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(57) ABSTRACT

A heat exchange element of a heat exchanger prevents losses
due to internal pressure non-uniformity. The heat exchanger
includes a plurality of heat exchange sheets which are stacked
together. A plurality of airflow guide ribs located between the
sheets have connection passages that allow gases to flow
between adjacent ducts. The tlow of gasses through the con-
nection passages olfsets pressure non-uniformity between
adjacent ducts. Also, the ribs can be continuously arranged
over the length of the heat exchange ducts to increase an area
supporting the heat exchange sheets, and thus the sag phe-

nomenon of the heat exchange sheet can be prevented.
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Fig. 5
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HEAT EXCHANGE ELEMENT FOR

VENTILATING APPARATUS
BACKGROUND
[0001] 1. Field
[0002] The present disclosure relates to a heat exchanger

used 1 a ventilating apparatus. In particular, the present
application discloses heat exchange plates which can be
stacked to form a heat exchanger.

[0003] 2. Background

[0004] A ventilating apparatus can be used for ventilating
an enclosed space. The ventilating apparatus 1s designed to
perform a heat exchange operation in which heat 1s
exchanged between incoming outdoor air and outgoing
indoor air before the outdoor air 1s introduced to the enclosed
space. In other words, the ventilating apparatus 1s a kind of air
conditioning apparatuses that ventilates the room such that
indoor temperature does not decrease or increase abruptly,
even though outdoor air 1s introduced during the ventilation
process.

[0005] The ventilating apparatus 1s configured with a plu-
rality of ducts which can be arranged to cross one another or
which can be arranged 1n parallel. The outdoor air and the
indoor air flow 1n opposite directions through adjacent ducts
to accomplish the heat exchange operation.

[0006] An important performance factor in this type of
ventilating apparatus i1s to maintain the temperature and
humidity of air within the enclosed space. This 1s accom-
plished by conducting a heat and moisture exchange opera-
tion so that the temperature and humidity of air being sent into
the enclosed space 1s almost equal to that of air being removed
from the space.

[0007] To this end, the ducts of the heat exchanger must
have maximum heat transfer efficiency and moisture perme-
ability. It also helps to form the ducts so that they are as fine
and compact as possible for contacting air over the broadest
surface area.

[0008] In addition to the above, 1t 1s desirable to have the
heat exchanger produce minimum noise and minimum power
consumption in mntroducing fresh outdoor air and exhausting
indoor air for ventilation. For the minimum noise and power
consumption, the conduit resistance of an internal heat
exchange duct must be low. Unfortunately, as the heat
exchanger 1s configured for maximum heat and moisture
exchange, noise and power consumption go up.

[0009] In an attempt to balance all of the above factors, a
variety of shapes and duct materials have been developed. A
related art heat exchange duct 1s provided with heat exchange
“sheets,” and ribs between the sheets help to maintain the
multi-stacked arrangement of the heat exchange sheets. Main
heat exchange 1s performed by heat transfer through the
sheets. Likewise, moisture exchange 1s accomplished by
moisture permeation between the sheets.

[0010] The heat exchange sheets may be made of thin
paper, and thus the heat exchange sheets may sag if they
absorb moisture. The ribs, which help to support the sheets,
are attached to the heat exchange sheets 1n molten resin form
and are then cured. The ribs between the sheets form ducts
with the heat exchange sheets and the air flows through these
ducts. Different gases (these gases would typically be the
outdoor air and the indoor air) tlow on opposite sides of each
sheet 1n such a way that they cross each other, or flow 1n
opposite directions In background art heat exchangers, pres-
sure or flow velocity 1s not uniform in each duct, or even at
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different locations within the same duct. These localized flow
differentials can degrade performance.

[0011] FIGS. 4A and 4B are exploded perspective views
illustrating the constitution of a background art heat exchange
clement. Referring to FIGS. 4A and 4B, an intake heat
exchange element 21 and an exhaust heat exchange element
22, which have hexagonal shapes, are alternately stacked.
Intake passages and the exhaust passages are formed between
the intake heat exchange elements 21 and the exhaust heat
exchange elements 22.

[0012] Theintake heatexchange element 21 includes a heat
exchange sheet 211 made of thin paper material. Guide ribs
212 are disposed on one side of a heat exchange sheet 211
such that they are spaced apart by predetermined distances. A
frame 213 1s provided on edge portions of the heat exchange
sheet 211 to maintain the shape of the intake heat exchange
clement 21.

[0013] The guide rib 212 1s divided into three sections, 1.e.,
an outdoor air intake section 212a, an intermediate section
2125 and an outdoor air exhaust section 212¢. The outdoor air
intake section 212a and the outdoor air exhaust section 212c¢
are disposed at opposite ends of the intermediate section
212c¢. The introduction guide rib 212 1s formed such that the
outdoor air intake section 212a and the outdoor air exhaust
section 2125 extend at a predetermined angle with respect to
the intermediate section 2125b.

[0014] Simuilar to the intake heat exchange element 21, the
exhaust heat exchange element 22 includes a heat exchange
sheet 221, and exhaust guide ribs 222 attached to one side of
the heat exchange sheet 221. A frame 223 surrounds the heat
exchanger sheet 221. The exhaust guide ribs 222 are also
configured with an 1intake portion 2224, a straight intermedi-
ate portion 2225 and an exhaust portion 222c.

[0015] The intermediate portions 2215 and 2225 of the
intake and exhaust sheets are parallel to one another. How-
ever, the intake portions 222a and the exhaust portions 222¢
of the exhaust guide ribs 222 cross the intake portion 212qa
and the exhaust portion 212¢ of the mtroduction guide rib
212.

[0016] In the intermediate sections of the introduction and
exhaust guide ribs 212 and 222, where the heat exchange
operation 1s most elfectively performed, incoming air and
outgoing air tlow 1n parallel and opposite directions to each
other. This makes it possible to increase heat exchange eifi-
ciency as much as possible. That 1s, the outdoor air and the
indoor air exchange heat with each other best 1n the straight
portions 2126 and 2225b. The longer the straight portions are,
the better the heat exchanger. However, the longer the straight
portions get, the lower the flow velocity becomes.

[0017] In FIG. 4A, reference symbol PT denotes a section
where air velocity decreases, but pressure temporarily
increases. This 1s undesirable, and 1t typically occurs at bent
portions of the ribs where the air flow must change direction.
The increased pressure results 1n lowering the flow velocity.
This 1s called a pressure loss. The pressure loss caused by
such a local pressure increase 1s dependent upon a turning
angle and a length of a bent portion of the duct. For example,
referring to FIG. 4B, residual pressures P1 and P, of air 1in
adjacent ducts at exhaust ends are different from each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The embodiments will be described 1n detail with
reference to the following drawings, 1n which like reference
numerals refer to like elements, and wherein:
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[0019] FIG. 11s a perspective view illustrating an internal
structure of a ventilating apparatus;

[0020] FIG. 2 1s a sectional view 1llustrating introduction/
exhaust of outdoor air 1n the ventilating apparatus of FIG. 1;
[0021] FIG. 3 1s a sectional view 1illustrating introduction/
exhaust of indoor air 1n the ventilating apparatus of FIG. 1;
[0022] FIGS. 4A and 4B are perspective views 1llustrating
the constitution of a related art heat exchange element.
[0023] FIG. 5 1s a plan view of an embodiment of a heat
exchange plate redressing disadvantages of the related art
heat exchange plate of FIGS. 4A and 4B.

[0024] FIG. 61san enlarged view of a portion of an embodi-
ment of a heat exchange element corresponding to part A of
FIG. 4B;

[0025] FIG.71sanenlarged view of aportion of an embodi-
ment of a heat exchange element corresponding to part A of
FI1G. 4B; and

[0026] FIGS. 8, and 9A to 9D are views 1llustrating modi-
fied shapes and arrangments of ribs of various embodiments
ol heat exchange elements.

DETAILED DESCRIPTION

[0027] FIG. 11s a perspective view 1illustrating an internal
structure of a ventilating apparatus 10. Referring to FIG. 1,
the ventilating apparatus 10 includes a case 11 forming an
external shape, and a heat exchanger 20. As shown 1n FIG. 2,
an intake fan 16 1s configured to introduce outdoor air into a
room. As shown 1n FIG. 3, an exhaust fan 17 1s configured to
blow indoor air to the outside. The heat exchanger 20 con-
ducts a heat and moisture exchange operation between
incoming outdoor air and outgoing indoor.

[0028] An intake air inlet 12 mtroduces outdoor air and an
exhaust air outlet 15 exhausts indoor air to the outside. At the
other side of the case 11, an intake air outlet 13 discharges the
introduced outdoor air to the indoor space, and an exhaust air
inlet 14 introduces the mdoor air into the ventilating unit.
[0029] Anintakepassage 1s provided between the intake air
inlet 12 and the intake air outlet 13. Here, the heat exchanger
20 intervenes 1n the middle of the intake passage. An exhaust
passage 1s also provided between the exhaust air inlet 14 and
the exhaust air outlet 15. Likewise, the heat exchanger 20 also
intervenes in the middle of the exhaust passage. The outdoor
air introduced through the intake air inlet 12 and the indoor air
introduced through the exhaust air inlet 14 exchange heat and
moisture with each other, without being mixed, while passing
through the heat exchanger 20.

[0030] FIG. 2 1s a sectional view 1llustrating the introduc-
tion/exhaust of outdoor air 1n the ventilating apparatus 10 of
FIG. 1. FIG. 3 1s a sectional view 1llustrating the introduction/
exhaust of indoor air 1n the ventilating apparatus 10 of FI1G. 1.
Referring to FIG. 2, the intake fan 16 1s mounted inside the
duct at a side of the intake air outlet 13 to introduce the
outdoor air. In detail, the outdoor air 1s introduced through the
intake air inlet 12 by the operation of the intake fan 16, and 1s
then heat exchanged with the indoor air while passing through
the heat exchanger 20.

[0031] Referring to FIG. 3, the exhaust fan 17 1s mounted
inside the duct at a side of the exhaust air outlet 15 to 1ntro-
duce the indoor air. In detail, the indoor air i1s introduced
through the exhaust inlet 14 by the operation of the exhaust
fan 17, and the indoor air 1s then heat exchanged with the
outdoor air while passing through the heat exchanger 20.
[0032] The heat exchanger 20 includes a plurality of
stacked heat exchange plates. The heat exchange plates are
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configured such that guide ribs are disposed between heat
exchange sheets. The stacked structure of the heat exchange
sheets and the guide ribs form ducts which guide the intro-
duced indoor air and outdoor air. The ducts through which the
indoor air flows and the ducts through which the outdoor air
flows are cross-arranged at left and right sides of the heat
exchanger, respectively. Therefore, the outdoor air and the
indoor air can exchange heat and moisture with each other,
without being mixed, while they pass through the heat
exchanger 20.

[0033] FIGS. 5-9c¢ illustrate various embodiments of heat
exchange plates that redressing disadvantages of the related
are heat exchange plates shown in FIGS. 4A and 4B.

[0034] The heat exchange elements are designed to solve
flow rate non-uniformity caused by pressure non-uniformity
at air intake and exhaust ends. In preferred embodiments, the
heat exchanger 1s shaped like a quadratic prism or a hexago-
nal prism. .

The heat exchanger has a structure 1n which a
plurality of heat exchange sheets stacked.

[0035] In some embodiments, ribs would only be formed
on one side of each heat exchange sheet. In other embodi-
ments, ribs are disposed on both sides of each heat exchange
sheet. When ribs are formed on both sides of a sheet, each heat
exchange plate would 1nclude a heat exchange sheet, a plu-
rality of first ribs arranged on one surface of the heat exchange
sheet and guiding a first gas flowing along the first surface of
the heat exchange sheet, and a plurality of second ribs
arranged on the opposite surface of the heat exchange sheet.
The second ribs would guide a second gas flowing along the
opposite surface of the heat exchange sheet.

[0036] Referring to FIG. 5, the heat exchange plate 1
includes a heat exchange sheet 3, a frame 2 surrounding the
heat exchange sheet 3, an introduction guide rib 4 disposed on
one side of the heat exchange sheet 3, and an exhaust guide rnib
5 disposed on the other side of the heat exchange sheet 3.

[0037] Some ofthe guide ribs are intermittently arranged at
intake and exhaust ends of the intake and exhaust guide ribs 4
and 5, as1llustrated in FIG. 5. That 1s, the guide ribs are spaced
apart at regular intervals so that the introduced or exhausted
air flows dispersedly. By virtue of the guide rib structure,
intake air 1s introduced along a plurality of ducts, and
exhausted along a plurality of ducts, which makes it possible
to reduce pressure loss at air intake and exhaust ends.

[0038] Even in the heat exchange plate having the above
configuration, since a predetermined portion of the heat
exchange sheet on which the guide ribs are not disposed
cannot be supported by the ribs over a wide area, the heat
exchange sheet may sag due to moisture contained in the
introduced outdoor or indoor air or due to the aging of the heat
exchange sheet itsell. This sag phenomenon of the heat
exchange sheet can cause a portion of the duct to be more
narrow than desired (1.¢., the height of the duct decreases 1n a
viewing direction of the drawing.)

[0039] FIG. 6 1s an enlarged view of guide ribs on a first
embodiment of a heat exchange sheet. The portion illustrated
in FIG. 6 corresponds to the portion circled A in FIG. 4B.
Although this portion corresponds to the intake portion for air
flowing in from outside, the features shown 1n FIG. 6 can be
applied to the intake and exhaust portions of guide ribs guid-
ing both mndoor and outdoor arr.

[0040] Referring to FIG. 6, a communication hole 40 of a
predetermined size 1s provided on the first rib 212. Specifi-
cally, the communication hole 40 1s formed such that a surface
contacting the heat exchange sheet 1s recessed or removed to
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a predetermined depth. The resulting commumnication hole 40
enables the gas tlowing along the ducts between the guide ribs
to be divided and to flow ito adjacent ducts when a local
pressure increase of the first gas occurs (usually due to a
directional change. Therefore, 1t 1s possible to improve pres-
sure distribution and umiformity within the ducts and thereby
mimmize flow losses.

[0041] The guide b is continuously formed without inter-
ruptions because the communication hole 40 1s provided in
the guide r1b. Therefore, an area ol the paper sheet that the ribs
support can icrease compared to the embodiment shown 1n
FIG. 5. Thus, the sag phenomenon of the heat exchange sheet
can be prevented. There 1s no limitation 1n the size, shape and
number of the communication holes 40 that can be formed in
the guide ribs. Some vanations 1n the communication holes
are described below. However, any shape, number and con-
figuration could be used to keep pressure uniform, and flow
losses small.

[0042] FIG. 7 1s an enlarged view of the guide ribs of a heat
exchange sheet according to another embodiment. Referring
to FIG. 7, at least one communication hole 50, 1.e., a connec-
tion passage, 1s provided 1n the guide ribs. The communica-
tion hole 50 1n the guide r1b at a location that 1s spaced apart
from the upper and lower surfaces which contact the heat
exchange sheets 211 and 212. As illustrated mm FIG. 7,
because the heat exchange sheets attached to the upper and
lower surfaces of the guide ribs are continuously supported,
by forming the communication hole 50 at the middle of the
guide rib, 1t 1s possible to further reduce the sag phenomenon
of the heat exchange sheet compared to the embodiment

shown 1n FIG. 5 or FIG. 6.

[0043] FIG. 8 and FIGS. 9A to 9C show variations 1n the
sectional widths d1 and d2 depending on a length 1 of the
connection passage, and variations of lengths 11 and 12 of the
connection passages depending on positions in the duct. In
addition, 1t can be observed that an end portion of a commu-
nication hole provided in the rib may be rounded to smooth
airtlow 1n the communication hole.

[0044] FIG. 8 shows in embodiment where a connection
passage 50 1s substantially triangular or trapezoidal 1n shape.
The height of the connection passage 50 varies from a dis-
tance D1 to a distance to D2 over the length of the connection
passage 50.

[0045] In the embodiment shown in FIG. 9A, two connec-
tion passages are formed within a guide rib 212a4. However, a
first connection passage has a first length .1 and a second
connection passage has a second length .2 which 1s greater
than LL1. In this embodiment, the connection passageways are
tformed by removing the entire lower portion of the guide rib
212. However, as shown i FIG. 9B, connection passages
having two different lengths could also be formed in the
center of the guide rib. FIG. 9B also illustrates connection
passageways 50 which have arcuate or rounded end edges.
Therounding of the end edges of the connection passageways
can help to maintain a uniform tlow through the passageways.

[0046] FIG.9C illustrates an embodiment where three con-
nection passages of differing lengths are all provided 1n the
center sections of the guide rib.

[0047] FIG. 9D 1illustrates an embodiment like the one
shown 1n FIG. 9A, except that in this embodiment, the mate-
rial removed from the guide rib comes from the top of the nb.

[0048] A heat exchanger of a ventilating apparatus which
makes use of guide ribs with communication holes or con-
nection holes can maintain flow rate uniformity and help to
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keep pressure uniform within the passageways of the heat
exchanger. In addition, since the guide ribs constituting a heat
exchanger are continuously formed, they provide better sup-
port to the heat exchange sheets. As a result, the sag phenom-
enon of the heat exchange sheet can be reduced. Furthermore,
since the durability of the heat exchanger 1s strengthened by
minimizing the sag phenomenon, the lifetime of the heat
exchanger can be increased.

[0049] Any reference 1n this specification to “one embodi-
ment,” “an embodiment,” “example embodiment,” etc.,
means that a particular feature, structure, or characteristic
described 1n connection with the embodiment 1s included 1n at
least one embodiment of the ivention. The appearances of
such phrases 1n various places in the specification are not
necessarily all referring to the same embodiment. Further,
when a particular feature, structure, or characteristic 1s
described in connection with any embodiment, 1t 1s submaitted
that 1t 1s within the purview of one skilled 1n the art to effect
such feature, structure, or characteristic 1n connection with
other ones of the embodiments.

[0050] Although a number of illustrative embodiments
have been described, it should be understood that numerous
other modifications and embodiments can be devised by those
skilled 1n the art that will fall within the spirit and scope of the
principles of this disclosure. More particularly, various modi-
fications are possible in the component parts and/or arrange-
ments which would fall within the scope of the disclosure, the
drawings and the appended claims. In addition to variations
and modifications in the component parts and/or arrange-
ments, alternative uses will also be apparent to those skilled in
the art.

What 1s claimed 1s:

1. A heat exchanger, comprising:

a plurality of heat exchange sheets which are stacked ontop

of one another; and

a plurality of guide ribs positioned between the heat

exchange sheets to form fluid flow ducts between adja-
cent heat exchange sheets, wherein an aperture 1s formed
in at least one of the guide ribs to allow fluid tlow
exchange between adjacent fluid tlow ducts.

2. The heat exchanger of claim 1, wherein an aperture 1s
formed 1n at least one guide rib between each adjacent pair of
heat exchange sheets.

3. The heat exchanger of claim 1, wherein the guide ribs are
attached to the heat exchange sheets.

4. The heat exchanger of claim 3, wherein guide ribs are
attached to two opposite sides of each of the heat exchange
sheets.

5. The heat exchanger of claim 3, wherein the aperture 1s
formed by removing a portion of a surface of the at least one
guide rib adjacent to the heat exchange sheet to which 1t 1s
attached such that the surface of the guide rib abutting the heat
exchange sheet 1s discontinuous.

6. The heat exchanger of claim 3, wherein the aperture 1s
formed by removing a portion of a surface of the at least one
guide rib opposite the heat exchange sheet to which 1t 1s
attached such that the surface of the guide rib opposite to the
heat exchange sheet 1s discontinuous.

7. The heat exchanger of claim 3, wherein the aperture 1s
formed 1n a central portion of the at least one guide rib such
that the upper and lower surfaces of the guide ribs are con-
tinuous.

8. The heat exchanger of claim 1, wherein a plurality of
apertures are formed 1n the at least one guide rib.
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9. The heat exchanger of claim 8, wherein at least two of the
plurality of apertures formed in the at least one guide rib have
different lengths.

10. The heat exchanger of claim 1, wherein an aperture 1s
formed 1n a plurality of the guide ribs located between each
adjacent pair of heat exchange sheets.

11. The heat exchanger of claim 1, wherein a height of the
aperture varies along a length of the aperture.

12. The heat exchanger of claim 1, wherein at least one side
edge of the aperture 1s angled.

13. The heat exchanger of claim 1, wherein at least one side
edge of the aperture 1s rounded.

14. The heat exchanger of claim 1, wherein the aperture 1s
formed by removing an upper surface portion of the at least
one guide rib such that the upper surface of the gmide b 1s
discontinuous.

15. The heat exchanger of claim 1, wherein the aperture 1s
formed by removing a lower surface portion of the at least one
guide rib such that the lower surface of the guide nib 1is
discontinuous.

16. The heat exchanger of claim 1, wherein the aperture 1s
tformed 1n a central portion of the at least one guide rnb such
that the upper and lower surfaces of the guide ribs are con-
tinuous.
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17. The heat exchanger of claim 1, wherein a length of the
aperture 1s greater than a height of the aperture.

18. The heat exchanger of claim 1, wherein the aperture 1s
formed on the at least one guide rib at a portion of the guide
rib which 1s curved or angled.

19. A heat exchange plate for a heat exchanger, comprising;:

a heat exchange sheet; and

a plurality of guide ribs attached to at least one side of the
heat exchange sheet, wherein an aperture 1s formed 1n at
least one of the guide ribs to allow fluid tlow exchange
through the aperture.

20. The heat exchange plate of claim 19, wherein a plural-
ity of guide ribs are formed on two opposite sides of the heat
exchange sheet.

21. The heat exchange plate of claim 20, wherein the plu-
rality of guide ribs are formed on the two opposite sides of the
heat exchange sheet such that when two heat exchange plates
are stacked on top of one another, the guide ribs on the bottom
of the upper heat exchange plate are interposed between
corresponding pairs of the guide ribs on the top of the lower
heat exchange plate.

22. A heat exchanger comprising the heat exchange plate of
claim 21.
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