
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

2 
77

6 
77

6
B

1
*EP002776776B1*

(11) EP 2 776 776 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
08.04.2020 Bulletin 2020/15

(21) Application number: 12847875.7

(22) Date of filing: 02.11.2012

(51) Int Cl.:
B01D 53/26 (2006.01) F28C 1/14 (2006.01)

F28C 1/16 (2006.01) F28D 9/00 (2006.01)

F28F 3/04 (2006.01) F28F 3/10 (2006.01)

F28F 9/007 (2006.01) F28F 25/08 (2006.01)

(86) International application number: 
PCT/US2012/063253

(87) International publication number: 
WO 2013/070513 (16.05.2013 Gazette 2013/20)

(54) AIR-TO-AIR ATMOSPHERIC HEAT EXCHANGER

ATMOSPHÄRISCHER LUFT/LUFT-WÄRMETAUSCHER

ÉCHANGEUR DE CHALEUR ATMOSPHÉRIQUE AIR-AIR

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 07.11.2011 US 201113290818

(43) Date of publication of application: 
17.09.2014 Bulletin 2014/38

(73) Proprietor: SPX Cooling Technologies Inc.
Overland Park, KS 66213 (US)

(72) Inventors:  
• MOCKRY, Eldon, F.

Lenexa, KS 66215 (US)
• KINNEY, Ohler, L.

Overland Park, KS 66223 (US)
• MORTENSEN, Kenneth, P.

Bonner Springs, KS 66012 (US)
• PULLEN, Kathryn, L.

Lenexa, KS 66215 (US)

• PETTERSON, Robert, W.
Prairie Village, KS 66208 (US)

• ROTH, William, M.
Lee’s Summit, MO 64086 (US)

• YANG, Jidong
Leawood, KS 66224 (US)

(74) Representative: Nguyen-Van-Yen, Christian
Marks & Clerk France 
Conseils en Propriété Industrielle 
Immeuble Visium 
22, Avenue Aristide Briand
94117 Arcueil Cedex (FR)

(56) References cited:  
WO-A1-2008/111732 DE-A1- 3 002 385
US-A- 4 801 410 US-A- 5 147 583
US-A- 5 217 788 US-A1- 2003 071 374
US-A1- 2003 192 678 US-A1- 2003 192 678
US-A1- 2005 077 637 US-A1- 2005 077 637
US-A1- 2010 159 209 US-B1- 6 206 350



EP 2 776 776 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to the
reduction of cooling tower plume and/or water reclama-
tion from cooling tower effluent or other heat rejection
devices. More particularly, the present invention relates
to method and apparatus for reducing the cooling tower
plume and/or reclaiming water from cooling tower effluent
to provide a source of clean water and reduce water con-
sumption of the cooling tower.

BACKGROUND OF THE INVENTION

[0002] In electricity generation using steam driven tur-
bines for example, water is heated by a burner to create
steam which drives a turbine to creates electricity. In or-
der to minimize the amount of clean water necessary for
this process, the steam must be converted back into wa-
ter, by removing heat, so that the water can be reused
in the process. In air conditioning systems for large build-
ings for example, air inside the building is forced passed
coils containing a cooled refrigerant gas thereby trans-
ferring heat from inside the building into the refrigerant
gas. The warmed refrigerant is then piped outside the
building where the excess heat must be removed from
the refrigerant so that the refrigerant gas can be re-cooled
and the cooling process continued.
[0003] In both of the foregoing processes, and numer-
ous other processes that require the step of dissipating
excess heat, cooling towers have been employed. In wet
type cooling towers, water is pumped passed a condens-
er coil containing the heated steam, refrigerant, or other
heated liquid or gas, thereby transferring heat into the
water. The water is then pumped to the cooling tower
and sprayed over a cooling tower media comprised of
thin sheets of material or splash bars. As the water flows
down the cooling tower media, ambient air is forced
passed the heated water and heat is transmitted from
the water to the air by both sensible and evaporative heat
transfer. The air is then forced out of the cooling tower
and dissipated into the surrounding air.
[0004] Cooling towers are highly efficient and cost ef-
fective means of dissipating this excess heat and thus
are widely used for this purpose. A common drawback
to cooling towers, however, is that under certain atmos-
pheric conditions a plume can be created by moisture
from the heated water source evaporating into the air
stream being carried out of the top of the cooling tower.
In heat dissipating arrangements where the cooling tower
is very large, as in the case of power plants, the plume
can cause low lying fog in the vicinity of the cooling tower.
The plume can also cause icing on roads in the vicinity
of the cooling tower where colder temperatures cause
the moisture in the plume to freeze.
[0005] Efforts have therefore been made to limit or
eliminate the plume caused by cooling towers. Examples

of such efforts can be found in the art for example plume
abated cooling tower are provided in which ambient air,
in addition to being brought in at the bottom of the tower
and forced upwards through a fill pack as hot water is
sprayed down on the fill pack, is brought into the cooling
tower through isolated heat conductive passageways be-
low the hot water spray heads. These passageways
which are made from a heat conductive material such as
aluminum, copper, etc., allow the ambient air to absorb
some of the heat without moisture being evaporated into
the air. At the top of the tower the wet laden heated air
and the dry heated air are mixed thereby reducing the
plume. Document US 2005/0077637 discloses an air-to-
air atmospheric heat exchanger for condensing cooling
tower effluent with sets of passageways. Document WO
2008/111732 discloses a heat exchanger for ventilation
system configured to discharge contaminated inside air
to the outside and to introduce fresh outside air to the
inside.
[0006] Another example includes a plume prevention
system in which the hot water is partially cooled before
being provided to the cooling tower. The partial cooling
of the hot water is performed using a separate heat ex-
changer operating with a separate cooling medium such
as air or water. As discussed in the patent, the separate
heat exchanger reduces the efficiency of the cooling tow-
er and thus should only be employed when atmospheric
conditions exist in which a plume would be created by
the cooling tower.
[0007] In yet another example, a system may be em-
ployed where hot water is first pumped through a dry air
cooling section where air is forced across heat exchange
fins connected to the flow. The water, which has been
partially cooled, is then sprayed over a fill pack positioned
below the dry air cooling section and air is forced through
the fill pack to further cool the water. The wet air is then
forced upwards within the tower and mixed with the heat-
ed dry air from the dry cooling process and forced out
the top of the tower.
[0008] While the foregoing systems provide useful so-
lutions to the wet cooling tower plume problem, they re-
quire the construction of a complex, and often times cost-
ly, wet and dry air heat transfer mechanisms. A simple
and inexpensive wet and dry air cooling mechanism is
still needed wherein dry heated air and wet laden heated
air can be mixed before passing out of the cooling tower
to thereby reduce the plume.
[0009] Another recognized problem with cooling tow-
ers is that the water used for cooling can become con-
centrated with contaminates. As water evaporates out of
the cooling tower, additional water is added but it should
be readily recognized that contaminants in the water will
become more concentrated because they are not re-
moved with the evaporate. If chemicals are added to the
cooling water to treat the water these chemicals can be-
come highly concentrated which may be undesirable if
released into the environment. If seawater or waste water
is used to replace the evaporated water, a common prac-
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tice where fresh water is not available or costly, salts and
solids in the water can also build up in the cooling water
circuit As these contaminants become more concentrat-
ed they can become caked in between the thin evapo-
rating sheets diminishing the towers cooling efficiency.
[0010] To prevent the foregoing problem it is a regular
practice to "blowdown" a portion of the water with the
concentrated contaminants and replace it with fresh wa-
ter from the source. While this prevents the contaminants
in the cooling tower water from becoming too concen-
trated, there may be environmental consequences to dis-
charging water during the blowdown process. Efforts
have therefore been made to reduce the water consump-
tion in cooling towers.
[0011] Another issue with cooling towers currently em-
ployed in the field is the desalination of sea water, and
purification of other water supplies, to create potable
drinking water. Numerous approaches have been devel-
oped to remove purified water from a moist air stream.
The major commercial processes include Multi-Stage
Flash Distillation, Multiple Effect Distillation, Vapor Com-
pression Distillation, and Reverse Osmosis.
[0012] The foregoing show that there is a need for de-
salination systems for converting sea water, or other wa-
ter supply containing high levels of contaminants, into a
purer water supply. A simple and cost effective means
of condensing the effluent of a cooling tower as a source
of water would therefore be desirable.

SUMMARY OF THE INVENTION

[0013] A fill pack for use with a heat exchange appa-
ratus having a first axis and a second axis, comprising:
a plurality of sheets, each sheet having first, second, third
and fourth edges, wherein each sheet generally lies in a
plane that is generally parallel to the first axis and said
plurality of sheets combine to form a plurality of first con-
duits and a plurality of second conduits, each sheet fur-
ther comprising:

a first vertical rib that extends in a first direction gen-
erally parallel to the first axis along the sheet, sub-
stantially all the way between the first and second
edges, wherein said first vertical rib protrudes in a
second direction out of the plane;
a second vertical rib that extends in the first direction
along the sheet, substantially all the way between
the first and second edges generally parallel to said
first vertical rib, wherein said second vertical rib pro-
trudes in the second direction out of the plane;
a first horizontal rib that extends in a third direction
generally parallel to the second axis along the sheet
substantially all the way between the third and fourth
edges, wherein said first horizontal rib protrudes in
a fourth direction opposite said second direction, into
the plane, wherein said first horizontal rib intersects
said first vertical rib;
a second horizontal rib that extends in the third di-

rection along the sheet substantially all the way be-
tween the third and fourth edges generally parallel
to said first horizontal rib, wherein said second hor-
izontal rib protrudes in the fourth direction opposite
said second direction, into the plane, wherein said
second horizontal rib intersects said second vertical
rib, wherein said first and second vertical ribs and
said first and second horizontal ribs form a boundary
that surrounds at least one generally planar region;
at least one stiffened corner, wherein said at least
one stiffened corner includes a portion of said plu-
rality of first and second conduits wherein adjacent
ones of said plurality of conduits contact one another
and wherein at said first edge and said third edge
are load bearing at said at least one stiffened corner;
wherein said adjacent conduits that contact one an-
other combine to form a honeycomb geometry;
wherein said honeycomb geometry of each stiffened
corner of each sheet is positioned so that the hon-
eycomb geometries of adjacent sheets contact each
other along a full face of adjacent honeycomb cells;
and wherein adjacent sheets mirror one another.

[0014] A fill pack having plurality of sheets each having
first, second, third and fourth edges along, for use with
a heat exchange apparatus having a first axis and a sec-
ond axis, wherein each sheet generally lies in a plane
that is generally parallel to the first axis and wherein the
plurality of sheets combine to form a plurality of conduits,
each sheet further comprising:

a first vertical rib that extends in a first direction gen-
erally parallel to the first axis along the sheet, sub-
stantially all the way between the first and second
edges, wherein said first vertical rib protrudes in a
second direction out of the plane;
a second vertical rib that extends in the first direction
along the sheet, substantially all the way between
the first and second edges generally parallel to said
first vertical rib, wherein said second vertical rib pro-
trudes in the second direction out of the plane;
a first horizontal rib that extends in a third direction
generally parallel to the second axis along the sheet
substantially all the way between the third and fourth
edges, wherein said first horizontal rib protrudes in
a fourth direction opposite said second direction, into
the plane, wherein said first horizontal rib intersects
said first vertical rib;
a second horizontal rib that extends in the third di-
rection along the sheet substantially all the way be-
tween the third and fourth edges generally parallel
to said first horizontal rib, wherein said second hor-
izontal rib protrudes in the fourth direction opposite
said second direction, into the plane, wherein said
second horizontal rib intersects said second vertical
rib, wherein said first and second vertical ribs and
said first and second horizontal ribs form a boundary
that surrounds at least one generally planar region,
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and wherein said at least one generally planar region
further comprises performance ribs disposed there-
on at an angle to the first axis.

[0015] A plurality of sheets each having first, second,
third and fourth edges along with first, second, third and
fourth corners, for use with a heat exchange apparatus
having a first and second axis, wherein the sheets gen-
erally lie in the first plane that is generally parallel to the
first axis and said sheets combine to form conduits, com-
prising:

a first vertical rib that extends in a first direction gen-
erally parallel to the first axis along the sheet, sub-
stantially all the way between the first and second
edges, wherein said first vertical rib protrudes in a
second direction out of the plane;
a second vertical rib that extends in the first direction
along the sheet, substantially all the way between
the first and second edges generally parallel to said
first vertical rib, wherein said second vertical rib pro-
trudes in the second direction out of the plane;
a first horizontal rib that extends in a third direction
along the sheet substantially all the way between the
third and fourth edges, wherein said first horizontal
rib protrudes in a fourth direction opposite said sec-
ond direction, into the plane, wherein said first hori-
zontal rib intersects said first vertical rib;
a second horizontal rib that extends in the third di-
rection along the sheet substantially all the way be-
tween the third and fourth edges generally parallel
to said first horizontal rib, wherein said second hor-
izontal rib protrudes in the fourth direction opposite
said second direction, into the plane, wherein said
second horizontal rib intersects said second vertical
rib, wherein said first and second vertical ribs and
said first and second horizontal ribs form a boundary
that surrounds at least one generally planar region;
and
a seal connecting said first and said second sheets
wherein said seal comprises a series of peaks that
extend in a first direction away out of the plane, and
a series of valleys that extend a second direction
opposite said first direction, into the plane, to form a
labyrinth geometry.

[0016] A method of producing a bonded sheet pair for
a fill pack, comprising:
providing a plurality of individual sheets, wherein said
plurality of sheets combine to form a plurality of conduits,
said sheets each comprise:
each sheet having first, second, third and fourth edges
along with first, second, third and fourth corners, wherein
each sheet generally lies in a plane that is generally par-
allel to the first axis, each sheet further comprising:

a first vertical rib that extends in a first direction gen-
erally parallel to the first axis along the sheet, sub-

stantially all the way between the first and second
edges, wherein said first vertical rib protrudes in a
second direction out of the plane;
a second vertical rib that extends in the first direction
along the sheet, substantially all the way between
the first and second edges generally parallel to said
first vertical rib, wherein said second vertical rib pro-
trudes in the second direction out of the plane;
a first horizontal rib that extends in a third direction
generally parallel to the second axis along the sheet
substantially all the way between the third and fourth
edges, wherein said first horizontal rib protrudes in
a fourth direction opposite said second direction, into
the plane, wherein said first horizontal rib intersects
said first vertical rib;
a second horizontal rib that extends in the third di-
rection along the sheet substantially all the way be-
tween the third and fourth edges generally parallel
to said first horizontal rib, wherein said second hor-
izontal rib protrudes in the fourth direction opposite
said second direction, into the plane, wherein said
second horizontal rib intersects said second vertical
rib, wherein said first and second vertical ribs and
said first and second horizontal ribs form a boundary
that surrounds at least one generally planar region;
at least one stiffened corner, wherein said at least
one stiffened corner includes said plurality of con-
duits wherein adjacent ones of said plurality of con-
duits contact one another;
aligning the sheets so that they are in contact with
each other at contact locations; and
radio frequency (RF) welding the sheets together
from opposite sides of the bonded sheet pair, to form
a bonded sheet pair.

[0017] A method for condensing water utilizing a heat
exchange fill pack for use with a heat exchange appara-
tus having a first axis and a second axis, comprising:

passing an air stream to be cooled through a plurality
of first conduits, while concurrently passing a cooling
air stream through a plurality of second conduits, the
first and second conduits formed from a plurality of
heat exchange sheets, each sheet having first, sec-
ond, third and fourth edges along with first, second,
third and fourth corners, wherein each sheet gener-
ally lies in a plane that is generally parallel to the first
axis, each sheet further comprising:

a first vertical rib that extends in a first direction
generally parallel to the first axis along the sheet,
substantially all the way between the first and
second edges, wherein said first vertical rib pro-
trudes in a second direction out of the plane;
a second vertical rib that extends in the first di-
rection along the sheet, substantially all the way
between the first and second edges generally
parallel to said first vertical rib, wherein said sec-
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ond vertical rib protrudes in the second direction
out of the plane;
a first horizontal rib that extends in a third direc-
tion generally parallel to the second axis along
the sheet substantially all the way between the
third and fourth edges, wherein said first hori-
zontal rib protrudes in a fourth direction opposite
said second direction, into the plane, wherein
said first horizontal rib intersects said first verti-
cal rib;
a second horizontal rib that extends in the third
direction along the sheet substantially all the
way between the third and fourth edges gener-
ally parallel to said first horizontal rib, wherein
said second horizontal rib protrudes in the fourth
direction opposite said second direction, into the
plane, wherein said second horizontal rib inter-
sects said second vertical rib, wherein said first
and second vertical ribs and said first and sec-
ond horizontal ribs form a boundary that sur-
rounds at least one generally planar region; and

at least one stiffened corner, wherein said at least
one stiffened corner includes said plurality of first
and second conduits wherein adjacent ones of said
plurality of conduits contact one another; and
condensing water from the air stream to be cooled.

[0018] A method for condensing water utilizing a heat
exchange fill pack for use with a heat exchange appara-
tus having a first axis and a second axis, comprising:

passing an air stream to be cooled through a plurality
of first conduits, while concurrently passing a cooling
air stream through a plurality of second conduits, the
first and second conduits formed from a plurality of
heat exchange sheets, each sheet having first, sec-
ond, third and fourth edges along with first, second,
third and fourth corners, wherein each sheet gener-
ally lies in a plane that is generally parallel to the first
axis, each sheet further comprising:

a first vertical rib that extends in a first direction
generally parallel to the first axis along the sheet,
substantially all the way between the first and
second edges, wherein said first vertical rib pro-
trudes in a second direction out of the plane;
a second vertical rib that extends in the first di-
rection along the sheet, substantially all the way
between the first and second edges generally
parallel to said first vertical rib, wherein said sec-
ond vertical rib protrudes in the second direction
out of the plane;
a first horizontal rib that extends in a third direc-
tion generally parallel to the second axis along
the sheet substantially all the way between the
third and fourth edges, wherein said first hori-
zontal rib protrudes in a fourth direction opposite

said second direction, into the plane, wherein
said first horizontal rib intersects said first verti-
cal rib;
a second horizontal rib that extends in the third
direction along the sheet substantially all the
way between the third and fourth edges gener-
ally parallel to said first horizontal rib, wherein
said second horizontal rib protrudes in the fourth
direction opposite said second direction, into the
plane, wherein said second horizontal rib inter-
sects said second vertical rib, wherein said first
and second vertical ribs and said first and sec-
ond horizontal ribs form a boundary that sur-
rounds at least one generally planar region;

flowing an air stream over the sheet such that the
performance ribs provide heat exchange; and con-
densing water from the air stream to be cooled.

[0019] There has thus been outlined, rather broadly,
the more important features of the invention in order that
the detailed description thereof that follows may be better
understood, and in order that the present contribution to
the art may be better appreciated. There are, of course,
additional features of the invention that will be described
below and which will form the subject matter of the claims
appended hereto.
[0020] In this respect, before explaining at least one
embodiment of the invention in detail, it is to be under-
stood that the invention is not limited in its application to
the details of construction and to the arrangements of
the components set forth in the following description or
illustrated in the drawings. The invention is capable of
other embodiments and of being practiced and carried
out in various ways. Also, it is to be understood that the
phraseology and terminology employed herein, as well
as the abstract, are for the purpose of description and
should not be regarded as limiting.
[0021] As such, those skilled in the art will appreciate
that the conception upon which this disclosure is based
may readily be utilized as a basis for the designing of
other structures, methods and systems for carrying out
the several purposes of the present invention. It is im-
portant, therefore, that the claims define the present in-
vention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

FIG. 1 is a perspective view of a portion of a heat
exchange pack in accordance with an embodiment
of the invention.
FIG. 2 is a perspective view of the heat exchange
pack rotated in accordance with another embodi-
ment of the present invention.
FIG. 3 is a schematic representation of a labyrinth
seal in accordance with an embodiment of the
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present invention.
FIG. 4 is a schematic representation of a heat ex-
changer in accordance with an embodiment of the
present invention positioned in a cooling tower or the
like.
FIG. 5 is a plan view of a heat exchange sheet de-
picting the features of the sheet in accordance with
an embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS OF THE INVENTION

[0023] Referring now to the figures wherein like refer-
ence numerals indicate like elements, in FIGS. 1 and 2
a vapor condensing heat exchanger pack, generally des-
ignated 10, is illustrated in accordance with an embodi-
ment of the present invention. As depicted, the heat ex-
changer pack 10 is constructed from a plurality of indi-
vidual, thin heat exchange sheets, 12 and 14, respec-
tively, that are connected or bonded to together to form
the pack 10. The sheets 12, 14 may be made from various
materials however in one example, the sheets 12, 14 are
relatively thin synthetic resin material, for example, hav-
ing a textured surface which will be discussed in further
detail below. While two sheets 12, 14 are depicted for
ease of description, embodiments of the present inven-
tion may include heat exchange packs that employ or
use a plurality of individual heat exchange sheets. As
illustrated in FIGS. 1 and 2, the pack has a first flow path
16 through the pack 10, i.e. passageways between
sheets 12, 14, and a second flow path 18, over sheets
12 and under sheets 14. The aforementioned flow pro-
vides, and allows for two different airflow streams. In the
embodiment depicted, the two air flow streams enter the
heat exchanger pack at right angles to each other and
are kept separate from one another by the sheets 12, 14.
[0024] As depicted in FIG. 1, to prevent the two air
streams 16 and 18 from mixing during the heat exchange
process, a seal 20 is formed in the thin synthetic resin
sheets 12, 14 on a first edge. This seal is formed by the
edges 22 of the thin sheets 12, 14, on one edge of the
sheets 12, 14, wherein sheet 12 is depressed and sheet
14 is raised. The depressed and raised sheets, 12 and
14 respectively, meet in the center of the air passage-
ways 16, or in other words, is depressed or raised one-
half the width of the passageways 16. This edge seal 20
is parallel to the passageway 16 and therefore extends
along the length of the air passageway 16 along the edg-
es of entrance and exit of air passageways 18.
[0025] Similarly, another seal 21, opposite the seal 20
is formed by the raised edge of the thin sheet material
12 and the depressed edge of the thin sheet material 14,
on the edge perpendicular to the seal 20, that meet in
the center of the air passageway 18, or in other words,
is depressed or raised one half the width of the passage-
way 18. Whereas seal 20 is bonded, the edge seal 21 is
a compression fit. This edge seal 21 extends the length
of the air passageway 18 along the edges of the entrance

and exit to air passageway 16. Although not shown, the
other edge of mating thin sheet material 12 and thin sheet
material 14 parallel to seal 20 is similarly bonded. Thus,
the perpendicular passageways 16 and 18 are formed
within the heat exchanger pack 10.
[0026] As illustrated in the figures, one edge extends
positively off of the formed sheet and the other downward
or negatively. In this arrangement a single sheet compo-
nent can be used to form the basis of the entire heat
exchanger pack. This is accomplished when assembling
the pack by stacking the sheets 12, 14 on top of one
another and turning over every other sheet and locating
it on the previous sheet. Although only three passage-
ways are depicted, it should be readily recognized that
in use the heat exchanger pack will have many perpen-
dicular passageways and that any number of passage-
ways can be formed using the sheets 12, 14 as disclosed
herein.
[0027] To properly align sheets 12, 14 , locator knobs
or buttons 28, 30 are formed in the thin sheet material.
Buttons 28, 30 from mating sheets 12, 14 nest one inside
the other to correctly position sheets 12, 14.. In a pre-
ferred embodiment, the buttons 28 that extend positively
are conidial in shape having a flat top surface when
viewed in the direction of the air flow through passageway
18.
[0028] The width of each of the passageways for either
the cool air stream or the vapor laden air stream can be
varied according to the design conditions of the particular
task. Also, depending upon the orientation of the pack
10, the cool air passageway 18 and the vapor laden air
passageway 16 do not necessarily have to be of equal
widths.
[0029] As illustrated in FIGS. 1 and 2, the sheets 12,
14 include a first series of spaced apart, parallel ribs 40
that extend along the sheet 12,14, parallel to edge seals
21 and a second series of spaced apart, parallel ribs 42
that extend along the sheet 12, 14 parallel to seals 20.
As illustrated in the top sheet 12, the first series of ribs
40 projects out of a plane in which the sheets lie, or out
of the page of the drawing, as it extends along the sheet
12, 14 while the second series of ribs 42 project into the
plane, or into the page of the drawing, as it extends along
the sheets 12. As illustrated in FIGS. 1 and 2 each of the
ribs 40, 42 preferably have tapered end regions 44.
[0030] As illustrated, the individual sheets of the heat
exchanger packs 10 have a alternating configuration
wherein adjacent sheets 12, 14 mirror one another. For
example, the sheet 12 as illustrated in FIGS. 1 and 2 may
simply be flipped over to become a sheet 14, in which
case, the first series of ribs 40, which project out of the
page, now extend into the page while the second series
of ribs 42, which project into the page, now extend out
of the page.
[0031] As depicted in FIGS. 1 and 2, the ribs 40, 42
are substantially continuous as they extend along the
sheets 12, 14 in the horizontal and vertical directions,
except for periodic interruptions located where the re-
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spective ribs 40, 42 intersect one another. As illustrated
in the figures, the first series of ribs 40 and the second
serious of ribs 42 intersect one another at preferably a
90 degree angle to one another, however the ribs 40, 42
may intersect at angles more or less than 90 degrees if
desired. Furthermore, the ribs 40, 42 intersect one an-
other at an intersection point or saddle 46. As illustrated
in FIG. 2, the saddle 46 is a depression or dimple region
that is disposed on the first series of ribs 40, wherein the
saddle gradually projects a distance downward, into the
plane in which the sheets lie, and then gradually upward
out of the plane, to provide a round generally U-shaped
depression or geometry on the saddle 46.
[0032] As illustrated in FIGS. 1 and 2, the saddles 46
are located at nearly every point of intersection of the
ribs 40, 42. When a stack of sheets are assembled to
form a heat exchanger pack 10 for example, the saddles
46 can function as load bearing regions for the adjacent
individual sheets 12, 14 and for the heat exchanger pack
10 as a whole. The corner regions also assist and function
with load bearing which will be discussed in further detail
below. In the embodiments depicted, the saddles transfer
various loads the sheets 12, 14 and/or heat exchanger
pack 10 may experience during operation, by providing
a direct load path through the individual sheets 12, 14
and through the heat exchanger pack 10. The aforemen-
tioned orientation of the saddles and the resulting direct
load path, along with the corner geometry of the sheets
12, 14 provides strength and stability to the sheets 12,
14 and the heat exchanger pack 10. For example, in the
illustrated embodiment, the saddles are arranged in an
array which resists twisting of the pack, bending of the
pack, and also resists collapsing of the individual air
channels formed between the sheets of the pack. The
saddle 46 shape provides an intersection with stiffness
in the direction of both ribs. This permits effective load
transfer between rib segments in either direction.
[0033] As previously described, the first series of ribs
40 extends along the sheets 12, 14 parallel to seal 21
and second series of ribs 42 extends along the sheets
12,14 parallel to seal 20 and intersect one another at the
saddles 46. These intersections, provide a grid-like con-
figuration on the sheets 12, 14, having a plurality of gen-
erally planar sections 48 that are located within the "bor-
ders" of the ribs. As illustrated in FIGS. 1 and 2, the planar
sections 48 have a generally square configuration and
extend between ribs 40 and ribs 42. The planar sections
48 combine with the ribs 40 and 42 to provide adjacent
air flow paths or channels for the air streams to pass
directly through the heat exchanger pack 10. The afore-
mentioned flow channels also reduce the egress of air
from one channel to an adjacent channel and vice versa,
and provide single pathway for the air streams to flow
through the pack 10 once the streams enter the heat
exchanger pack 10.
[0034] The planar sections 48 are generally planar and
provide a flat surface in the channels through which the
air travels. The flat surface is interrupted by the ribs 40

and the ribs 42 that extend away from the plane, as pre-
viously described. As illustrated in FIGS. 1 and 2, while
some embodiments of the present invention include pla-
nar sections 48 having a generally smooth geometry, al-
ternative embodiments may include thermal perform-
ance enhancing ribs 50, for example. As depicted in
FIGS. 1 and 2, the ribs 50 protrude into the dry path,
preferably, to stir the air flow traversing along said path.
As illustrated the ribs 50 are oriented or positioned at an
angle to the air flow through the path. Preferably this an-
gle ranges between approximately 20 degrees to approx-
imately 90 degrees, and most preferably approximately
45 degrees. Also, the rib height may vary as a function
of the dry path width. For example, rib 50 height may be
0.3 to 0.05 times the width of the dry path opening, and
more preferably, 0.10 times the width height. Moreover,
center to center spacing of the ribs 50 on the paths may
vary from 5 to 20 times the rib height. Preferably, the
spacing is approximately 10 times the rib 50 height.
[0035] As depicted in the figures, the ribs 50 may ex-
tend from one or both faces of the dry path passages. In
embodiments utilizing ribs 50 on both faces, the ribs 50
on opposing faces may be parallel or at an angle to each
other. Furthermore, when said ribs 50 are oriented in a
parallel configuration, a stagger is desirable from one
face to the other so as not to block too much of the open-
ing at any given cross section. The rib’s geometry may
be triangular, square, rectilinear, oblong, etc. In one pre-
ferred embodiment, the shape is square. Long continu-
ous ribs as shown are preferable for water drainage.
However the ribs 50 may be divided in into a series of
smaller discrete ribs.
[0036] In one embodiment of the present invention,
preferred arrangement of the performance ribs 50 is to
be vertical when the pack 10 is installed in a diamond
configuration as a horizontal rib 50 orientation can cause
them to fill with liquid and cause increased pressure drop.
Accordingly, in the exemplary sheets 12 and sheets 14
depicted, each sheet differs from the other in that the ribs
50 are opposite hand so that the ribs 50 run or extend
vertically in the diamond pack orientation. The aforemen-
tioned preferred vertical orientation of the performance
ribs may, for example, be accomplished by utilizing sep-
arate unique vacuum molds to achieve the preferred ver-
tical orientation.
[0037] Referring now to FIGS. 1 and 2, each sheet 12,
14 of the heat exchanger pack 10 has a four corner re-
gions, each generally designated 52. The corner regions
52 each include a honeycomb, corrugated section or foot
54. As illustrated in FIG. 2, the corrugated section 54 is
preferably honeycomb in geometry and that provides a
stiff foot or base to support the gravity load and prevent
bending or flexing of sheets 12, 14 of the pack 10.
[0038] Since moisture is condensed in the wet path,
some condensate will run downward until it reaches the
seal and then will run downward along the seal until it
exits the tube. This seal must be water tight so as not to
drip condensate into the dry air path ducting. While con-
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ventional glues and solvent welds may be used to provide
the seals, in one embodiment said seals are preferably
provided via radio frequency (RF) welding of mating tube
halves. In one embodiment a RF welding machine may
be used having metallic bars roughly the width of a peak
and valley that will rest in the opposed peaks and valleys
while RF energy is supplied therethrough. As energy is
supplied to the bars, a thermal bond is formed at the
touching regions. RF welding of a sheet pair in this meth-
od will typically be accomplished then by having an as-
sembly of metal rods or bars that close on to the sheet
pair from both sides of the sheet pair.
[0039] Referring to FIGS. 2 and 3, the dry path seal is
clearly depicted, within the corners 52 having a labyrinth
geometry 56. Due to the labyrinth geometry, the com-
pression seal of one tube to the next creates a robust dry
air path seal. This seal requires no adhesive or weld. The
labyrinth seal provides a more tortuous path for leaking
air to traverse than a flat surface contact. The labyrinth
geometry creates a rib that stiffens the flat edge. The
aforementioned stiffened surface is more robust in main-
taining its shape when the sheets are pressed against
each other.
[0040] Referring now to FIG. 4, during operation, the
corner 52 allows the individual fill packs to easily engage
the support structure or frame assembly 60 of the cooling
tower within which the heat exchanger is employed. The
support structure or frame assembly 60 of the typically
include cross beams or supports having generally planar
surfaces upon with the individual heat exchanger packs
sit or rest. For example, the frame assembly 60 may in-
clude corner supports 62 for receiving the corners 52 so
that they are positioned in the tower in a preferred orien-
tation. The aforementioned corrugated configuration of
the corner 52, in combination with the corner supports
62 provides a stiff, support surface that easily rests on,
or engages, the planar surface of the cross beams or
supports of the cooling tower.
[0041] An alternative to or an addition to reinforcing
the bottom corner is to provide welded sockets 64 in the
in the sheets 12, 14 to permit insertion of supports (not
pictured). Said supports may be of any geometry how-
ever one preferred embodiment employs round stainless
steel pipe/tube supports. The aforementioned sockets
64 have been added and may be utilized should high
temperatures (121°F to 160°F) or less stiff material such
as polypropylene necessitate their use. Wire hangers,
generally designated 66, extend upward from the stain-
less steel support tubes and are suspended from framing
above the pack 10.
[0042] Referring now to FIG. 5, a plan view of one of
the sheets 12, 14, previously discussed in connection
with FIGS. 1-4, is depicted. As previously discussed, the
individual sheets have an alternating configuration
wherein they mirror on another.
[0043] As previously discussed, the sheet 100 com-
prises a first series of spaced apart ribs 42 that extend
along the sheet 12,14, parallel to edge seals 20 (not pic-

tured) and generally parallel to the vertical axis A. The
sheet also comprises a second series of ribs 40 that ex-
tend along the seal 21 (not pictured) generally parallel to
the horizontal axis B, and perpendicular to the vertical
axis A. As described in FIGS. 1-4, the first series of ribs
40 projects out of a plane in which the sheet 100 lies as
it extends along the sheet 100, while the second series
of ribs 42 project into the plane.
[0044] The sheet 100, as previously discussed has pla-
nar sections 48 are generally planar and provide a flat
surface in the channels through which the air travels. The
flat surface is interrupted by the ribs 40 and the ribs 42
that extend away from the plane, as previously described.
As illustrated, these sections may include thermal per-
formance enhancing ribs 50, for example. The ribs 50
protrude into the dry path, preferably, to stir the air flow
traversing along said path. As illustrated the ribs 50 are
oriented or positioned at an angle to the air flow through
the path. Preferably this angle ranges between approx-
imately 20 degrees to approximately 90 degrees, and
most preferably approximately 45 degrees. During oper-
ation, the sheet 100 is rotated approximately forty-five
degrees as part to a fill pack, and thus the ribs 50 extend
generally parallel to the vertical axis A.
[0045] As previously discussed the ribs 50 on both fac-
es, the ribs 50 on opposing faces may be parallel or at
an angle to each other. Furthermore, when said ribs 50
are oriented in a parallel configuration, a stagger is de-
sirable from one face to the other so as not to block too
much of the opening at any given cross section. The rib’s
geometry may be triangular, square, rectilinear, oblong,
etc. In one preferred embodiment, the shape is square.
Long continuous ribs as shown are preferable for water
drainage.
[0046] Also as previously discussed, the sheet 100 has
four corner regions, each generally designated 52. The
corner regions 52 each have a geometry such that when
combined, the sheets provide a honeycomb, corrugated
section or foot (not pictured) as described above.
[0047] The many features and advantages of the in-
vention are apparent from the detailed specification, and
thus, it is intended by the appended claims to cover all
such features and advantages of the invention which fall
within the true spirits and scope of the invention. Further,
since numerous modifications and variations will readily
occur to those skilled in the art, it is not desired to limit
the invention to the exact construction and operation il-
lustrated and described, and accordingly, all suitable
modifications and equivalents may be resorted to, falling
within the scope of the claims.

Claims

1. A fill pack (10) for use with a heat exchange appa-
ratus having a first axis (A) and a second axis (B),
comprising:
a plurality of sheets (12, 14), each sheet having first,
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second, third and fourth edges (22), wherein each
sheet (12, 14) generally lies in a plane that is gen-
erally parallel to the first axis (A) and said plurality
of sheets (12, 14) combine to form a plurality of first
conduits (16) and a plurality of second conduits (18),
each sheet (12, 14) further comprising:

a first vertical rib (42) that extends in a first di-
rection generally parallel to the first axis (A)
along the sheet (12, 14), substantially all the way
between the first and second edges (22), where-
in said first vertical rib (42) protrudes in a second
direction out of the plane;
a second vertical rib (42) that extends in the first
direction along the sheet (12, 14), substantially
all the way between the first and second edges
(22) generally parallel to said first vertical rib
(42), wherein said second vertical rib (42) pro-
trudes in the second direction out of the plane;
a first horizontal rib (40) that extends in a third
direction generally parallel to the second axis
(B) along the sheet substantially all the way be-
tween the third and fourth edges (22), wherein
said first horizontal rib (40) protrudes in a fourth
direction opposite said second direction, into the
plane, wherein said first horizontal rib (40) inter-
sects said first vertical rib (42);
a second horizontal rib (40) that extends in the
third direction along the sheet (12, 14) substan-
tially all the way between the third and fourth
edges (22) generally parallel to said first hori-
zontal rib (40), wherein said second horizontal
rib (40) protrudes in the fourth direction opposite
said second direction, into the plane, wherein
said second horizontal rib (40) intersects said
second vertical rib (42), wherein said first and
second vertical ribs (42) and said first and sec-
ond horizontal ribs (40) form a boundary that
surrounds at least one generally planar region
(48);
at least one stiffened corner (52), wherein said
at least one stiffened corner (52, 54) includes
said plurality of first and second conduits (16,
18) wherein adjacent ones of said plurality of
conduits (16, 18) contact one another and
wherein said first edge (22) and said third edge
(22) are load bearing at said at least one stiff-
ened corner (52); wherein said adjacent con-
duits (16, 18) that contact one another combine
to form a honeycomb geometry (54);
wherein said honeycomb geometry (54) of each
stiffened corner (52) of each sheet (12, 14) is
positioned so that the honeycomb geometries
(54) of adjacent sheets (12, 14) contact each
other along a full face of adjacent honeycomb
cells;
characterized in that adjacent sheets (12, 14)
mirror one another.

2. The fill pack (10) according to claim 1, further com-
prising a saddle region (46) located at each of the
intersections between said first vertical and horizon-
tal ribs and said second vertical and horizontal ribs.

3. The fill pack according to claim 1, wherein said at
least one generally planar region (48) further com-
prises performance ribs (50) disposed thereon at an
angle to the first axis (A).

4. The fill pack according to claim 3, wherein said angle
is equal to approximately 20 degrees to approxi-
mately 90 degrees.

5. The fill pack according to claim 4, wherein said angle
is equal to approximately 45 degrees.

6. The fill pack according to claim 1, wherein said first
horizontal rib and said second horizontal rib each
comprise:

a first wall having a top region, a middle region
and a lower region;
a second wall having a top region, a middle re-
gion and a lower region; and
a base that extends between said first wall and
said second wall.

7. The fill pack according to claim 1, wherein said sheet
is made of polyvinyl chloride (PVC).

8. The fill pack according to claim 1 comprising a seal
(20, 21) connecting said first and said second sheets
wherein said seal comprises a series of peaks that
extend in a first direction away out of the plane, and
a series of valleys that extend a second direction
opposite said first direction, into the plane, to form a
labyrinth geometry.

9. The fill pack according to claim 8, wherein said at
least one stiffened corner (52) includes the plurality
of conduits (16, 18) wherein adjacent ones of said
plurality of conduits contact one another.

10. The fill pack according to claim 8, each further com-
prising a saddle region (46) located at each of the
intersections between said first vertical and horizon-
tal ribs and said second vertical and horizontal ribs.

11. The fill pack according to claim 9, wherein adjacent
conduits that contact one another combine to form
a honeycomb geometry (54).

12. The fill pack according to claim 8, wherein said at
least one generally planar region (48) further com-
prises performance ribs (50) disposed thereon at an
angle to the first axis (A).
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13. The fill pack according to claim 12, wherein said an-
gle is equal to approximately 20 degrees to approx-
imately 90 degrees.

Patentansprüche

1. Füllpackung (10) zur Verwendung mit einer Wärme-
austauschvorrichtung mit einer ersten Achse (A) und
einer zweiten Achse (B), die Folgendes umfasst:
mehrere Platten (12, 14), wobei jede Platte einen
ersten, zweiten, dritten und vierten Rand (22) hat,
wobei jede Platte (12, 14) allgemein in einer Ebene
liegt, die allgemein parallel zur ersten Achse (A) ist,
und die mehreren Platten (12, 14) miteinander kom-
binieren um mehrere erste Kanäle (16) und mehrere
zweite Kanäle (18) zu bilden, wobei jede Platte (12,
14) ferner Folgendes umfasst:

eine erste vertikale Rippe (42), die sich in einer
ersten Richtung allgemein parallel zur ersten
Achse (A) entlang der Platte (12, 14) im Wesent-
lichen vollständig zwischen dem ersten und
zweiten Rand (22) erstreckt, wobei die erste ver-
tikale Rippe (42) in einer zweiten Richtung aus
der Ebene vorsteht;
eine zweite vertikale Rippe (42), die sich in der
ersten Richtung entlang der Platte (12, 14) im
Wesentlichen vollständig zwischen dem ersten
und zweiten Rand (22) allgemein parallel zu der
ersten vertikalen Rippe (42) erstreckt, wobei die
zweite vertikale Rippe (42) in der zweiten Rich-
tung aus der Ebene vorsteht;
eine erste horizontale Rippe (40), die sich in ei-
ner dritten Richtung allgemein parallel zur zwei-
ten Achse (B) entlang der Platte im Wesentli-
chen vollständig zwischen dem dritten und vier-
ten Rand (22) erstreckt, wobei die erste horizon-
tale Rippe (40) in einer vierten Richtung entge-
gengesetzt zur zweiten Richtung in die Ebene
vorsteht, wobei die erste horizontale Rippe (40)
die erste vertikale Rippe (42) schneidet;
eine zweite horizontale Rippe (40), die sich in
der dritten Richtung entlang der Platte (12, 14)
im Wesentlichen vollständig zwischen dem drit-
ten und vierten Rand (22) allgemein parallel zu
der ersten horizontalen Rippe (40) erstreckt, wo-
bei die zweite horizontale Rippe (40) in der vier-
ten Richtung entgegengesetzt zur zweiten Rich-
tung in die Ebene vorsteht, wobei die zweite ho-
rizontale Rippe (40) die zweite vertikale Rippe
(42) schneidet, wobei die erste und die zweite
vertikale Rippe (42) sowie die erste und die
zweite horizontale Rippe (40) eine Begrenzung
bilden, die wenigstens eine allgemein planare
Region (48) umgibt;
wenigstens eine versteifte Ecke (52), wobei die
wenigstens eine versteifte Ecke (52, 54) die

mehreren ersten und zweiten Kanäle (16, 18)
beinhaltet, wobei benachbarte der mehreren
Kanäle (16, 18) einander kontaktieren und wo-
bei der erste Rand (22) und der dritte Rand (22)
an der wenigstens einen versteiften Ecke (52)
lasttragend sind; wobei die einander kontaktie-
renden benachbarten Kanäle (16, 18) miteinan-
der kombinieren um eine Honigwabengeomet-
rie (54) zu bilden; wobei die Honigwabengeo-
metrie (54) jeder versteiften Ecke (52) jeder Plat-
te (12, 14) so positioniert ist, dass die Honigwa-
bengeometrien (54) benachbarter Platten (12,
14) einander entlang einer vollen Fläche von be-
nachbarten Honigwabenzellen kontaktieren;
dadurch gekennzeichnet, dass benachbarte
Platten (12, 14) sich gegenseitig spiegeln.

2. Füllpackung (10) nach Anspruch 1, die ferner eine
Sattelregion (46) umfasst, die sich an jedem der
Schnittpunkte zwischen der ersten vertikalen und
horizontalen Rippe und der zweiten vertikalen und
horizontalen Rippe befindet.

3. Füllpackung nach Anspruch 1, wobei die wenigstens
eine allgemein planare Region (48) ferner Leistungs-
rippen (50) umfasst, die in einem Winkel zur ersten
Achse (A) darauf angeordnet sind.

4. Füllpackung nach Anspruch 3, wobei der Winkel
gleich etwa 20 Grad bis etwa 90 Grad ist.

5. Füllpackung nach Anspruch 4, wobei der Winkel
gleich etwa 45 Grad ist.

6. Füllpackung nach Anspruch 1, wobei die erste hori-
zontale Rippe und die zweite horizontale Rippe je-
weils Folgendes umfassen:

eine erste Wand mit einer oberen Region, einer
mittleren Region und einer unteren Region;
eine zweite Wand mit einer oberen Region, einer
mittleren Region und einer unteren Region; und
eine Basis, die sich zwischen der ersten Wand
und der zweiten Wand erstreckt.

7. Füllpackung nach Anspruch 1, wobei die Platte aus
Polyvinylchlorid (PVC) besteht.

8. Füllpackung nach Anspruch 1, die eine Dichtung (20,
21) umfasst, die die erste und die zweite Platte ver-
bindet, wobei die Dichtung eine Serie von Höhen,
die sich in einer ersten Richtung weg aus der Ebene
erstrecken, und eine Serie von Tälern aufweist, die
sich in einer zweiten Richtung entgegengesetzt zur
ersten Richtung in die Ebene erstrecken, um eine
Labyrinthgeometrie zu bilden.

9. Füllpackung nach Anspruch 8, wobei die wenigstens
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eine versteifte Ecke (52) mehrere Kanäle (16, 18)
beinhaltet, wobei benachbarte der mehreren Kanäle
einander kontaktieren.

10. Füllpackung nach Anspruch 8, die jeweils ferner eine
Sattelregion (46) umfassen, die sich an jedem der
Schnittpunkte zwischen der ersten vertikalen und
horizontalen Rippe und der zweiten vertikalen und
horizontalen Rippe befindet.

11. Füllpackung nach Anspruch 9, wobei benachbarte
Kanäle, die einander kontaktieren, miteinander kom-
binieren um eine Honigwabengeometrie (54) zu bil-
den.

12. Füllpackung nach Anspruch 8, wobei die wenigstens
eine allgemein planare Region (48) Leistungsrippen
(50) umfasst, die in einem Winkel zur ersten Achse
(A) darauf angeordnet sind.

13. Füllpackung nach Anspruch 12, wobei der Winkel
gleich etwa 20 Grad bis etwa 90 Grad ist.

Revendications

1. Corps de remplissage (10) destiné à être utilisé avec
un appareil d’échange de chaleur ayant un premier
axe (A) et un second axe (B), comprenant :
une pluralité de feuilles (12, 14), chaque feuille ayant
des premier, deuxième, troisième et quatrième
bords (22), dans lequel chaque feuille (12, 14) est
généralement dans un plan qui est généralement
parallèle au premier axe (A) et ladite pluralité de
feuilles (12, 14) se combinent afin de former une
pluralité de premiers conduits (16) et une pluralité
de seconds conduits (18), chaque feuille (12, 14)
comprenant en outre :

une première nervure verticale (42) qui s’étend
dans une première direction généralement pa-
rallèle au premier axe (A) le long de la feuille
(12, 14), sensiblement tout le long entre les pre-
mier et deuxième bords (22), dans lequel ladite
première nervure verticale (42) fait saillie dans
une deuxième direction hors du plan ;
une seconde nervure verticale (42) qui s’étend
dans la première direction le long de la feuille
(12, 14), sensiblement tout le long entre les pre-
mier et deuxième bords (22) généralement pa-
rallèlement à ladite première nervure verticale
(42), dans lequel ladite seconde nervure verti-
cale (42) fait saillie dans la deuxième direction
hors du plan ;
une première nervure horizontale (40) qui
s’étend dans une troisième direction générale-
ment parallèlement au second axe (B) le long
de la feuille sensiblement tout le long entre les

troisième et quatrième bords (22), dans lequel
ladite première nervure horizontale (40) fait
saillie dans une quatrième direction opposée à
ladite deuxième direction, dans le plan, dans le-
quel ladite première nervure horizontale (40)
coupe ladite première nervure verticale (42) ;
une seconde nervure horizontale (40) qui
s’étend dans la troisième direction le long de la
feuille (12, 14) sensiblement tout le long entre
les troisième et quatrième bords (22) générale-
ment parallèlement à ladite première nervure
horizontale (40), dans lequel ladite seconde ner-
vure horizontale (40) fait saillie dans la quatriè-
me direction opposée à ladite deuxième direc-
tion, dans le plan, dans lequel ladite seconde
nervure horizontale (40) coupe ladite seconde
nervure verticale (42), dans lequel lesdites pre-
mière et seconde nervures verticales (42) et les-
dites première et seconde nervures horizontales
(40) forment une limite qui entoure au moins une
région généralement planaire (48) ;
au moins un coin renforcé (52), dans lequel ledit
au moins un coin renforcé (52, 54) comprend
ladite pluralité de premier et second conduits
(16, 18), dans lequel les conduits adjacents de
ladite pluralité de conduits (16, 18) sont en con-
tact entre eux et dans lequel ledit premier bord
(22) et ledit troisième bord (22) supportent la
charge au niveau dudit au moins un coin renfor-
cé (52) ; dans lequel lesdits conduits (16, 18)
adjacents qui sont en contact entre eux, se com-
binent afin de former une géométrie en nid
d’abeilles (54) ; dans lequel ladite géométrie en
nid d’abeilles (54) de chaque coin renforcé (52)
de chaque feuille (12, 14) est positionnée de sor-
te que les géométries en nid d’abeilles (54) des
feuilles (12, 14) adjacentes sont en contact entre
elles le long d’une face complète des alvéoles
en nid d’abeilles adjacentes ;
caractérisé en ce que les feuilles (12, 14) ad-
jacentes constituent une image miroir de l’autre.

2. Corps de remplissage (10) selon la revendication 1,
comprenant en outre une région de selle (46) posi-
tionnée au niveau de chacune des intersections en-
tre lesdites premières nervures verticales et horizon-
tales et lesdites secondes nervures verticales et ho-
rizontales.

3. Corps de remplissage selon la revendication 1, dans
lequel ladite au moins une région généralement pla-
naire (48) comprend en outre des nervures de per-
formance (50) disposées sur cette dernière à un an-
gle par rapport au premier axe (A).

4. Corps de remplissage selon la revendication 3, dans
lequel ledit angle est égal approximativement à 20
degrés jusqu’à approximativement 90 degrés.
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5. Corps de remplissage selon la revendication 4, dans
lequel ledit angle est égal approximativement à 45
degrés.

6. Corps de remplissage selon la revendication 1, dans
lequel ladite première nervure horizontale et ladite
seconde nervure horizontale comprennent
chacune :

une première paroi ayant une région supérieure,
une région centrale et une région inférieure ;
une seconde paroi ayant une région supérieure,
une région centrale et une région inférieure ; et
une base qui s’étend entre ladite première paroi
et ladite seconde paroi.

7. Corps de remplissage selon la revendication 1, dans
lequel ladite feuille est réalisée à partir de polychlo-
rure de vinyle (PVC).

8. Corps de remplissage selon la revendication 1, com-
prenant un joint d’étanchéité (20, 21) raccordant les-
dites premières et lesdites secondes feuilles, dans
lequel ledit joint d’étanchéité comprend une série de
pics qui s’étendent dans une première direction hors
du plan, et une série de creux qui s’étendent dans
une seconde direction opposée à ladite première di-
rection, dans le plan, afin de former une géométrie
de labyrinthe.

9. Corps de remplissage selon la revendication 8, dans
lequel ledit au moins un coin renforcé (52) comprend
une pluralité de conduits (16, 18), dans lequel les
conduits adjacents de ladite pluralité de conduits
sont en contact entre eux.

10. Corps de remplissage selon la revendication 8, com-
prenant chacun en outre une région de selle (46)
positionnée à chacune des intersections entre les-
dites premières nervures verticales et horizontales
et lesdites secondes nervures verticales et horizon-
tales.

11. Corps de remplissage selon la revendication 9, dans
lequel les conduits adjacents qui sont en contact en-
tre eux, se combinent afin de former une géométrie
en nid d’abeilles (54).

12. Corps de remplissage selon la revendication 8, dans
lequel ladite au moins une région généralement pla-
naire (48) comprend en outre des nervures de per-
formance (50) disposées sur cette dernière à un an-
gle par rapport au premier axe (A).

13. Corps de remplissage selon la revendication 12,
dans lequel ledit angle est égal approximativement
à 20 degrés jusqu’à approximativement 90 degrés.
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