
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

42
6 

45
3

A
1

��&��
�
�������
(11) EP 2 426 453 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
07.03.2012 Bulletin 2012/10

(21) Application number: 09843988.8

(22) Date of filing: 28.04.2009

(51) Int Cl.:
F28F 3/08 (2006.01) F28D 9/00 (2006.01)

F28F 3/00 (2006.01) F28F 21/00 (2006.01)

(86) International application number: 
PCT/JP2009/058362

(87) International publication number: 
WO 2010/125644 (04.11.2010 Gazette 2010/44)

(84) Designated Contracting States: 
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 SE SI SK TR

(71) Applicant: Mitsubishi Electric Corporation
Tokyo 100-8310 (JP)

(72) Inventors:  
• TAKADA, Masaru

Tokyo 100-8310 (JP)
• SOTOKAWA, Hajime

Tokyo 100-8310 (JP)
• ARAI, Hidemoto

Tokyo 100-8310 (JP)

• DOI, Akira
Tokyo 100-8310 (JP)

• IMAI, Takanori
Tokyo 100-8310 (JP)

• KAGA, Kunihiko
Tokyo 100-8310 (JP)

• SHINOZAKI, Masaru
Tokyo 100-8310 (JP)

(74) Representative: Pfenning, Meinig & Partner GbR
Patent- und Rechtsanwälte 
Theresienhöhe 13
80339 München (DE)

(54) TOTAL HEAT EXCHANGE ELEMENT

(57) A total heat exchange element (101) includes a
first flow passage and a second flow passage extending
orthogonal thereto. A first fluid and a second fluid are
caused to flow through the first and the second flow pas-
sages so that sensible heat as well as latent heat are
exchanged between the two fluids. The first flow passage
is an undulating flow passage (31) that has a rectangular
cross section and is formed by positioning a first wave-
form plate member (11) shaped in the form of a wave
undulating in the layer stacking direction toward the
traveling direction of the fluid and a second wave-form
plate member (12) shaped substantially in the same form
of a wave as the first wave-form plate member (11), on
top of each other and with a predetermined interval ther-
ebetween, and further causing spacers (14) to hermeti-
cally close two lateral portions with respect to the
traveling direction of the fluid. The second flow passage
is a straight flow passage (32) that has a substantially
triangular cross section and is formed between a flat-
plate-like member (13) and one of the first and the second
wave-form plate members (11, 12), when the flat-plate-
like member (13) is positioned on the wave-like form of
the one of the first and the second wave-form plate mem-
bers (11, 12) so as to be in close contact therewith.
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Description

Field

[0001] The present invention relates to a total heat exchange element in which a first fluid and a second fluid (e.g.,
air) are respectively caused to flow through a first flow passage and a second flow passage that are formed between
plate members stacked in the manner of layers so as to extend in directions intersecting each other, so that a total heat
exchange process is performed between the two fluids.

Background

[0002] Conventionally, popularly-used total heat exchange elements such as the one described above are provided
with partition members that separate the two fluids from each other and spacers that keep the partition members at an
interval therebetween, as disclosed in, for example, Patent Literature 1. The partition members have moisture permeability
so that a heat exchange process is performed on sensible heat (temperature) and latent heat (humidity) at the same
time between the two fluids while using the partition members as a medium. Because an object of such total heat
exchange elements is to cause the fluids to perform a total heat exchange process, it is more desirable if the amount of
heat exchanged in the element is larger. Total heat exchange elements are more effective than commonly-used heat
exchangers (that exchange only sensible heat), because the amount of heat exchanged thereby is larger by an amount
corresponding to the exchanged latent heat.
[0003] There are two types of total heat exchange elements such as cross-flow type and counter-flow type. The
theoretical amount of exchanged heat per unit volume of the cross-flow type is smaller than that of the counter-flow type;
however, the cross-flow type has advantages where, for example, the actual volume to be assembled into an apparatus
is smaller, and also, the processing of the element itself is also easier, because the cross-flow type does not require a
header (i.e., the part that divides the two fluids used for the total heat exchange process and that introduces the divided
fluids into the total heat exchange element flow passages), which is structurally indispensable in the counter-flow type.
[0004] Ideas for how to increase the amount of exchanged heat in a cross-flow type total heat exchange element
include a conventional example in which spacers are shaped in the form of corrugated fins so as to make the spacers
function as fins and to thereby increase the amount of exchanged heat, as disclosed in, for instance, Patent Literature
2 as a conventional example. To improve the performance thereof, however, the areas of the fins provided in the flow
passages need to be enlarged by modifying bending of the fins, as described in, for example, Patent Literature 2. In that
situation, because the flow passages are narrowed by the volume of the fins themselves, pressure losses that are caused
when the fluids pass therethrough become larger. Also, although the fins have an advantageous effect in the exchange
of the sensible heat, the fins have no advantageous effect in the exchange of the latent heat. In fact, because the fins
and the partition members are in contact with each other, the areas used for exchanging the latent heat are smaller. As
a result, as for total heat exchange elements, improvements on the amount of exchanged heat that are especially realized
by using fins are reaching a limit.
[0005] To cope with this situation, as described in Patent Literature 3, 4, and 5, some other ideas for the shapes of
the elements that are able to increase the amounts of exchanged heat have been proposed where, for example, heat
transfer coefficients of the surfaces of the partition members are improved for the purpose of increasing the amount of
exchanged heat, by providing projections or the like that are able to alter the flows, instead of providing the fins.
[0006] Further, as disclosed in Patent Literature 6, 7, and 8, some other ideas have been proposed where the heat
transfer area size per unit volume is increased for the purpose of increasing the amount of exchanged heat, by modifying
the shapes of the flow passages.

Citation List

Patent Literature

[0007]

Patent Literature 1: Japanese Patent Application Laid-open No. H4-24492
Patent Literature 2: Japanese Utility Model Application Laid-open No. H1-178471
Patent Literature 3: Japanese Utility Model Application Laid-open No. H3-21670
Patent Literature 4: Japanese Patent No. 3805665
Patent Literature 5: Japanese Patent Application Laid-open No. 2008-232592
Patent Literature 6: Japanese Utility Model Application Laid-open No. S58-165476
Patent Literature 7: Japanese Patent No. 3546574
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Patent Literature 8: Japanese Utility Model Application Laid-open No. H5-52567

Summary

Technical Problem

[0008] As for the improvements on the heat transfer coefficients of the surfaces of the partition members, however,
in many situations, especially in ventilation-purpose total heat exchange elements, the diameters of pipes are small in
relation to the flow rates of the fluids so that the flows are in a laminar-flow state where the Reynolds number thereof is
smaller (approximately 100 to 1000) than those in other types of heat exchangers. Further, in those regions, the advan-
tageous effect of the improvements on the heat transfer coefficients realized by altering the flows of the fluids themselves
is small. For this reason, instead of improving the amount of transferred heat, fins and projections can rather be a cause
of a problem where the pressure losses become larger, especially in the regions having a smaller Reynolds number.
Having a larger pressure loss is not desirable because the energy consumption of a power device used for forwarding
the fluids to the total heat exchange element becomes larger.
[0009] Consequently, it is desirable to adopt, as an alternative, other methods that are able to increase the heat transfer
area size per unit volume. However, even if a method that is able to increase the heat transfer area size is used,
conventional examples have a problem that can be explained as follows: FIG. 8 is a schematic cross-sectional view for
explaining a manner in which dead water regions occur in a flow passage. In conventional examples, there are situations
where, when projections and recesses are formed in flow passages with an intention to increase the heat transfer area
size, dead water regions (i.e., where the flows do not travel along the surfaces of the partition members and thus become
stagnant) D0 occur in the recessed regions. In such situations, even if the heat transfer area size is seemingly increased,
the heat transfer area size is, on the contrary, smaller in actuality.
[0010] Speaking of another aspect, in the field of designing apparatuses into which total heat exchange elements are
assembled, there has been a demand in recent years for total heat exchange elements of which it is possible to freely
determine the outside-diameter without any restrictions, so that it is possible to address various technical issues. To
meet this demand, methods have been disclosed, for example, in Patent Literature 4 and 5 where a material is pressed
into pieces having an identical shape so that the pieces can be stacked in the manner of layers. According to these
methods, however, when it becomes necessary to change the exterior dimension of the total heat exchange elements,
it is difficult to address the situation because it is necessary to re-manufacture the pressing mold.
[0011] Further, in other examples of the endeavor to increase the heat transfer area size per unit volume as disclosed
in Patent Literature 6, 7, and 8 listed above, because the shapes of the flow passages through which the two types of
fluids respectively flow are totally different from each other, the pressure losses are largely different from each other
even if the flow rates of the fluids are equal. In that situation, when the element is designed to perform a heat exchange
process by using mutually the same type of fluids having mutually different temperatures, such as a total heat exchange
element to be used in a ventilation-purpose heat exchanger, the two fluids are caused to flow at a substantially equal
flow rate in many examples. Thus, when designing the apparatus into which the element is to be assembled, it becomes
necessary to configure, for example, the specifications of the power devices for the fluids flowing in the two flow passages
so as to be different from each other, and the designing process can thus be more complicated. For this reason, it is
desirable to arrange the pressure losses in the flow passages for the two fluids used for the heat exchange process so
as to be as close as possible to each other. In addition, it is desirable if the flow passages have mutually the same shape
or similar shapes.
[0012] In view of the circumstances described above, it is an object of the present invention to obtain a total heat
exchange element that has a larger heat transfer area size per unit volume without using fins, projections, or the like
that can cause obstructions in the flows and without occurrence of dead water regions, and further, the flow passages
provided therein are in mutually the same shape and have mutually the same level of pressure loss, the flow passages
extending in the two intersecting directions and being configured so that the two fluids performing the heat exchange
process on the sensible heat (i.e., the temperature) and the latent heat (i.e., the humidity) flow therethrough. Also, it is
another object of the present invention to obtain a total heat exchange element of which, in addition to the characteristics
mentioned above, it is easy to change the exterior dimension.

Solution to Problem

[0013] In order to solve the aforementioned problems and attain the aforementioned object, a total heat exchange
element according to one aspect of the present invention is constructed in such a manner that a first fluid and a second
fluid are respectively caused to flow through a first flow passage and a second flow passage that are formed between
plate members stacked in a manner of layers so as to extend in directions intersecting each other, so that sensible heat
as well as latent heat are exchanged between the first fluid and the second fluid, wherein the first flow passage is an
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undulating flow passage that has a rectangular cross section and is formed by positioning a first wave-form plate member
that has moisture permeability and is shaped in a form of a wave undulating in a layer stacking direction toward a traveling
direction of the fluid and a second wave-form plate member that has moisture permeability and is shaped in a form of
a wave undulating substantially in a same cycle as the first wave-form plate member, on top of each other and with a
predetermined interval therebetween, and further causing hermetically-closing members to hermetically close two lateral
portions with respect to the traveling direction of the fluid, and the second flow passage is a straight flow passage that
has a substantially triangular cross section and is formed between a flat-plate-like member having moisture permeability
and one of the first and the second wave-form plate members, when the flat-plate-like member is positioned on a wave-
like surface of the one of the first and the second wave-form plate members so as to be in close contact therewith.

Advantageous Effects of Invention

[0014] In the total heat exchange element according to an aspect of the present invention, the two surfaces of almost
all the areas of the plate members being used have the mutually different fluids flow thereon, and also, the flow passages
each have a shape that makes it difficult for dead water regions to occur. As a result, substantially the entirety functions
as an effective heat transfer area. Consequently, the heat transfer area size per unit volume is larger, and also, the
amount of exchanged heat in the element is larger. Further, in the situation where it is acceptable to keep the amount
of exchanged heat equal to that in the conventional example, it is possible to make, conversely, the volume of the element
smaller. Thus, it is also possible to contribute to endeavors of saving resources. Further, because the first wave-form
plate member, the second wave-form plate member, and the flat-plate-like member are configured by using the material
having moisture permeability, it is possible to exchange not only the sensible heat but also the latent heat. Thus, an
advantageous effect is achieved where it is possible to increase the amount of exchanged heat in the total heat exchange
process.

Brief Description of Drawings

[0015]

FIG. 1 is a perspective view of a total heat exchange element according to a first embodiment of the present invention.
FIG. 2 is a perspective view for explaining directions of fluids flowing through flow passages formed in unit structuring
members positioned in mutually different layers.
FIG. 3 is a schematic drawing of an example in which an undulating flow passage has many dead water regions
when the height of the flow passage is too high.
FIG. 4 is a schematic drawing of an example in which the flow passage has many dead water regions when a wave-
form plate member is folded at apexes.
FIG. 5 is a schematic drawing of an example in which the flow passage has no dead water region when a wave-
form plate member is curved at the apexes with an appropriate curvature.
FIG. 6 is a perspective view of a total heat exchange element according to a second embodiment of the present
invention.
FIG. 7 is a perspective view of a total heat exchange element according to a third embodiment of the present invention.
FIG. 8 is a schematic drawing of flows for explaining an example in which the flows are not traveling along a wave-
form wall surface.
FIG. 9 is a perspective view of a conventional total heat exchange element used for a comparison.

Reference Signs List

[0016]

11 FIRST WAVE-FORM PLATE MEMBER
12 SECOND WAVE-FORM PLATE MEMBER
13 FLAT-PLATE-LIKE MEMBER
14 SPACER
20 UNIT STRUCTURING MEMBER
24, 24a, 24b PARTITION WALL
31 UNDULATING FLOW PASSAGE (i.e., FIRST FLOW PASSAGE)
32 STRAIGHT FLOW PASSAGE (i.e., SECOND FLOW PASSAGE)
101, 102, 103 TOTAL HEAT EXCHANGE ELEMENT
A FIRST FLUID
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B SECOND FLUID
DO, D1, D2 DEAD WATER REGION

Description of Embodiments

[0017] In the following sections, exemplary embodiments of a total heat exchange element according to the present
invention will be explained in detail, with reference to the accompanying drawings. The present invention is not limited
by the exemplary embodiments.

First Embodiment

[0018] FIG. 1 is a perspective view of a total heat exchange element according to a first embodiment of the present
invention. To explain the embodiments clearly, the directions are supplementarily described while using the coordinate
axes shown in the drawings; however, the present invention is not limited to this example. A total heat exchange element
101 according to the first embodiment is configured so that a plurality of unit structuring members 20 each of which has
flow passages formed therein are stacked in the manner of layers while being turned by 90 degrees for each of the
layers. Each of the unit structuring members 20 is configured with two wave-form plate members (i.e., a first wave-form
plate member 11 and a second wave-form plate member 12) that are each shaped in the form of a wave and has moisture
permeability and one flat-plate-like member 13 that has moisture permeability. The total heat exchange element 101 is
obtained by stacking, in the manner of layers, the plurality of unit structuring members 20 each of which is made up of
the three plate members described above and further adding another flat-plate-like member 13 to an end in the layer
stacking direction.
[0019] First, an exemplary configuration will be explained while a focus is placed on the unit structuring member 20
positioned on the uppermost layer in FIG. 1. The first wave-form plate member 11 and the second wave-form plate
member 12 are each substantially square and are shaped in the form of waves undulating in mutually the same cycle,
by being folded in the thickness direction thereof (i.e., in the layer stacking direction, which is the Z-axis direction) from
one side to the opposite side of the square (i.e., toward the direction of the Y-axis), so as to have a zigzag configuration
in a cross-section thereof and so as to be generally in the form of the wave. The first wave-form plate member 11 and
the second wave-form plate member 12 that are shaped as described above are positioned while being apart from each
other by a predetermined distance (i.e., a height of the flow passage) in the layer stacking direction (i.e., the Z-axis
direction). The first wave-form plate member 11 and the second wave-form plate member 12 are each processed into
a size that matches the flat-plate-like member 13, when being projected onto a flat plane.
[0020] Interposed between the first wave-form plate member 11 and the second wave-form plate member 12 at both
ends of the flow passages with respect to the width direction (i.e., both ends with respect to the X-axis direction) are
spacers 14 each of which meanders in a zigzag configuration so as to fit the wave-like form, for the purpose of keeping
the distance between the first wave-form plate member 11 and the second wave-form plate member 12 and for the
purpose of hermetically closing both ends of the space between the first wave-form plate member 11 and the second
wave-form plate member 12. Each of the spacers 14 is hermetically fixed to the first wave-form plate member 11 and
the second wave-form plate member 12 so that the flowing fluid (i.e., air in the present example) does not leak. In this
manner, the parts of the first wave-form plate member 11 and the second wave-form plate member 12 that correspond
to the two lateral portions of the flow passage are hermetically closed by the spacers 14, for the entire length with respect
to the flow passage direction. As a result, an undulating flow passage (i.e., a first flow passage) 31 that has a rectangular
cross section is formed therein.
[0021] The flat-plate-like members 13 are positioned over the top and under the bottom with respect to the layer
stacking direction of the first wave-form plate member 11 and the second wave-form plate member 12. (The upper flat-
plate-like member 13 is the flat-plate-like member 13 added to the end described above.) The apexes (i.e., the ridges)
of the wave-like forms of the first and the second wave-form plate members 11, 12 and the flat-plate-like member 13
are hermetically fixed to each other so that the flowing fluids do not leak. As a result, straight flow passages (i.e., second
flow passages) 32 each of which has a substantially triangular cross section are formed between each of the first and
the second wave-form plate members 11, 12 and a corresponding one of the flat-plate-like members 13.
[0022] As explained above, each of the unit structuring members 20 has formed therein the undulating flow passage
31 that has a rectangular cross section and that undulates in the layer stacking direction with respect to the traveling
direction of the fluid; and the straight flow passages 32 each of which extends orthogonal to the undulating flow passage
31, has a substantially triangular cross section, and extends straight from the entrance to the exit thereof without me-
andering. Further, the plurality of unit structuring members 20 each of which is configured as described above are stacked
in the manner of layers while being turned by 90 degrees for each of the layers, in such a manner that the directions of
the waves intersect one another. In the example shown in FIG. 1, three unit structuring members 20 are stacked in the
manner of layers along the layer stacking direction (i.e., the Z-axis direction).
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[0023] FIG. 2 is a perspective view for explaining the directions of the fluids flowing through the flow passages formed
in the unit structuring members 20 positioned in the mutually different layers. Although the reference numerals are
omitted from FIG. 2 to keep the drawing easy to see, the configuration is the same as the one shown in FIG. 1.
A first fluid A flowing in the X-axis direction from the right-hand side of FIG. 2 flows through the straight flow passages
32 in the first and the third layers (counted from the bottom) and through the undulating flow passage 31 in the second
layer, as shown with a dashed arrow in the drawing. In contrast, a second fluid B flowing in the Y-axis direction from the
left-hand side of FIG. 2 flows through the undulating flow passages 31 in the first and the third layers (counted from the
bottom) and through the straight flow passage 32 in the second layer. In other words, the structure is arranged so that
both the first fluid A and the second fluid B used for performing the heat exchange process on the sensible heat and the
latent heat pass through the two mutually-different types of flow passages (i.e., the undulating flow passages 31 and
the straight flow passages 32) at the same time. The first fluid A and the second fluid B thus perform the heat exchange
process, while using the first wave-form plate members 11, the second wave-form plate members 12, and the flat-plate-
like members 13 as a medium having moisture permeability. As explained above, because the flow passages that extend
in the two mutually-different directions and through which the fluids used for performing the heat exchange process flow
are made up of the two types of flow passages such as the undulating flow passages 31 and the straight flow passages
32 and are in mutually the same shapes, it is possible to arrange the pressure losses in both of the directions so as to
be substantially equal.
[0024] FIG. 9 is a perspective view of an example of a conventional total heat exchange element shown for a com-
parison. A total heat exchange element 201 shown in FIG. 9 is configured so that partition members 213 each of which
is in the form of a flat plate and spacers (i.e., corrugated fins) 211 each of which is shaped in such a manner that the
cross section thereof is in the form of corrugated fins are stacked in the manner of layers so as to alternate. The layer
stacking method being used can be explained as follows: A unit structuring member 220 is prepared by positioning one
partition member 213 and one spacer 211 on top of each other in such a manner that the projecting parts of the wave-
like forms are in contact, as shown in FIG. 9, and further fixing these members together by adhesion or the like. Unit
structuring members 220 each prepared in this manner are stacked in the manner of layers so that the partition members
213 and the spacers 211 alternate and so that the directions in which the openings of the wave-like forms of the spacers
211 are oriented alternate by approximately 90 degrees. (In the example shown in FIG. 9, six unit structuring members
220 are stacked in the manner of layers.) In the total heat exchange element 201, the first fluid A flowing in the X-axis
direction from the right-hand side of FIG. 9 and the second fluid B flowing in the Y-axis direction from the left-hand side
of FIG. 9 are arranged to flow in the directions intersecting each other in any two adjacently-positioned layers, as shown
with a dashed arrow in the drawing. When the two types of fluids are configured so as to pass through the flow passages
in this manner, it is possible to perform a heat exchange process between the two fluids, while using the partition members
213 as a medium.
[0025] The first wave-form plate member 11 and the second wave-form plate member 12 according to the first em-
bodiment function as a medium during the heat exchange process and correspond to the partition members 213 in the
conventional example shown in FIG. 9.
[0026] The most significant characteristic of the total heat exchange element according to the first embodiment is that
the material is not wasted and that the heat transfer area size of the element per unit volume is kept large because
almost all the wall surfaces within the element other than the spacers serve as direct heat-transfer areas having the
mutually-different heat exchanging fluids flowing on the two surfaces thereof, instead of indirect heat-transfer areas like
the fins. Because the fins transfer heat by giving the heat stored therein to the direct heat-transfer area, the area size
that contributes to the heat exchange process is not 100 percent of the surface areas of the fins. The fins impact the
area size only on the basis of the amounts obtained from the formula "the surface areas of the fins" x "the fin efficiency"
including the fin efficiency determined by the shapes of the fins and the circumstances of the surroundings. In contrast,
as for the direct heat-transfer areas that are in contact with the mutually-different heat exchanging fluids on the two
surfaces thereof, 100 percent of the surface areas thereof are able to contribute to the heat exchange process.
[0027] The heat exchange process explained above refers to the sensible heat, and the fins have almost no impact
on the latent heat (i.e., the fin efficiency=0). In fact, because the direct heat-transfer area becomes smaller due to the
fins being in contact with the direct heat-transfer area, the amount of exchanged latent heat becomes smaller. For this
reason, less material is wasted when the direct heat-transfer area is arranged to be as large as possible.
[0028] When the material is not wasted, it is possible not only to provide the element at a lower cost, but also to reduce
the quantity of flat plates required in achieving the same level of performance because the material is used without being
wasted. Accordingly, it is also possible to keep large the space volume (i.e., the volume in which the fluids are able to
flow) per unit volume. In addition, because the size of the area that is in contact with the fluids is also smaller than in
the example where the fins are used, it is ultimately also more advantageous in terms of the pressure losses caused
while the fluids are flowing.
[0029] For the first wave-form plate members 11, the second wave-form plate members 12, and the flat-plate-like
members 13 according to the first embodiment, a material having moisture permeability is used so that it is possible to
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exchange the sensible heat as well as the latent heat. Further, ventilation-purpose total heat exchange elements are
required to have, at the same time, gas blocking property for preventing the heat exchanging fluids from mixing with
each other as well as flame retardant property for ensuring safety. Further, when a total heat exchange element is used
for ventilating a space such as a living room where living organisms are present, it is required that the amount of released
chemicals that may be harmful to human bodies is small, and more specifically, that the amount of released volatile
organic compounds (VOCs) is small. In addition, it is also required that no unpleasant odor is released and that the
material strength withstands pressures applied during the processing and the actual use of the element. For these
reasons, a material that satisfies the conditions described above is used for the wave-form plate members 11, the second
wave-form plate members 12, and the flat-plate-like members 13.
[0030] It is more advantageous when the thickness of these members is smaller in terms of permeability of temperature
and moisture. It is also preferable when the thickness of these members is smaller, because it is possible to stack more
layers in the same height, when the height of the stacked layers of one unit structuring members 20 is smaller; however,
if the thickness is too small, problems may arise where, for example, the material strength is not high enough to withstand
the processing. Thus, the thickness should be determined by adjusting the processing method being used and other
factors. Generally speaking, a material having a thickness in the range approximately from 20 micrometers to 120
micrometers is popularly used. Further, to satisfy the characteristics described above, some total heat exchange elements
are configured so as to have a multi-layer structure instead of a single-layer structure, so that the abovementioned
characteristics are distributed to the different layers (i.e., the first layer has moisture permeability, while the second layer
has a certain material strength). As long as the abovementioned characteristics are satisfied, it is possible to use any
material for the element according to the first embodiment, regardless of the structure of the partition members and the like.
[0031] As for the material for the first wave-form plate members 11, the second wave-form plate members 12, and
the flat-plate-like members 13, when a material that has gas blocking property and that contains an alkali metal salt and
an alkaline earth metal salt that are water soluble and deliquescent is used, these chemicals store water within the
element due to the moisture absorbing action thereof, and at the same time, the chemical liquid diffuses even to the
parts where the chemicals were not initially provided because the chemicals dissolve into the stored water. As a result,
a problem arises where the amount of chemicals remaining in the partition members, which is needed originally, becomes
smaller. In contrast, because the element according to the first embodiment has a structure in which the proportion of
the parts other than the partition members is smaller than that in the conventional element, it is possible to ensure a
higher level of moisture permeability and a larger amount of exchanged latent heat than the element having the con-
ventional structure and being configured by using the same material.
[0032] Each of the unit structuring members 20 according to the first embodiment is in the form of a flat plate having
a substantially square shape; however, each of the unit structuring members 20 may be in the form of a flat plate having
a parallelogram shape or a rectangular shape.

<Example 1>

[0033] The total heat exchange element 101 according to the first embodiment shown in FIG. 1 was manufactured in
the following manner:

A piece of specially-processed paper was prepared by applying a moisture-permeable-film forming chemical liquid
to one of the surfaces of a piece of paper having a thickness of approximately 100 micrometers, the moisture-
permeable-film forming chemical liquid being obtained by dissolving polyvinyl alcohol (PVA), which is a watersoluble
high-molecular substance, or the like in water and further mixing in lithium chloride serving as a chemical agent that
is water soluble and has a moisture absorbing function and guanidine sulfamate serving as a flame retardant. Another
piece of the specially-processed paper prepared in the same manner was processed into a wave-like form with
folding creases, was cut into a 120-millimeter square, and was positioned over the abovementioned piece of paper.
Subsequently, an aqueous vinyl-acetate resin emulsion adhesive was applied to the apexes of the folding creases
of the piece of paper processed into the wave-like form by using a roll coater or the like so as to adhere the pieces
of paper together.

[0034] In this situation, by appropriately devising tools being used or the like, the height of the wave-like form was
arranged so as to be 1.7 millimeters, whereas the distance between any two adjacently-positioned apexes of the wave-
like form was arranged so as to be 11.5 millimeters. After that, the spacers 14 were cut out from thick paper having a
thickness of approximately 1.2 millimeters so as to fit the shape of the surface of the wave-like form of the second wave-
form plate member 12.
The spacers 14 were positioned over the second wave-form plate member 12 at the end portions thereof. By applying
the aqueous vinyl-acetate resin emulsion adhesive described above with the use of a brush, the spacers 14 were adhered
to the two sides of the second wave-form plate member 12 extending parallel to the developing direction of the wave-
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like form.
[0035] After that, after an adhesive is applied to an upper edge of the spacers 14, another piece of the specially-
processed paper that is the same as the one used for the second wave-form plate member 12 and that has a thickness
of approximately 100 micrometers was pasted onto the spacers so as to fit the wave-like form thereof, as the first wave-
form plate member 11. The height (i.e., the width) of the spacers 14 were determined in such a manner that the distance
between the first wave-form plate member 11 and the second wave-form plate member 12 in the layer stacking direction
was approximately 1.5 millimeters.
[0036] The unit structuring member 20 was thus produced. A plurality of unit structuring members 20 were prepared
in this manner and stacked in the manner of layers while being turned by 90 degrees for each of the layers. The total
heat exchange element 101 shown in FIG. 1 was thus obtained.

<Comparison Example>

[0037] In contrast, to make a comparison with the total heat exchange element 101 according to the first embodiment,
the conventional total heat exchange element 201 shown in FIG. 9 was produced. In this situation, the wave-like form
of the spacers (i.e., the corrugated fins) 211 were shaped so as to be the same as the wave-like forms of the first wave-
form plate members 11 and the second wave-form plate members 12 according to the first embodiment. In other words,
the height of the wave-like form of the spacers 211 was arranged so as to be 1.7 millimeters, whereas the distance
between any two adjacently-positioned apexes of the wave-like form was arranged so as to be 11.5 millimeters.

<Comparison>

[0038] The table shown below indicates results of comparing the direct heat-transfer area sizes when an equal number
of layers are stacked for Example 1 and for Comparison Example. In the conventional example, the direct heat-transfer
area size is represented only by the areas of the partition members 213 each of which is in the form of a flat plate. In
contrast, in the configuration of Example 1, the direct heat-transfer area size is represented by the areas of the flat-plate-
like members and the wave-form plate members. Thus, the total heat exchange element 101 according to the first
embodiment has an extremely larger direct heat-transfer area size per the same volume.
[0039]

[0040] When the total heat exchange element 101 according to the first embodiment is produced, it should be noted
that, even if the total heat exchange element 101 has a structure with a seemingly large direct heat-transfer area size,
there is a possibility that the actual heat transfer area size may have become smaller depending on how the fluids flow
in the flow passages and there is a possibility that the expected advantageous effect may not be achieved. These
possibilities are significantly higher especially when the undulating flow passages are shaped so as to have a rectangular
cross section. For example, if the height of the undulating flow passages is configured to be too high, a phenomenon
occurs where, as shown in FIG. 3, the fluid flows only in a straight flow path formed between the upper wave forms and
the lower wave forms. In that situation, in actuality, the effect of the heat transfer areas is not realized because the heat
is blocked by dead water regions D1 having circling flows, which occur between the wall surface and the fluid (most of
which is flowing in the straight flow path) that is supposed to be exchanging the heat. To prevent this situation, it is
desirable to configure the distance between the undulating flow passages so as to be smaller than the height of the
wave-like forms of the wave-form plate members, because the apexes of the upper wave-form plate members and the
apexes of the lower wave-form plate members fit one another in such a manner that no straight flow path is formed, and
it is therefore possible to inhibit the dead water regions from occurring.
[0041] Further, in some situations, dead water regions may occur even in curved portions of the undulating flow
passages, if any part of the flow gets separated, depending on the flow rates and the shapes of the wave-like forms.
FIG. 4 is a drawing of a cross-sectional view of an undulating flow passage having a rectangular cross section in which
the apexes formed by the wave-form plate member are sharp. FIG. 5 is a drawing of a cross-sectional view of an
undulating flow passage having a rectangular cross section in which each of the apexes formed by the wave-form plate
member is shaped with a curvature. FIGs. 4 and 5 depict results of simulations performed by allowing a fluid (i.e., air in

Table 1

Direct heat-transfer area size (values expressed with comparison example 
being 1.0)

Example 1 1.37

Comparison example (corrugated fins) 1.0
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the present example) to flow in each of these flow passages at mutually the same flow rate. In the example shown in
FIG. 4, fluid circling regions (i.e., dead water regions D2) occur on the downstream-side wall surfaces of the apexes due
to a part of the flow that has been separated. As a result, although the wall surfaces that are in contact with the dead
water regions D2 are seemingly direct heat-transfer areas, these wall surfaces hardly contribute to the heat transfer in
actuality. When the dead water regions D2 occur in this manner, undesirable impacts are made such as a decrease in
the heat exchange amount and an increase in the pressure loss.
[0042] As a means for improving this situation, it is possible to adopt a method by which, as shown in FIG. 5, each of
the curved portions of the undulating flow passages (i.e., the bending parts including the apexes of the wave-form plate
members) is shaped in an arched form having an appropriate curvature, instead of being in a form obtained by folding
a plane as explained in the description of the first embodiment.
[0043] Further, the wave-like form of the wave-form plate members may be in any shape as long as the wave-like
form is realized; however, it is desirable if the wave-like form is shaped with a sinusoidal curve or is a triangular wave.
Alternatively, the wave-like form may be a rectangular wave; however, when the wave-like form is a rectangular wave,
there is a possibility that the level of performance may become lower because the areas in which the flat-plate-like
members and the wave-form plate members are in contact with each other are larger. In addition, because the fluids
passing through the undulating flow passages flow so as to collide with a rising portion of the rectangular wave, an
increase in the pressure loss is also anticipated.
[0044] Furthermore, when each of the apexes of the wave-like form is shaped with a curvature, it is possible to provide
a total heat exchange element having a smaller pressure loss. By reducing the pressure loss, it is possible to reduce
the input of the fluid power device included in the apparatus into which the total heat exchange element is to be assembled,
and also, it is thereby possible to contribute to energy saving of the apparatus.

Second Embodiment

[0045] FIG. 6 is a perspective view of a total heat exchange element according to a second embodiment of the present
invention. A total heat exchange element 102 according to the second embodiment is configured so that each of the
bending parts near the apexes of the first wave-form plate members 11 and the second wave-form plate members 12
is shaped, as shown in FIG. 5, in a smooth arched form having a predetermined curvature so that no dead water region
occurs while the fluids are flowing. Also, in the total heat exchange element 102 according to the second embodiment,
a plurality of partition walls 24 are provided between the first wave-form plate members 11 and the second wave-form
plate members 12 so as to divide each of the undulating flow passages 31 into a plurality of sections with respect to the
width direction thereof and so as to enable the first and the second wave-form plate members 11, 12 to support each
other. The other configurations are the same as those.in the first embodiment.
[0046] According to the second embodiment, because the plurality of partition walls 24 are provided, the first wave-
form plate members 11 and the second wave-form plate members 12 support each other at small intervals. As a result,
the number of points in which the first and the second wave-form plate members 11, 12 are held is larger, which enhances
the structural strengths of the unit structuring members 20 during the manufacturing process and of the entire total heat
exchange element 102. It is therefore possible to improve workability and handleability of the element. Furthermore, the
configuration contributes to preventing the two fluids used for the heat exchange process from leaking into each other.
[0047] Further, as an advantageous effect during the manufacture, by designing, in advance, the element with a large
exterior dimension that is partitioned by the plurality of partition walls 24, it is possible to obtain total heat exchange
elements each having an arbitrary exterior dimension by cutting the large elements into similarly-shaped elements of
arbitrary sizes. As a result, it is possible to change the exterior dimension of the elements without the need to change
the mold or the like. This characteristic significantly contributes to improvement of the productivity and enhancement of
the degree of freedom in designing the product.

Third Embodiment

[0048] FIG. 7 is a perspective view of a total heat exchange element according to a third embodiment of the present
invention. A total heat exchange element 103 according to the third embodiment is configured so that partition walls that
are provided in the undulating flow passages 31 so as to divide each of the undulating flow passages 31 into a plurality
of sections with respect to the width direction thereof are arranged in such a manner that the thickness of the partition
wall with respect to the width direction of the flow passage gets larger for one partition wall in every predetermined
number of partition walls. In other words, partition walls 24b having the smaller thickness and partition walls 24a having
the larger thickness are arranged in a predetermined order. According to the third embodiment, the partition walls 24b
having the smaller thickness and the partition walls 24a having the larger thickness are provided so as to alternate.
Other configurations are the same as those in the second embodiment.
[0049] In the example according to the second embodiment, although it is possible to obtain elements each having
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an arbitrary exterior dimension by cutting the large elements into elements of arbitrary sizes, there is a possibility that
a large part of the end portions of the obtained elements may be wasted depending on the relationship between the
positions of the partition walls and the cutting positions. To cope with this situation, it would be necessary to combine
the element with another structure that is able to close a wider portion than that in the conventional example, for the
purpose of preventing the fluid from flowing into the end portions of the elements and from leaking into the flow passage
of the other fluid. In that situation, it would be difficult to design and prepare the combined structure because it would
not be possible to determine the width thereof until the cutting positions of the element are determined. For this reason,
although the cutting positions will be limited, by cutting the centers of the thick portions of the partition walls, it is possible
to obtain similarly-shaped elements, while ensuring that the elements resulting from the cutting have no wasted part
even in the end portions thereof.

Industrial Applicability

[0050] As explained above, the total heat exchange element according to an aspect of the present invention is suitable
for an application to a total heat exchange element that performs a heat exchange process on the sensible heat and on
the latent heat between two fluids and in which plate members are stacked in the manner of layers. In particular, the
total heat exchange element according to an aspect of the present invention is optimal for an application to a total heat
exchange element to be assembled into a ventilation apparatus or into an air conditioning apparatus so as to perform
an air-versus-air total heat exchange process.

Claims

1. A total heat exchange element in which a first fluid and a second fluid are respectively caused to flow through a first
flow passage and a second flow passage that are formed between plate members stacked in a manner of layers
so as to extend in directions intersecting each other, so that sensible heat as well as latent heat are exchanged
between the first fluid and the second fluid, wherein
the first flow passage is an undulating flow passage that has a rectangular cross section and is formed by positioning
a first wave-form plate member that has moisture permeability and is shaped in a form of a wave undulating in a
layer stacking direction toward a traveling direction of the fluid and a second wave-form plate member that has
moisture permeability and is shaped in a form of a wave undulating substantially in a same cycle as the first wave-
form plate member, on top of each other and with a predetermined interval therebetween, and further causing
hermetically-closing members to hermetically close two lateral portions with respect to the traveling direction of the
fluid, and
the second flow passage is a straight flow passage that has a substantially triangular cross section and is formed
between a flat-plate-like member having moisture permeability and one of the first and the second wave-form plate
members, when the flat-plate-like member is positioned on a wave-like surface of the one of the first and the second
wave-form plate members so as to be in close contact therewith.

2. The total heat exchange element according to claim 1, comprising a plurality of unit structuring members stacked
in a manner of layers while being turned by 90 degrees for each of the layers, each of the unit structuring members
being configured with a set made up of the first wave-form plate member, the second wave-form plate member, and
the flat-plate-like member.

3. The total heat exchange element according to claim 1, wherein a difference between a height of a wave-like form
of the first wave-form plate member and a height of a wave-like form of the second wave-form plate member is
larger than a layer-stacking-direction distance between the first wave-form plate member and the second wave-
form plate member.

4. The total heat exchange element according to claim 1, wherein each of bending parts at apexes of wave-like forms
of the first wave-form plate member and the second wave-form plate member is shaped so as to be in an arched
form having a curvature so that no dead water region occurs while the first fluid and the second fluid are flowing.

5. The total heat exchange element according to claim 1, wherein at least one partition wall that divides the undulating
flow passage having the rectangular cross section into a plurality of sections with respect to a width direction thereof
and that enables the first and the second wave-form plate members to support each other is provided between the
first wave-form plate member and the second wave-form plate member.
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6. The total heat exchange element according to claim 5, wherein
a plurality of partition walls are provided, and
the partition walls provided in a predetermined position is configured so as to have a larger thickness with respect
to the width direction of the flow passage than thicknesses of other partition walls provided in other positions.

7. The total heat exchange element according to claim 1, wherein the first wave-form plate member, the second wave-
form plate member, and the flat-plate-like member are configured by using a material that has gas blocking property
and that contains an alkali metal salt and an alkaline earth metal salt that are water soluble and deliquescent.
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