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ABSTRACT

Disclosed is a heat exchanger, including a plurality of adjacent sheets. An upper surface of
cach sheet is provided with a plurality of raised peak lines that are arranged in parallel and
spaced rows and raised upward, and a lower surface of each sheet is provided with a plurality of
raised contour lines that are arranged in parallel and spaced rows and raised downward. A first
flow channel and a second flow channel are formed between adjacent three sheets. Fluid flows
through the first flow channel along a first direction and a second direction, and fluid flows
through the second flow channel along the first direction and a third direction. A convection is
formed by the fluid flowing through the first flow channel and the second flow channel. The

present disclosure can improve heat exchange efficiency and be easy to industrialize.
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HEAT EXCHANGER

TECHNICAL FIELD
[0001] The present disclosure relates to the field of air heat exchange technologies, and in

particular, to a heat exchanger.

BACKGROUND

[0002] With the rapid development of socicty, people enjoy higher living standards. However, at
the same time, living environment has been severcly damaged, which negatively affects air
quality. An air purifier and a ventilation system have been developed to improve indoor air
quality. The ventilation system brings fresh outdoor air into room through filtration and
purification, and exhausts polluted indoor air to the outdoors, to complete effective circulation of
indoor and outdoor air, thereby keeping indoor air clean and comfortable.

[0003] However, a heat exchanger core of the conventional ventilation system has low heat
exchange efficiency. In view of this problem, the present disclosure provides a novel technical

solution.

SUMMARY
[0004] A technical problem to be solved by the present disclosure is to provide a heat exchanger,
which can improve heat exchange efficiency.
[0005] Another technical problem to be solved by the present disclosure is to provide a heat
exchanger, which has a simple structure, thereby being easy to industrialize and controllable in
costs.
[0006] In order to achieve the above technical effects, the present disclosure provides a heat
exchanger, including:
[0007] A heat exchanger includes a plurality of adjacent sheets. The adjacent sheets extend
parallel to one another along the same direction.
[0008] The adjacent sheets are connected to one other at least at a part of their peripheral edges
or middle portions, and flow channels for fluid flow are formed between the adjacent sheets.
[0009] An upper surface of each sheet is provided with a plurality of raised peak lines that are
arranged in parallel and spaced rows and raised upward, and a lower surface of each sheet is
provided with a plurality of raised contour lines that are arranged in parallel and spaced rows and
raised downward. The raised peak lines and the raised contour lines that are arranged in rows are
both connected by continuous peaks and valleys.

[0010] Between adjacent three sheects, the peaks of the raised contour lines are located
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between two valleys of the raised peak lines, and the peaks of the raised contour lines and the
two valleys of the raised peak lines are staggered, to form a first flow channel and a second flow
channel. The fluid flows through the first flow channel along a first direction and a second
direction, and the fluid flows through the second flow channel along the first direction and a
third direction, so as to form a convection by the fluid flowing through the first flow channel and
the second flow channel.

[0011] The first direction is arranged at an angle with respect to the second direction and the
third direction, and the second direction and the third direction are parallel and opposite to each
other.

[0012] Optionally, the fluid flows through the first flow channel along a first direction A, and
the fluid flows through the second flow channel along a first direction B, the first direction A is
opposite to the first direction B. At least two convections are formed by the fluid flowing through
the first flow channel and the second flow channel.

[0013] Optionally, a trajectory formed by the fluid flowing along the first direction is a curve.
The curve having alternating peaks and valleys.

[0014] A trajectory formed by the fluid flowing along the second direction or the third direction
is a straight line. The second direction and the third direction being parallel and opposite to each
other.

[0015] A horizontal angle between the first direction and the second direction, and between the
first direction and the third direction is o, and a is ranged from 30° to 90°.

[0016] Optionally, the trajectory formed by the fluid flowing along the first direction is a
triangle wave. The triangle wave has alternating triangular peaks and triangular valleys.

[0017] The first direction is perpendicular to the second direction and the third direction.

[0018] Optionally, the peaks of the raised contour lines extend into the valleys each between
two raised peak lines, and the peaks of the raised peak lines extend into the valleys each between
two raised contour lines. The raised contour lines are parallel to the raised peak lines.

[0019] Optionally, a distance between the raised contour lines and the raised peak lines is d, and
d is ranged from 0.5 mm to 5 mm.

[0020] A distance between adjacent two peaks of the raised contour lines is L, and L is ranged
from 2 mm to 100 mm.

[0021] A vertical distance between the peaks of the raised contour lines and the valleys of the
raised contour lines is H, and H satisfies (H*H)/(L*L)>0.75.

[0022] An angle of the peaks of the raised contour lines is 01, and an angle of the valleys of the
raised peak lines is 82, $1>20.5°, and §2>20.5°,

[0023] Optionally, d is ranged from 1 mm to 3mm, L is ranged from 3 mm to 50 mm, H satisfies
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1.25<(H*H)/(L*L)<6.6, 22°<51<60°, and 22°<32<60°.

[0024] Optionally, the peaks of the raised contour lines extend into the valleys each between
two raised peak lines, and the peaks of the raised peak lines extend into the valleys each between
two raised contour lines. An extension length is a quarter to two-thirds of a depth of the valleys.
[0025] Peak tops of the raised contour lines are located on center lines of the valleys each
between two raised peak lines, and peak tops of the raised peak lines are located on center lines
of the valleys each between two raised contour lines.

[0026] Optionally, the sheets are provided with a plurality of raised guiding strips on two sides
of the raised peak lines arranged in rows. Inner ends of the raised guiding strips are joined to
ends of the raised peak lines, outer edges of the sheets that are located at outer ends of the raised
guiding strips are provided with openings, and the remaining outer edges of the sheets are
provided with ribs.

[0027] Optionally, the raised guiding strips arc arranged at an included angle [ with the second
direction or the third direction, and 0°<<90°.

[0028] Optionally, the raised guiding strips of the adjacent sheets are arranged at an included
angle vy, and 0°<y<180°.

[0029] Optionally, the sheets each have a microporous structure, and a pore diameter of a
micropore is ranged from 0.01 pm to 0.3 um.

[0030] Optionally, the sheets each are provided with at least one layer of polymer composite
coating, the polymer composite coating having selective permeability to water molecules.

[0031] Compared with the related art, the present disclosure has the following beneficial effects.
[0032] In the present disclosure, the plurality of sheets are stacked and connected adjacently to
form the heat exchanger. A flow channel is formed between adjacent two sheets. Specifically, a
plurality of flow channels are formed between the raised peak lines arranged in rows and the
raised contour lines arranged in rows, and fluid (airflow) flows through the flow channels formed
between the raised peak lines and the raised contour lines. An upper sheet and a lower sheet are
arranged in staggered and parallel fashion. After being stacked, the raised contour lines of the
upper sheet are staggered with respect to the raised peak lines of the lower sheet. The peaks of
the raised contour lines extend downward to the valleys of the raised peak lines, and the peaks of
the raised peak lines extend upward to the valleys of the raised contour lines. The two sides of
the peaks of the raised contour lines and the two sides of the valleys of the raised peak lines form
the two-side gap. The fluid flows along the bottom of the valleys of the raised contour lines, the
bottom of the valleys of the raised peak lines, and the two-side gap, which greatly enhances the
heat exchange arca of the fluid, thereby improving the heat exchange efficiency.

[0033] Between adjacent three sheets, the first flow channel and the second flow channel are
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formed by the paths between the peaks and valleys. Each first flow and second flow channel are
bypass. The fluid flows through the first flow channel along a first direction and a second
direction, and the fluid flows through the second flow channel along the first direction and a
third direction. During a heat exchange process, two airflows realize the convective heat transfer
and mass transfer by the middle sheets. The first airflow flows through the first flow channel in
the second direction, and the second airflow flows through the second flow channel in the third
direction. The second direction and the third direction are parallel and opposite, so as to form a
convection in the direction perpendicular to the paper surface. At the same time, the first airflow
and the second airflow also meander forward through the gaps formed between the raised
contour lines and the raised peak lines. The first airflow meanders forward in the first flow
channel along the first direction A, and the second air flow meanders forward in the second flow
channel along the first direction B. The first direction A and the first direction B are opposite, so
as to form another convection in the horizontal direction.

[0034] Thus, the present disclosure, by the plurality of airflows passing through the middle
sheets, realizes convection heat transfer and mass transfer. In this way, the airflow velocity
distribution is more uniform; and in addition, the airflow velocity is reduced and the resistance of
the airflow passing through the flow channels is reduced, thereby improving heat exchange
efficiency.

[0035] Moreover, the present disclosure has a simple structure, thereby being easy to

industrialize and controllable in costs.

BRIEF DESCRIPTION OF THE DRAWINGS
[0036] FIG. 1is a perspective view of a heat exchanger according to the present disclosure.
[0037] FIG. 2 is a first schematic diagram of an exploded structure of a heat exchanger
according to the present disclosure.
[0038] FIG. 3 is a second schematic diagram of an exploded structure of a heat exchanger
according to the present disclosure.
[0039] FIG. 4 is a sectional view of a heat exchanger according to the present disclosure.
[0040] FIG. 5 is a partial enlargement view of portion A shown in FIG. 4.
[0041] FIG. 6 is a first perspective view of sheets according to the present disclosure.
[0042] FIG. 7 is a second perspective view of sheets according to the present disclosure.
[0043] FIG. 8 is a front view of sheets according to the present disclosure.
[0044] FIG. 9 is a schematic view of a cross section between adjacent sheets according to an
embodiment.

[0045] FIG. 10 is a schematic diagram of the flow channel shown in FIG. 9.
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[0046] FIG. 11 is a schematic diagram of a maximum speed change in a flow channel according
to the present disclosure.

[0047] FIG. 12 is a schematic diagram of a speed change at a flow channel center according to
the present disclosure.

[0048] FIG. 13 is a diagram of velocity distribution of a flow field according to a first
embodiment according to the present disclosure.

[0049] FIG. 14 is a diagram of velocity distribution of a flow ficld according to a second
embodiment of the present disclosure.

[0050] FIG. 15 is a diagram of velocity distribution of a flow field according to a third
embodiment of the present disclosure.

[0051] FIG. 16 is a diagram of velocity distribution of a flow field according to a fourth
embodiment of the present disclosure.

[0052] FIG. 17 is a diagram of velocity distribution of a flow field according to a fifth

embodiment of the present disclosure.

DETAILED DESCRIPTION
[0053] To make the objective, technical solutions, and advantages of the present disclosure
clearer, the technical solutions of the present disclosure are clearly and completely described
below with reference to the specific examples and corresponding accompanying drawings of the
present disclosure.
[0054] The orientations shown in the figures should not be construed as limiting the specific
protection scope of the present disclosure, and is only for reference and understanding of
preferred embodiments. The product components shown in the figures may be changed in
position or increased in number or simplified in structure.
[0055] The "connection" described in the specification and the mutual "connection” relationship
between components shown in the figures may be understood as a fixed connection or a
detachable connection or an integral connection; or a direct connection or an indirect connection
via an intermediate medium. A person of ordinary skill in the art can understand the connection
relationship according to a specific situation, and use a screw connection, a riveted connection, a
welded connection, a snap connection, or an embedded connection, etc. to perform different
implementation alternatives in an appropriate manner.
[0056] For the orientation terms such as up, down, left, right, top, bottom mentioned in the
specification and the orientations shown in the figures, each part may be in contact directly or by
other features. For example, above may refer to being directly above and diagonally above, or

simply mean being higher than another object. This is applied similarly to other orientations.
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[0057] The present disclosure provides a heat exchanger, as shown in FIG. 1 to FIG. 6,
including a plurality of adjacent sheets 10. The plurality of adjacent sheets 10 are stacked to form
the heat exchanger. In an embodiment, the sheets have a hexagonal shape.

[0058] The adjacent sheets 10 extend parallel to one another along the same direction. Two
adjacent sheets 10 are connected to each other at least at a part of their peripheral edges or
middle portions, and a flow channel for fluid flow is formed between adjacent two sheets 10. An
upper surface of the sheet 10 is provided with a plurality of raised peak lines 20 that are arranged
in parallel and spaced rows and raised upward. A lower surface of the sheet 10 is provided with a
plurality of raised contour lines 30 that are arranged in parallel and spaced rows and raised
downward. The raised peak lines 20 and the raised contour lines 30 arranged in rows are both
connected by continuous peaks and valleys. Between adjacent two sheets 10, a peak of the raised
contour line 30 is located between two valleys of the raised peak line 20, and the peak of the
raised contour line 30 and the two valleys of the raised peak line 20 are staggered.

[0059] As shown in FIG. 6 to FIG. 10, the peaks 30A of the raised contour lines 30 extend
downward to the valleys 20B of the raised peak lines 20, and the peaks 20A of the raised peak
lines 20 extend upward to the valleys 30B of the raised contour lines 30. Two sides of the peaks
30A of the raised contour lines 30 and two sides of the valleys 20B of the raised peak lines 20
form a two-side gap. The fluid flows along a bottom of the valleys 30B of the raised contour
lines 30, a bottom of the valleys of the raised peak lines 20, and the two-side gap.

[0060] Between adjacent three sheets, a first flow channel 40 and a second flow channel 50 are
formed by the paths between the peaks and valleys. The first flow channel 40 and second flow
channel 50 are bypass. The fluid flows through the first flow channel 40 along a first direction
and a second direction, and the fluid flows through the second flow channel 50 along the first
direction and a third direction. A convection is formed by the fluid flowing through the first flow
channel 40 and the second flow channel 50. The first direction is arranged at an angle with
respect to the second direction and the third direction. The second direction and the third
direction arc parallel and opposite to each other.

[0061] As shown in FIG. 10, the first direction is a horizontal direction, and the second direction
and the third direction are perpendicular to a paper surface. The second direction is perpendicular
to the paper surface inward, and the third direction is perpendicular to the paper surface outward.
[0062] It should be noted that the first direction is the horizontal direction, including a
horizontal meandering-to-left direction and a horizontal meandering-to-right direction. The
second direction is a direction shown as x in the figure, representing the direction perpendicular
to the paper surface inward. The third direction is a direction shown as - in the figure,

representing the direction perpendicular to the paper surface inward.
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[0063] Preferably, the fluid flows in the first flow channel along a first direction A, the first
direction A being the horizontal meandering-to-right direction; and the fluid flows in the second
flow channel along a first direction B, the first direction B being the horizontal
meandering-to-left direction. The first direction A is opposite to the first direction B, so that at
least two convections are formed as the fluid passes through the first flow channel and the
second flow channel.

[0064] During heat exchange, in adjacent three sheets, at least two airflows pass through the
middles of the sheets during a heat exchange process, which realizes convective heat transfer and
mass transfer. A first airflow flows through the first flow channel in the second direction, and a
second airflow flows through the second flow channel in the third direction. The second
direction and the third direction are parallel and opposite, so as to form a convection in the
direction perpendicular to the paper surface. At the same time, the first airflow and the second
airflow also meander forward through the gaps formed between the raised contour lines and the
raised peak lines. The first airflow meanders forward in the first flow channel along the first
direction A, and the second air flow meanders forward in the second flow channel along the first
direction B. The first direction A and the first direction B are opposite, so as to form another
convection in the horizontal direction.

[0065] Preferably, a trajectory formed by the fluid flowing along the first direction is a curve.
The curve has alternating peaks and valleys. When flowing through the first flow channel 40 and
the second flow channel 50, the airflow meanders forward through the gaps formed between the
raised contour lines 30 and the raised peak lines 20. The trajectory formed by the airflow flowing
forward may be in many shapes, including but not limited to, shapes of a sine wave and a
triangle wave.

[0066] The trajectory formed by the fluid flowing along the second direction or the third
direction is a straight line. The second direction and the third direction are parallel and opposite
to each other, which is advantageous for forming the convection in the first flow channel 40 and
the second flow channel 50. A horizontal angle between the first direction and the second
direction, and between the first direction and the third direction is a. a is ranged from 30° to 90°.
[0067] More preferably, as shown in FIG. 9 and FIG. 10, the trajectory formed by the fluid
flowing along the first direction is a triangle wave. The triangle wave has alternating triangular
peaks and triangular valleys. The trajectory formed by the fluid flowing along the first direction
satisfies a sawtooth function. In a case that the trajectory formed by the fluid flowing in the first
flow channel 40 and the second flow channel 50 along the first direction is the triangle wave, the
peaks 20A of the raised peak lines 20, the valleys 20B of the raised peak lines 20, the peaks 30A

of the raised contour lines 30, and the valleys 30B of the raised contour lines 30 arc all at an
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included angle. The included angle is preferably an acute angle.

[0068] The trajectory formed by the fluid flowing along the first direction is the triangle wave,
which increases a heat exchange arca between the fluid and the flow channels, and in addition,
reduces the airflow velocity as well as reduces a resistance of the airflow passing through the
flow channels. Thus, the airflow velocity distribution is more uniform, thereby improving heat
exchange efficiency.

[0069] More preferably, the peak 30A of the raised contour line 30 extends into the valley 20B
between two raised peak lines 20, and the peak 20A of the raised peak line 20 extends into the
valley 30B between two raised contour lines 30. The raised contour line 30 and the raised peak
line 20 are parallel, and have the same slope in the same length direction. A peak top of the
raised contour line 30 is located on a center line of the valley between two raised peak lines 20,
and a peak top of the raised peak line 20 is located on a center line of the valley between two
raised contour lines 30.

[0070] In another embodiment of the flow channel, the trajectory formed by the fluid flowing
along the first direction is approximately the triangle wave. The peaks 20A of the raised peak
lines 20, the valleys 20B of the raised peak lines 20, the peaks 30A of the raised contour lines 30,
and the valleys 30B of the raised contour lines 30 each are provided with a bending transition
section. Alternatively, the angles formed by the peaks 20A of the raised peak lines 20, the valleys
20B of the raised peak lines 20, the peaks 30A of the raised contour lines 30, and the valleys 30B
of the raised contour lines 30 each are provided with, but limited to, a rounded transition. The
present disclosure facilitates industrial implementation by providing the bending transition or the
rounded transition.

[0071] It should also be noted that the sheets may have various shapes, which preferably have a
hexagonal shape. The sheets may also have, but not limited to, a square shape, a circular shape,
an oval shape, an octagonal shape, a diamond shape, etc.

[0072] Therefore, in the present disclosure, the plurality of sheets are stacked and connected
adjacently to form the heat exchanger. The plurality of sheets are stacked to form the first flow
channels and the second flow channels that are alternated with each other.

[0073] The flow channels are formed between the adjacent sheets. Specifically, a plurality of
flow channels are formed between the raised peak lines 20 arranged in rows and the raised
contour lines 30 arranged in rows, and the fluid (airflow) flows through the flow channels
formed between the raised peak lines 20 and the raised contour lines 30. An upper sheet and a
lower sheet arc arranged in staggered and parallel fashion. After being stacked, the raised
contour lines 30 of the upper sheet are staggered with respect to the raised peak lines 20 of the

lower sheet. The peaks 20A of the raised peak lines 20 extend upward into the valleys 30B of the
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raised contour lines 30. The two sides of the peaks 30A of the raised contour lines 30 and the two
sides of the valleys 20B of the raised peak lines 20 form the two-side gap. The fluid flows along
the bottom of the valleys 30B of the raised contour lines 30, the bottom of the valleys 20B of the
peak lines 20, and the two-side gap, which greatly enhances the heat exchange area of the fluid,
thereby improving the heat exchange efficiency.

[0074] The present disclosure, by allowing the plurality of airflows to pass through the middle
sheets, achieves the convection heat transfer and mass transfer. The plurality of airflows flow
through the first flow channel and the second flow channel, so as to equalize the airflow velocity
distribution, as well as reduce the airflow velocity and reduce the resistance of the airflow
passing through the flow channels, thereby improving the heat exchange efficiency.

[0075] Further, a distance between the raised contour lines and the raised peak lines is d. d is
preferably ranged from 0.5 mm to 5 mm, which may specifically be, but not limited to, 0.5 mm,
1 mm, 2 mm, 3 mm, 4 mm, or 5 mm. More preferably, d is ranged from 1 mm to 4 mm. Even
more preferably, d is ranged from 1 mm to 3 mm.

[0076] The distance d between the raised contour lines and the raised peak lines may affect a
maximum speed of the airflow and a speed change at a flow channel center, further affecting
airflow uniformity. In the present disclosure, d may be ranged from 0.5 mm to 5 mm. When d is
ranged from 0.5 mm to 5 mm, and an inlet wind speed is 1 m/s, the maximum speed of the
airflow is less than 2.6 m/s, and the speed change at the flow channel center is less than or equal
to 12%, which can provide better airflow uniformity.

[0077] As shown in FIG. 11, as d gradually increases from 0.5 mm, the maximum speed of the
airflow gradually decreases. As d increases from 0.5 mm to 1 mm ~ 2.5 mm, the maximum speed
of the airflow is in a lowest range, and the maximum speed may be decreased by 20% to 30%.
As d increases from 1 mm ~ 2.5 mm to 4 mm ~ 5 mm, the maximum speed of the airflow
increases slowly, and in this case the maximum speed is increased by less than 10%. A smaller
maximum speed of the airflow indicates better airflow uniformity.

[0078] As shown in FIG. 12, as d gradually increases from 0.5 mm to 3 mm, the speed change
at the flow channel center is very small, with the speed basically keeping unchanged. As d
increases from 3 mm to 5 mm, the speed at the flow channel center gradually increases, and the
speed change at the flow channel center is less than or equal to 12%.

[0079] A distance between two adjacent peaks of the raised contour lines is L. L is preferably
ranged from 2 mm to 100 mm. More preferably, L is ranged from 3 mm to 50 mm. In addition, a
vertical distance between the peaks of the raised contour lines and the valleys of the raised
contour lines is H. H satisfies (H*H)/(L*L)>0.75. More preferably, H satisfies
1.25<(H*H)/(L*L)<6.6.
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[0080] The distance L between two adjacent peaks of the raised contour lines and the vertical
distance H between the peaks of the raised contour lines and the valleys of the raised contour
lines jointly affect heat exchange effect and manufacturability of the sheets. When
(H*H)/(L*L)>0.75, high heat dissipation effect may be obtained. In principle, the larger the
value of (H*H)/(L*L) is, the larger the heat exchange arca of the heat exchanger is, and the
better the heat exchange effect is. However, if the value of (H*H)/(L*L) is beyond an appropriate
range, namely (H*H)/(L*1L)>6.6, a draw down ratio is too large, which increases difficulty and
costs in manufacturing the sheets, and also reduces a service life of the sheets.

[0081] An angle of the peaks of the raised contour lines is 01, and an angle of the valleys of the
raised peak lines is 82. 61>20.5°, and 62>20.5°. Preferably, 22°<51<60°, and 22°<62<60°. When
81, 62>20.5°, the heat exchange area can be ensured to have a large range, so as to obtain a good
heat exchange efficiency. If 81, 62>60°, the draw down ratio is too small, which cannot
guarantee the transfer area of the heat exchanger core. If &1, §2<20.5°, the manufacturing
process of the sheets is difficult.

[0082] The peak of the raised contour line extends into the valley between two raised peak lines,
and the peak of the raised peak line extends into the valley between two raised contour lines. An
extension length is preferably a quarter to two-thirds of a depth of the valley, which may
specifically be, but not limited to, one-quarter, one-third, one-half, and two-thirds. This can
ensure the exchange arca of the heat exchanger core and improve the uniformity of the fluid
velocity distribution.

[0083] From above, in the present disclosure, the distance d between the raised contour lines
and the raised peak lines, the distance L between two adjacent peaks of the raised contour lines,
the vertical distance H between the peaks of the raised contour lines and the valleys of the raised
contour lines, the angle of the peaks of the raised contour lines 61, and the angle of the valleys of
the raised peak lines 62 are used to jointly affect the uniformity of the airflow flow, the heat
exchange area, and the uniformity of the velocity distribution of the flow field , thereby
obtaining best heat exchange cfficiency.

[0084] The sheets arc provided with a plurality of raised guiding strips 60 on two sides of the
raised peak lines 20 arranged in rows. Inner ends of the raised guiding strips 60 are joined to
ends of the raised peak lines 20. Outer edges of the sheets that are located at outer ends of the
raised guiding strips 60 are provided with openings, and the remaining outer edges of the sheets
are provided with ribs 70. The arrangement of the raised guiding strips 60 can change the airflow
path, so that the airflow path can be flexibly changed, and can also change the airflow velocity,
so as to clongate the heat transfer time, thereby improving the heat exchange efficiency.

[0085] The raised guiding strips 60 are arranged at an included angle B with the second
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direction or the third direction, so as to allow the fluid to flow through the first flow channel
along the first direction, and along the second direction or the third direction. Preferably,
0°<B<90°. More preferably, 30°<B<60°.

[0086] The raised guiding strips of adjacent sheets are arranged at an included angle 7v.
Preferably, 0°<y<180°. More preferably, 30°<y<150°.

[0087] In a preferable embodiment of the present disclosure, the sheets each have a microporous
structure that is spread over the raised peak lines and the raised contour lines. The microporous
structure facilitates permeation of water molecules, and thus realizes humidity exchange of the
heat exchanger. Preferably, the sheets are provided with a plurality of micropores with a pore
diameter of 0.01 um to 0.3 um. More preferably, the pore diameter of the micropores is ranged
from 0.02 um to 0.15 um. Even more preferably, the pore diameter of the micropores is ranged
from 0.05 pum to 0.1 um.

[0088] The micropores form channels through which water molecules pass, so as to allow water
molecules to enter and exit the first flow channel. In an actual process, water vapor contents of
the airflows in the first flow channel and the second flow channel are not the same, which forms
a water vapor concentration difference. The water vapor concentration difference provides a
driving force for diffusion of water molecules, so as to allow the water molecules to move
through the micropores from a region of low concentration. In this way, the exchange of the
water vapor between the first flow channel and the second flow channel is realized, which is
conducive to the uniformity of heat exchange.

[0089] The sheets each are provided with at least one layer of polymer composite coating,
which has selective permeability to water molecules. Due to having a temperature exchange
function and a humidity exchange function, the polymer composite coating can exchange
sensible heat and latent heat at the same time, without allowing other gas molecules to pass
through. This ensures tightness of the heat exchanger core, so as to avoid mixing of ventilation
air and exhaust air. Thus, the polymer composite coating is suitable for the ventilation system.
Preferably, the polymer composite coating may include one or more of polyoxycthylene,
polystyrene, polycarbonate, polymethyl methacrylate, polyacrylic acid, polyether polyamide,
aliphatic polyurethane, sulfonated styrene, sulfonated polyacrylic acid, and sulfonated polyether
ether ketone.

[0090] The present disclosure will be described in detail below in connection with a specific
embodiment.

[0091] A heat exchanger includes a plurality of adjacent sheets. The adjacent sheets extend
parallel to onc another along the same direction. The adjacent sheets are connected to one

another at least at their peripheral edges or middle portions. Flow channels for fluid flow are
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formed between the adjacent sheets. An upper surface of each sheet is provided with a plurality
of raised peak lines that are arranged in parallel and spaced rows and raised upward, and a lower
surface of cach sheet is provided with a plurality of raised contour lines that are arranged in
parallel and spaced rows and raised downward. The raised peak lines and the raised contour lines
arranged in rows arc both connected by continuous peaks and valleys. Between adjacent two
sheets, the peaks of the raised contour lines are located between two valleys of the raised peak
lines, and the peaks of the raised contour lines and the two valleys of the raised peak lines are
staggered. A distance between the raised contour lines and the raised peak lines is d, a distance
between two adjacent peaks of the raised contour lines is L, a vertical distance between the peaks
of the raised contour lines and the valleys of the raised contour lines is H, an angle of the peaks
of the raised contour lines is 61, and an angle of the valleys of the raised peak lines is 52.

[0092] Between adjacent three sheets, the peaks of the raised contour lines are located between
two valleys of the raised peak lines, and the peaks of the raised contour lines and the two valleys
of the raised peak lines are staggered, so as to form a first flow channel and a second flow
channel. Fluid flows through the first flow channel along a first direction A and a second
direction, and fluid flows through the second flow channel along a first direction B and a third
direction. A convection is formed as the fluid passes through the first flow channel and the
second flow channel.

[0093] Sizes of heat exchangers as shown in embodiments 1 to 5 are set according to chart 1.

Chart 1 Size chart of heat exchanger

Item | Embodiment1 | Embodiment2 | Embodiment3 | Embodiment4 | Embodiment 5
d Imm 2mm 3mm 4mm 6mm
L 3mm Smm 8mm 10mm 15mm
H 3.5 mm 7 mm 10mm 17mm 25 mm
o1 46.4° 39.3° 43.6° 32.8° 33.4°
62 22° 25° 30° 40° 35°

[0094] Computer simulation of fluid velocity distribution is performed on the heat exchanger as
shown in embodiments 1 to 5, results of which are shown in FIG. 13 to FIG. 17. The heat
exchangers in the embodiments 1 to 3 have very uniform fluid velocity distributions. The heat
exchanger in the embodiment 4 has a relatively uniform fluid velocity distribution. Compared to
those in the embodiments 1 to 4, the heat exchanger in the embodiment 5 has a less uniform fluid
velocity distribution, which satisfies basic requirement.

[0095] The heat exchangers as shown in embodiments 1 to 5 arc subjected to exchange
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efficiency detection, experimental results of which are shown in chart 2.

Chart 2 Heat exchange effect chart of heat exchangers

Item Embodiment | Embodiment 2 | Embodiment | Embodiment | Embodiment
1 3 4 5

Temperature 82.1 614 51.2 39.1 30.1
exchange

efficiency

(%)

Humidity 52.8 50.4 38.8 282 20.6
exchange

efficiency

(%)

Enthalpy 60.1 53.2 41.9 30.9 23.0
(%)

Windage 284 8.5 42 2.6 12
(Pa)

[0096] The experimental results in chart 2 are based on the following experimental conditions:
an outdoor temperature 35°C, an outdoor humidity 28°C, an indoor temperature 27°C, an indoor
humidity 19.5°C, an air velocity 1m/s, and a projected heat exchange area of 20 square meters.
[0097] 1t should be noted that an experimental instrument used in the above experiment is an
energy recovery enthalpy difference chamber, and an experimental method refers to the standard
"GB/T 21087-2020", energy recovery ventilators for outdoor air handling.

[0098] The above humidity refers to a dew point temperature, which represents the temperature
at which the air is cooled to saturation with constant water vapor content and air pressure, and is
measured by a psychrometer.

[0099] The descriptions above are preferred implementations of the present disclosure. It should
be noted that for a person of ordinary skill in the art, various improvements and modifications
can be made without departing from the principles of the present disclosure. These
improvements and modifications should also be regarded as falling into the protection scope of

the present disclosure.
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CLAIMS:

1. A heat exchanger, comprising: a plurality of adjacent sheets, wherein the adjacent sheets
extend parallel to one another along the same direction;

the adjacent sheets are connected to one other at least at a part of their peripheral edges or
middle portions, and flow channels for fluid flow are formed between the adjacent sheets;

an upper surface of each sheet is provided with a plurality of raised peak lines that are
arranged in parallel and spaced rows and raised upward, and a lower surface of each sheet is
provided with a plurality of raised contour lines that are arranged in parallel and spaced rows and
raised downward, wherein the raised peak lines and the raised contour lines that are arranged in
rows are both connected by continuous peaks and valleys;

between adjacent three sheets, the peaks of the raised contour lines are located between two
valleys of the raised peak lines, and the peaks of the raised contour lines and the two valleys of
the raised peak lines are staggered, to form a first flow channel and a second flow channel;
wherein fluid flows through the first flow channel along a first direction and a second direction,
and fluid flows through the second flow channel along the first direction and a third direction, to
form a convection by the fluid flowing through the first flow channel and the second flow
channel; and

the first direction is arranged at an angle with respect to the second direction and the third

direction, and the second direction and the third direction are parallel and opposite to each other.

2. The heat exchanger according to claim 1, wherein the fluid flows through the first flow
channel along a first direction A, and the fluid flows through the second flow channel along a
first direction B, the first direction A is opposite to the first direction B, and at least two
convections are formed by the fluid flowing through the first flow channel and the second flow

channel.

3. The heat exchanger according to claim 1, wherein a trajectory formed by the fluid flowing
along the first direction is a curve, the curve having alternating peaks and valleys;

a trajectory formed by the fluid flowing along the second direction or the third direction is a
straight line, the second direction and the third direction being parallel and opposite to each other;
and

a horizontal angle between the first direction and the second direction, and between the first

direction and the third direction is o, and a is ranged from 30° to 90°.

4. The heat exchanger according to claim 3, wherein the trajectory formed by the fluid
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flowing along the first direction is a triangle wave, the triangle wave having alternating
triangular peaks and triangular valleys; and

the first direction is perpendicular to the second direction and the third direction.

5. The heat exchanger according to claim 1, wherein the peaks of the raised contour lines
extend into the valleys each between two raised peak lines, the peaks of the raised peak lines
extend into the valleys each between two raised contour lines, and the raised contour lines are

parallel to the raised peak lines.

6. The heat exchanger according to claim 5, wherein a distance between the raised contour
lines and the raised peak lines is d, and d is ranged from 0.5 mm to 5 mm;

a distance between adjacent two peaks of the raised contour lines is L, and L is ranged from
2 mm to 100 mm;

a vertical distance between the peaks of the raised contour lines and the valleys of the raised
contour lines is H, and H satisfies (H*H)/(L*L)>0.75; and

an angle of the peaks of the raised contour lines is 61, and an angle of the valleys of the
raised peak lines is 82, $1>20.5°, and §2>20.5°,

7. The heat exchanger according to claim 6, wherein d is ranged from 1 mm to 3mm, L is
ranged from 3 mm to 50 mm, H satisfies 1.25<(H*H)/(L*L)<6.6, 22°<61<60°, and 22°<52<60°.

8. The heat exchanger according to claim 1, wherein the peaks of the raised contour lines
extend into the valleys each between two raised peak lines, the peaks of the raised peak lines
extend into the valleys each between two raised contour lines, and an extension length is a
quarter to two-thirds of a depth of the valleys; and

peak tops of the raised contour lines are located on center lines of the valleys each between
two raised peak lines, and peak tops of the raised peak lines are located on center lines of the

valleys each between two raised contour lines.

9. The heat exchanger according to claim 1, wherein the sheets are provided with a plurality
of raised guiding strips on two sides of the raised peak lines arranged in rows; inner ends of the
raised guiding strips are joined to ends of the raised peak lines, outer edges of the sheets that are
located at outer ends of the raised guiding strips arc provided with openings, and the remaining

outer edges of the sheets are provided with ribs.
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10. The heat exchanger according to claim 9, wherein the raised guiding strips are arranged

at an included angle [ with the second direction or the third direction, and 0°<3<90°.

11. The heat exchanger according to claim 9, wherein the raised guiding strips of the

adjacent sheets are arranged at an included angle y, and 0°<y<180°.

12. The heat exchanger according to claim 1, wherein the sheets each have a microporous

structure, and a pore diameter of a micropore is ranged from 0.01 pm to 0.3 pm.

13. The heat exchanger according to claim 1, wherein the sheets each are provided with at
least one layer of polymer composite coating, the polymer composite coating having sclective

permeability to water molecules.
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FIG. 1
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FIG. 2
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FIG. 4
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FIG. 6

FIG. 7
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