any one of
claims 1 to 20, wherein a length of the packing
module in the stacking direction is greater than a
width of the packing module; and

a packing frame surrounding an outer side of the
packing module.

The packing assembly according to claim 31, where-
in

an upper frame is disposed on an upper side of the
packing frame, and a height of the upper frame is
suitable for mounting a spray pipe and a spray head.

The packing assembly according to claim 32, where-
in

the upper frame comprises a plurality of separate
structures, the separate structures being separately
connected to the packing frame.

A cooling tower, comprising:

a packing assembly, the packing assembly compris-
ing a packing module and a packing frame surround-
ing an outer side of the packing module, wherein the
packing module comprises: a plurality of first packing
sheets and second packing sheets alternately
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stacked; in a stacking direction, a first flow path is
formed between the first packing sheets and the
second packing sheets, and a second flow path is
formed between the second packing sheets and the

first packing sheets; a first upper-end opening of the 5
first flow path is located at a central portion of an
upper end of the first packing module, and second
upper-end openings of the second flow path are
provided on opposite sides of the first upper-end
opening; a first lower-end opening of the first flow 10
path is located at a central portion of a lower end of

the first packing module, and second lower-end
openings of the second flow path are provided on
opposite sides of the first lower-end opening; a
length of the packing assembly in the stacking direc- 15
tion is approximately 1/2 of a length of an inner cavity

of the cooling tower in a corresponding direction.

35. The cooling tower according to claim 34, wherein

20
an upper frame is disposed on an upper side of
the packing frame, and a height of the upper
frame is suitable for mounting a spray pipe;
a plurality of first partition plates are disposed
above the packing module and configured to 25
separate an air flow path from a spray water
flow path, wherein a sealing portion between the
first partition plate and the packing module is
located on an inner side of a dimension of the
packing module in a width direction; the first 30
partition plate extends in the stacking direction,
and a lower end of the first partition plate corre-
sponds to a junction between the first upper-end
opening and the second upper-end opening in
the width direction of the packing module; the 35
first partition plate is fixedly connected to the
upper frame;
a plurality of second partition plates are dis-
posed below the packing module and config-
ured to separate the air flow path from the spray 40
water flow path, wherein a sealing portion be-
tween the second partition plate and the packing
module is located on the inner side of the dimen-
sion of the packing module in the width direction;
the second partition plate extends in the stack- 45
ing direction, and a lower end of the second
partition plate corresponds to a junction be-
tween the first lower-end opening and the sec-
ond lower-end opening in the width direction of
the packing module; an upper end of the second 50
partition plate is fixedly connected to the packing
frame.
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