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(54) MICRO-CHANNEL STRUCTURE FOR HEAT EXCHANGER, AND INTEGRATED TYPE MICRO-
CHANNEL HEAT EXCHANGER

(57) The present invention discloses a micro-chan-
nel structure for a heat exchanger, and an integrated type
micro-channel heat exchanger. The micro-channel struc-
ture is formed between multiple layers of heat exchange
plates (1) arranged in a stacked manner, with a plurality
of fin units (2) formed on the heat exchange plate (1), the
fin units (2) are arranged uniformly into a plurality of fin
unit groups (9) in the direction perpendicular to a flow
direction of fluid, and the fin unit groups (9) are arranged
in a staggered manner and spaced from one another by
a distance in the flow direction of the fluid; a rear end of
the fin unit (2) at the upstream side is arranged in an
intermediate position between two adjacent fin units (2)
at the downstream side; the fin unit (2) comprises at least
two fins (21), with the adjacent fins (21) spaced from each
other by a distance; and the fluid channels between the
adjacent fin units (2) and between the adjacent fins (21)
form the micro-channel structure. The integrated type mi-
cro-channel heat exchanger comprises multiple layers
of heat exchange plates (1) arranged in a stacked man-
ner, with the aforementioned micro-channel structure
formed between the heat exchange plates (1).
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Description

Technical Field

[0001] The present invention relates to a heat ex-
change apparatus for the purpose of heat exchange be-
tween two fluids, in particular, relates to a streamline type
micro-channel structure and an integrated type micro-
channel heat exchanger suitable for heat energy transfer
between water and a cooling agent.

Background of the Invention

[0002] Currently, in the technical field of heat exchang-
ers, micro-channel heat exchangers of small size, light
weight and high compactness now render a new direction
of research, development and application of heat ex-
changers
[0003] Almost all of the micro-channel heat exchang-
ers for a heat pump system of prior arts are configured
with flat aluminum tube section bars, in addition to inlets
and outlets of cooling agents and working fluids, and thus
are limited to branch-stream typed heat exchangers used
for heat exchange between a cooling agent and the air.
For instance, the micro-channel heat exchanger dis-
closed by Chinese Patent Literature CN102095285A is
one of the aforementioned branch-stream type heat ex-
changers. The flat tubes for heat exchange are aluminum
tube section bars, so they are of fixed dimensions. As
there are constraints with respect to selection of hydraulic
diameters of the micro-channels, it is difficult to get an
aluminum tube section bar which is suitable for optimized
heat design. Besides, limited by manufacture technology
of aluminum tube section bars, the wall thickness be-
tween the micro-channels are unable to be made into a
suitable dimension required for heat transfer (the wall is
required to be very thin), thus, the micro-channel heat
exchangers using flat tubes of aluminum tube section
bars cannot be a development direction of the micro-
channel heat exchanger technology.
[0004] With the development of micromachining tech-
nology, metal micro-channel heat exchangers machined
by lithography, chemical or photoelectric etching, dia-
mond cutting or wire-electrode cutting has become a new
technology development direction of the present techni-
cal field. For instance, the micro-channel heat exchang-
ers disclosed by Chinese Patent Literatures
CN101509736A and CN201973962U are this type of
heat exchangers. However, limited by machining and
molding technology, this type of heat exchangers has
disadvantages such as thick heat-exchange walls, incon-
venience of assembly, monotonous connection means
of inlets and outlets, etc. Wherein, the micro-channel heat
exchanger disclosed by CN101509736A is formed by
stacking heat-exchange units which comprise three lay-
ers including a cooling agent channel layer, a partition
board layer and a working fluid channel layer, and it is
required to machine three fluid channel layers of different

shapes and then to integrate them into a whole piece by
atomic diffusion, which has complicated assembly proc-
esses and higher processing costs. In the micro-channel
heat exchanger disclosed by CN201973962U, cooling
agent channels and working fluid channels are formed
between metal plates which have been stacked and
bound together, at least one of the two opposed surfaces
of adjacent metal plates is configured with alternately ar-
ranged cooling agent grooves and working fluid grooves,
after the metal plates are stacked and bound together,
the cooling agent grooves and working fluid grooves re-
spectively form cooling agent channels and working fluid
channels, and because the multiple layers of metal plates
are bound together by atomic diffusion, each binding in-
terface of the metal plates must have a width no less than
0.4mm in order to ensure overall binding strength of the
heat exchanger, which leads to that the heat-exchange
walls thereof are relatively thick and the heat-exchange
capacity thereof is not able to meet the requirements.
Most of micro-channel heat exchangers of prior arts, no
matter whether it is a flat aluminum tube type or a compact
type of micro-channel heat exchanger for heat exchange
between water and a cooling agent, have internal chan-
nels that are basically straight channels with square-
shaped or circular-shaped cross-sections. Although the
micro-channels of this type of heat exchangers are able
to enhance heat exchange, they cause increase of fluid
pressure loss, and this type of micro-channel structure
also does not take into consideration the influence of tur-
bulence on heat transfer enhancement.
[0005] U.S. Patent Literature US7334631B2 and Jap-
anese Patent Literature JP2006170549A both disclose
a micro-channel heat exchanger, wherein, micro-chan-
nels of this micro-channel heat exchanger are alternately
formed between multiple stacked layers of heat-ex-
change plates; a plurality of regularly arranged stream-
line type fins are provided on the heat-exchange plates;
and the micro-channels are formed between the fins.
Compared to heat exchangers with straight channels,
this type of heat exchangers has an increased forced
convection heat transfer coefficient as well as a reduced
fluid pressure loss, however, for such a configuration,
due to lack of micro structures which are able to facilitate
phase transition of condensation or evaporation, the heat
transfer performance still needs to be improved and the
fluid flow resistance still needs to be reduced.

Summary of the Invention

[0006] Therefore, an objective of the present invention
is to solve the problem that the micro-channel structure
of the heat exchangers of prior arts is not optimally de-
signed, causing relatively high fluid flow resistance and
relatively poor heat exchange capacity, thus the present
invention provides a micro-channel structure with a high
forced convection heat transfer coefficient as well as low
fluid flow resistance for a heat exchanger and an inte-
grated type micro-channel heat exchanger comprising
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the same.
[0007] In order to solve the above-mentioned technical
problem, in accordance with a first aspect of the present
invention, there is provided a micro-channel structure for
a heat exchanger, wherein, the micro-channel structure
is formed between multiple layers of heat exchange
plates arranged in a stacked manner, with a plurality of
fin units formed on the heat exchange plate, the fin units
are arranged uniformly into a plurality of fin unit groups
in the direction perpendicular to a flow direction of fluid,
and the fin unit groups are arranged in a staggered man-
ner and spaced from one another by a distance in the
flow direction of the fluid; a rear end of a fin unit at the
upstream side is arranged in an intermediate position
between two adjacent fin units at the downstream side;
the fin unit comprises at least two fins, with the adjacent
fins spaced from each other by a distance; and the fluid
channels between the adjacent fin units and between the
adjacent fins form the micro-channel structure.
[0008] In an embodiment of the above-mentioned mi-
cro-channel structure, an external contour of the fin unit
is rectilinear shaped or curvilinear shaped.
[0009] In an embodiment of the above-mentioned mi-
cro-channel structure, tilt directions of the adjacent fin
unit groups relative to the flow direction of the fluid are
opposite, and an intersection angle between each fin unit
thereof and the flow direction of the fluid is 45°≤α≤55°.
[0010] In an embodiment of the above-mentioned mi-
cro-channel structure, each two fin units adjacent along
the flow direction of the fluid constitute a fin unit subgroup,
with the two fin units thereof spaced from each other by
a distance of a≤2mm in the flow direction of the fluid and
by a distance of b≤2mm in the direction perpendicular to
the flow direction of the fluid; two adjacent fin unit sub-
groups are spaced apart by a distance that is ≥2a in the
flow direction of the fluid, and two adjacent fin unit sub-
groups are spaced apart by a distance that is ≥2b in the
direction perpendicular to the flow direction of the fluid.
[0011] In an embodiment of the above-mentioned mi-
cro-channel structure, the fin unit has a length of
L≤2.5mm in the flow direction of the fluid and a width of
h≤1.5mm in the direction perpendicular to the flow direc-
tion of the fluid, and the fin has a thickness of δ≤0.5mm.
[0012] In an embodiment of the above-mentioned mi-
cro-channel structure, the fins that form the fin unit in-
clude main edges which form an external contour of the
fin unit and sub edges which adjoin the main edges, the
sub edges of the adjacent fins are parallel to each other
and spaced from each other by a distance of
0.05mm≤t≤0.35mm, and an intersection angle between
each sub edge and the flow direction of the fluid is
0°≤β≤15°.
[0013] In an embodiment of the above-mentioned mi-
cro-channel structure, an external contour of the fin unit
is an S-shaped curve with a straight middle segment, and
the fin unit comprises a front fin, a rear fin and an inter-
mediate fin which is parallelogram shaped and is ar-
ranged between the front fin and the rear fin.

[0014] In an embodiment of the above-mentioned mi-
cro-channel structure, an external contour of the fin unit
is rectilinear shaped, and the fin unit comprises three
parallelogram-shaped fins, with a circular arc transition
segment at each obtuse angle of each of the parallelo-
gram-shaped fins.
[0015] In an embodiment of the above-mentioned mi-
cro-channel structure, the micro-channel structure com-
prises a diversion segment, a heat exchange segment
and a confluence segment arranged successively along
the flow direction of the fluid, and the adjacent fin units
of the diversion segment as well as those of the conflu-
ence segment are spaced apart by a larger distance in
the flow direction of the fluid than the adjacent fin units
of the heat exchange segment.
[0016] In an embodiment of the above-mentioned mi-
cro-channel structure, the fins on the heat exchange plate
are preferably formed by light etching molding.
[0017] In accordance with a second aspect of the
present invention, there is also provided an integrated
type micro-channel heat exchanger, wherein, comprising
multiple layers of heat exchange plates arranged in a
stacked manner, with a plurality of fin units formed on
the heat exchange plate, the fin units are arranged uni-
formly into a plurality of fin unit groups in the direction
perpendicular to a flow direction of a fluid, and the fin unit
groups are arranged in a staggered manner and spaced
from one another by a distance in the flow direction of
fluid; a rear end of a fin unit at the upstream side is ar-
ranged in an intermediate position between two adjacent
fin units at the downstream side; the fin unit comprises
at least two fins, with the adjacent fins spaced from each
other by a distance; the fluid channels between the ad-
jacent fin units and between the adjacent fins form a mi-
cro-channel structure; working fluid micro-channels and
cooling agent micro-channels are alternately arranged in
the direction perpendicular to a plate plane of the heat
exchange plates, wherein a diversion segment and an
inlet in communication with a fluid inflow pipeline are pro-
vided in the micro-channel structure at the upstream side
of the flowing fluid, and a confluence segment and an
outlet in communication with a fluid outflow pipeline are
provided in the micro-channel structure at the down-
stream side of the flowing fluid; the inlets and the outlets
of multiple layers of the working fluid micro-channels are
intercommunicated; and the inlets and the outlets of mul-
tiple layers of the cooling agent micro-channels are in-
tercommunicated.
[0018] In an embodiment of the above-mentioned in-
tegrated type micro-channel heat exchanger, the fins are
formed on one side of each heat exchange plate, and
the fin-side of a heat exchange plate and the plane-side
of another adjacent heat exchange plate are combined
to form the micro-channel structure.
[0019] In an embodiment of the above-mentioned in-
tegrated type micro-channel heat exchanger, the fins are
formed on one side of each heat exchange plate, and
the fin-sides of adjacent heat exchange plates are com-
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bined to form the micro-channel structure.
[0020] In an embodiment of the above-mentioned in-
tegrated type micro-channel heat exchanger, the fins are
formed on both sides of each heat exchange plate, with
fins on one side forming the working fluid micro-channels
and fins on the other side forming the cooling agent micro-
channels.
[0021] In an embodiment of the above-mentioned in-
tegrated type micro-channel heat exchanger, an external
contour of the fin unit is rectilinear shaped or curvilinear
shaped, and an intersection angle between each fin unit
and the flow direction of the fluid is 45°≤α≤55°.
[0022] In an embodiment of the above-mentioned in-
tegrated type micro-channel heat exchanger, an external
contour of the fin unit is an S-shaped curve with a straight
middle segment, and the fin unit comprises two fins which
are spaced from each other by a distance of
0.05mm≤t≤0.35mm; an intersection angle between each
intermediate edge of the fins and the flow direction of the
fluid is 0°≤β≤15°.
[0023] In an embodiment of the above-mentioned in-
tegrated type micro-channel heat exchanger, an external
contour of the fin unit is rectilinear shaped, and the fin
unit comprises three parallelogram-shaped fins, with a
circular arc transition segment at each obtuse angle of
each of the parallelogram-shaped fins.
[0024] In an embodiment of the above-mentioned in-
tegrated type micro-channel heat exchanger, the inlets
are respectively arranged at opposite lateral sides rela-
tive to the diversion segment, and the outlets are respec-
tively arranged at opposite lateral sides relative to the
confluence segment.
[0025] In an embodiment of the above-mentioned in-
tegrated type micro-channel heat exchanger, the fins on
the heat exchange plate are formed by light etching mold-
ing. In an embodiment of the above-mentioned integrated
type micro-channel heat exchanger, the multiple layers
of heat exchange plates are bound into a whole piece by
atomic diffusion.
[0026] Compared to the prior art, the aforementioned
technical solution of the present invention has the follow-
ing advantages:

(1) In the micro-channel structure of the present in-
vention, the fin unit comprises at least two fins, so
that, for micro-channels with the same length and
width, the micro-channels of the present invention
has a heat exchange area which is increased by
about 55% upon that of the straight channels and is
increased by 4.8%-7.5% upon that of the streamline
type micro-channels of prior arts; the configuration
of multiple fins within a fin unit increases its contact
area with the fluid, so as to form more evaporation
nuclei, which is more favorable for phase change
heat transfer of the cooling agent; besides, the con-
figuration of each discontinuous fin unit is able to
increase turbulence of the fluid, and for fluid condi-
tion of a low Reynolds number, such turbulence is

able to enhance heat exchange between the cooling
agent and the working fluid with less increase of the
fluid flow resistance. Therefore, for heat exchangers
with this type of micro-channel structure, the forced
convection heat transfer coefficient is greatly in-
creased, and the heat exchange capacity is en-
hanced.

(2) In the present invention, the fins that compose a
fin unit are spaced apart from each other, which fa-
cilitates dispersing as well as mixing of the fluid,
avoids vortex caused by continuous angled fold lines
as in the fluid micro-channels formed by gapless
streamline type fins of prior arts, and thus reduces
the fluid flow resistance.

(3) The fin unit of the present invention has an ex-
ternal contour which is rectilinear shaped or curvilin-
ear shaped, and is formed by light etching molding,
so that the heat-exchange walls between adjacent
micro-channels can be machined to a thickness less
than 0.12mm, and thus the heat passage capacity
of the heat exchanger is further increased. Further-
more, the fin-side of a heat exchange plate and the
plane-side of another adjacent heat exchange plate
are combined or the fin-sides of adjacent heat ex-
change plates are combined to form the micro-chan-
nel structure, which further reduces the heat-ex-
change wall thickness under the condition of ensur-
ing overall strength of the heat exchanger, and thus
the heat transfer ability of the heat exchanger is fur-
ther increased.

(4) In order to acquire the difference with fluid pres-
sure loss between the micro-channel structure of the
present invention and the micro-channel structure
with gapless fins of prior arts, the applicant carried
out a comparison experiment using the micro-chan-
nel structures of Embodiment 1 and 2 of the present
invention as well as the micro-channel structure
formed by gapless streamline type fins of prior arts,
and it can be seen from the test results in FIG. 13
that, the fluid pressure loss ΔP of the micro-channel
structure of the present invention is reduced, where-
in, the configuration of micro-channel structure of
Embodiment 1 has a fluid pressure loss ΔP which is
reduced by 30.8% upon that of the micro-channel
structure of prior arts, and the configuration of micro-
channel structure of Embodiment 2 has a fluid pres-
sure loss ΔP which is reduced by 40% upon that of
the micro-channel structure of prior arts.

(5) The integrated type micro-channel heat exchang-
er of the present invention consists of heat exchange
plates with working fluid micro-channels and heat
exchange plates with cooling agent micro-channels,
which only needs two types of heat exchange plates,
thus compared to the configuration of heat-ex-
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change units consisting of three layers of different
plates, because the plates needed are less and the
assembly process is simple, the manufacturing cost
is reduced.

(6) The integrated type micro-channel heat exchang-
er of the present invention is provided with two inlets
at opposite lateral sides relative to the diversion seg-
ment as well as two outlets at opposite lateral sides
relative to the confluence segment, and by this con-
figuration it is convenient for the user to select con-
necting pipelines according to different mounting po-
sitions.

Brief Description of the Drawings

[0027] The appended drawings constituting a part of
the present application are used for facilitating further
understanding of the present invention, and together with
the exemplary embodiments and their descriptions which
are used for explaining the present invention they do not
constitute improper restriction to the present invention.
In the appended drawings:

FIG. 1 shows an overall structural view of a micro-
channel structure for a heat exchanger of the present
invention;
FIG. 2 shows a structural view of relative positions
between fin units of Embodiment 1 of the present
invention;
FIG. 3 shows a structural view of a single fin unit of
Embodiment 1 of the present invention;
FIG. 4 shows a structural view of relative positions
between fin units of Embodiment 2 of the present
invention;
FIG. 5 shows a structural view of a single fin unit of
Embodiment 2 of the present invention;
FIG. 6 shows a stereogram of an integrated type
micro-channel heat exchanger of the present inven-
tion;
FIG. 7 shows a structural view of a heat exchange
plate forming the cooling agent channel layer of the
integrated type micro-channel heat exchanger of the
present invention;
FIG. 8 shows a structural view of a heat exchange
plate forming the working fluid channel layer of the
integrated type micro-channel heat exchanger of the
present invention;
FIG. 9 shows a structural view of relative positions
between fin units of Embodiment 4 of the present
invention;
FIG. 10 shows a structural view of a single fin unit
of Embodiment 4 of the present invention;
FIG. 11 shows a structural view of relative positions
between fin units of Embodiment 5 of the present
invention;
FIG. 12 shows a structural view of a single fin unit
of Embodiment 5 of the present invention; and

FIG. 13 shows a comparison chart of performances
of micro-channel structures of the present invention
and of the prior art.

[0028] The marking numerals in the drawings are in-
dicated as follows:

1-heat exchange plate, 2-fin unit, 21-fin, 211-front
fin, 212-intermediate fin, 213-rear fin, 214-main
edge, 215-sub edge, 3-fin unit subgroup, 4-diversion
segment, 5-confluence segment, 6-heat exchange
segment, 7-inlet, 8-outlet, 9-fin unit group

Detailed Description of Embodiments

[0029] The technical solution of the present invention
is described in details bellow, in conjunction with specific
embodiments of the present invention. The following spe-
cific embodiments are only to be considered as illustra-
tive and not restrictive for the present invention, the em-
bodiments of the present invention and the technical fea-
tures therein may be combined with one another, and
the present invention may be implemented in various
ways that are limited and covered by the claims.

Embodiment 1

[0030] FIG. 1 shows a novel micro-channel structure
for a heat exchanger of the present invention, wherein,
the micro-channel structure is formed between multiple
layers of heat exchange plates 1 arranged in a stacked
manner, with a plurality of fin units 2 formed on the heat
exchange plate 1, the fin units 2 are arranged uniformly
into a plurality of fin unit groups 9 in the direction perpen-
dicular to a flow direction of fluid, and the fin unit groups
9 are arranged in a staggered manner and spaced from
one another by a distance in the flow direction of the fluid;
and a rear end of a fin unit 2 at the upstream side is
arranged in an intermediate position between two adja-
cent fin units 2 at the downstream side. The intermediate
position mentioned in the present invention refers to any
position between the two adjacent fin units 2 at the down-
stream side, including the case that the rear end of the
fin unit 2 at the upstream side extends into an inside
position between the two adjacent fin units 2 at the down-
stream side, as well as the case that the rear end of the
fin unit 2 at the upstream side stays at an outside position
between the two adjacent fin units 2 at the downstream
side. The fin unit 2 comprises at least two fins 21, with
the adjacent fins 21 spaced from each other by a dis-
tance; and the fluid channels between the adjacent fin
units 2 and between the adjacent fins 21 form the micro-
channel structure. Therefore, the heat exchange area of
the micro-channel structure for a heat exchanger of the
present invention is greatly increased upon the heat ex-
change area of micro-channel structures of prior arts.
[0031] The fluid flow direction is shown by Direction V
in FIG. 1 which indicates a direction from the entrance
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to the exit of the micro-channel structure.
[0032] An external contour of the fin unit 2 is curvilinear
shaped, specifically in this embodiment, the external con-
tour of the fin unit 2 is an S-shaped curve with a straight
middle segment, as shown in FIG. 2 and FIG. 3, it com-
prises a front fin 211, a rear fin 213 and an intermediate
fin 212 which is parallelogram shaped and is arranged
between the front fin 211 and the rear fin 212. Tilt direc-
tions of the adjacent fin unit groups 9 relative to the flow
direction of the fluid are opposite, and an intersection
angle between each fin unit 2 thereof and the flow direc-
tion of the fluid is α=50°.
[0033] As shown in FIG. 2, each two fin units 2 adjacent
along the flow direction of the fluid constitute a fin unit
subgroup 3, wherein, the two fin units 2 thereof are
spaced from each other by a distance of a=2mm in the
flow direction of the fluid and by a distance of b=1 mm in
the direction perpendicular to the flow direction of the
fluid; two adjacent fin unit subgroups 3 are spaced apart
by a distance of 4mm in the flow direction of the fluid,
and two adjacent fin unit subgroups 3 are spaced apart
by a distance of 2mm in the direction perpendicular to
the flow direction of the fluid.
[0034] As shown in FIG. 3, the fin unit 2 has a length
of L=2.5mm in the flow direction of the fluid and a width
of h=1.5mm in the direction perpendicular to the flow di-
rection of the fluid, and the fin has a thickness of
δ=0.35mm.
[0035] Each of the fins 21 that form the fin unit 2 include
main edges 214 which form an external contour of the
fin unit and sub edges 215 which adjoin the main edges
214, the sub edges 215 of the adjacent fins 21 are parallel
to each other and spaced from each other by a distance
of t=0.35mm, and an intersection angle between each
sub edge 215 and the flow direction of the fluid is β=15°.
[0036] The micro-channel structure comprises a diver-
sion segment 4, a heat exchange segment 6 and a con-
fluence segment 5 arranged successively along the flow
direction of the fluid, and the adjacent fin units 2 of the
diversion segment 4 as well as those of the confluence
segment 5 are spaced apart by a larger distance in the
flow direction of the fluid than the adjacent fin units 2 of
the heat exchange segment 6. The fluid flows into each
single plate layer through the entrance segment, enters
the diversion segment where it is dispersed uniformly,
undergoes heat exchange in the heat exchange seg-
ment, enters the confluence segment to converge, and
then flows out through the exit segment.
[0037] The fins 21 on the heat exchange plate 1 are
formed by light etching molding.

Embodiment 2

[0038] FIG. 4 and FIG. 5 show another micro-channel
structure of the present invention which is substantially
consistent with the micro-channel structure of Embodi-
ment 1, except for the difference with the shape of the
fin unit.

[0039] An external contour of the fin unit 2 is rectilinear
shaped, specifically in this embodiment, the shown fin
unit 2 comprises three parallelogram-shaped fins 21, with
a circular arc transition segment at each obtuse angle of
each of the parallelogram-shaped fins 21. Such a micro-
channel structure avoids vortex that is formed by contin-
uous streamline, so as to reduce the fluid pressure loss
caused by flow resistance. An intersection angle between
the fin unit 2 and the flow direction of the fluid is a=45°.
[0040] Wherein, as shown in FIG. 4, two adjacent fin
units 2 are spaced from each other by a distance of a=1
mm in the flow direction of the fluid and by a distance of
b=2mm in the direction perpendicular to the flow direction
of the fluid; two adjacent fin unit subgroups 3 are spaced
apart by a distance of 3mm in the flow direction of the
fluid, and two adjacent fin unit subgroups 3 are spaced
apart by a distance of 5mm in the direction perpendicular
to the flow direction of the fluid.
[0041] As shown in FIG. 5, the fin unit 2 has a length
of L=2.3mm in the flow direction of the fluid and a width
of h=1.3mm in the direction perpendicular to the flow di-
rection of the fluid, and the fin has a thickness of
δ=0.5mm.
[0042] The sub edges 215 of the adjacent fins 21 are
spaced from each other by a distance of t=0.2mm, and
an intersection angle between each sub edge 215 and
the flow direction of the fluid is β=10°.

Embodiment 3

[0043] The micro-channel structure of this embodi-
ment is substantially consistent with Embodiment 2, ex-
cept for the difference with the arranged positions and
dimension parameters of the fins.
[0044] Wherein, as shown in FIG. 4, an intersection
angle between the fin unit 2 and the flow direction of the
fluid is α=55°. Two adjacent fin units 2 are spaced from
each other by a distance of a=1.5mm in the flow direction
of the fluid and by a distance of b=1.5mm in the direction
perpendicular to the flow direction of the fluid; two adja-
cent fin unit subgroups 3 are spaced apart by a distance
of 3mm in the flow direction of the fluid, and two adjacent
fin unit subgroups 3 are spaced apart by a distance of
4mm in the direction perpendicular to the flow direction
of the fluid.
[0045] As shown in FIG. 5, the fin unit 2 has a length
of L=2mm in the flow direction of the fluid and a width of
h=1 mm in the direction perpendicular to the flow direction
of the fluid, and the fin has a thickness of δ=0.25mm.
[0046] The sub edges 215 of the adjacent fins 21 are
spaced from each other by a distance of t=0.05mm, and
an intersection angle between each sub edge 215 and
the flow direction of the fluid is β=0°.
[0047] In other embodiments, according to different
design requirements, the fin unit 2 of the present inven-
tion might alternatively comprise two, four or more of the
fins 21. Moreover, the curvilinear shape of the external
contour of the fin unit might alternatively be a part of a
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sinusoidal curve, a circle, an ellipse or a parabola curve.

Embodiment 4

[0048] FIG. 6 shows an integrated type micro-channel
heat exchanger of the present invention which comprises
multiple layers of heat exchange plates 1 arranged in a
stacked manner, with a plurality of fin units 2 formed on
the heat exchange plate 1, the fin units 2 are arranged
uniformly into a plurality of fin unit groups 9 in the direction
perpendicular to a flow direction of a fluid, and the fin unit
groups 9 are arranged in a staggered manner and spaced
from one another by a distance in the flow direction of
fluid; a rear end of a fin unit 2 at the upstream side is
arranged in an intermediate position between two adja-
cent fin units 2 at the downstream side. The intermediate
position mentioned in the present invention refers to any
position between the two adjacent fin units 2 at the down-
stream side, including the case that the rear end of the
fin unit 2 at the upstream side extends into an inside
position between the two adjacent fin units 2 at the down-
stream side, as well as the case that the rear end of the
fin unit 2 at the upstream side stays at an outside position
between the two adjacent fin units 2 at the downstream
side. The fin unit 2 comprises at least two fins 21, with
the adjacent fins 21 spaced from each other by a dis-
tance; the fluid channels between the adjacent fin units
2 and between the adjacent fins 21 form a micro-channel
structure. Therefore, the heat exchange area of the mi-
cro-channel structure for the heat exchanger of the
present invention is greatly increased upon the heat ex-
change area of micro-channel structures of prior arts.
Working fluid (Fluid B in FIG. 6) micro-channels and cool-
ing agent (Fluid A in FIG. 6) micro-channels are alter-
nately arranged in the direction perpendicular to a plate
plane of the heat exchange plates 1, wherein a diversion
segment 4 and an inlet 7 in communication with a fluid
inflow pipeline are provided in the micro-channel struc-
ture at the upstream side of the flowing fluid, and a con-
fluence segment 5 and an outlet 8 in communication with
a fluid outflow pipeline are provided in the micro-channel
structure at the downstream side of the flowing fluid; the
inlets 7 and the outlets 8 of multiple layers of the working
fluid micro-channels are intercommunicated; and the in-
lets 7 and the outlets 8 of multiple layers of the cooling
agent micro-channels are intercommunicated.
[0049] The fluid flow direction is shown by Direction V
in FIG. 7 which indicates a direction from the entrance
to the exit of the micro-channel structure.
[0050] In this embodiment, the fins 21 are formed on
one side of each heat exchange plate 1, and the fin-side
of a heat exchange plate 1 and the plane-side of another
adjacent heat exchange plate 1 are combined to form
the micro-channel structure. The heat exchange plate 1
are formed by light etching molding, and adjacent heat
exchange plates 1 are bound into a whole piece by atomic
diffusion. FIG. 7 shows the heat exchange plate 1 of a
cooling agent channel layer thereof, and FIG. 8 shows

the heat exchange plate 1 of a working fluid channel layer
thereof. Wherein, the inlets 7 of the working fluid channel
layer are respectively arranged at opposite lateral sides
relative to the diversion segment 4, and the outlets 8 of
the working fluid channel layer are respectively arranged
at opposite lateral sides relative to the confluence seg-
ment 5, so as to accommodate mounting location require-
ment of different pipelines.
[0051] An external contour of the fin unit 2 is curvilinear
shaped, specifically in this embodiment, the external con-
tour of the fin unit 2 is an S-shaped curve with a straight
middle segment, as shown in FIG. 9 and FIG. 10, the fin
unit 2 comprises two fins 21 which are spaced from each
other by a distance of t=0.35mm, and an intersection an-
gle between each intermediate edge of the fins 21 and
the flow direction of the fluid is β=15°.
[0052] Tilt directions of the adjacent fin unit groups 9
relative to the flow direction of the fluid are opposite, and
an intersection angle between each fin unit 2 thereof and
the flow direction of the fluid is α=55°.
[0053] As shown in FIG. 9, each two fin units 2 adjacent
along the flow direction of the fluid constitute a fin unit
subgroup 3, wherein, the two fin units 2 thereof are
spaced from each other by a distance of a=2mm in the
flow direction of the fluid and by a distance of b=1 mm in
the direction perpendicular to the flow direction of the
fluid; two adjacent fin unit subgroups 3 are spaced apart
by a distance of 4mm in the flow direction of the fluid,
and two adjacent fin unit subgroups 3 are spaced apart
by a distance of 2mm in the direction perpendicular to
the flow direction of the fluid.
[0054] As shown in FIG. 10, the fin unit 2 has a length
of L=2.5mm in the flow direction of the fluid and a width
of h=1.5mm in the direction perpendicular to the flow di-
rection of the fluid, and the fin has a thickness of
δ=0.5mm.
[0055] Each of the two fluids flowing through the inte-
grated type micro-channel heat exchanger has a flow
direction at the entrance segment or at the exit segment
which is perpendicular to its flow direction in the heat
exchange segment. The cooling agent fluid flows in
through its inlet 7, undergoes dispersion in its diversion
segment 4 and is then dispersed into the inner cavity of
the heat exchange plate 1 with micro-channels for cooling
agent fluid; the working fluid flows in through its inlet 7,
undergoes dispersion in its diversion segment 4 and is
then dispersed into the inner cavity of the heat exchange
plate 1 with micro-channels for working fluid; these two
fluids undergo heat exchange in the heat exchange seg-
ments 6, respectively converge in the confluence seg-
ments 5 for respective fluid and then flow out respectively
through the outlet 8 for cooling agent fluid and the outlet
8 for working fluid. The inlet for working fluid and the
outlet for working fluid on the other lateral side are re-
served as spare, for adaption of different ways of con-
nection.
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Embodiment 5

[0056] The integrated type micro-channel heat ex-
changer of this embodiment is substantially consistent
with Embodiment 4, except for the difference with the
shape of the fin unit.
[0057] An external contour of the fin unit 2 of this em-
bodiment is rectilinear shaped, and an intersection angle
between each fin unit and the flow direction of the fluid
is α=45°. Specifically in this embodiment, the fin unit 2
comprises three parallelogram-shaped fins 21, with a cir-
cular arc transition segment at each obtuse angle of each
of the parallelogram-shaped fins 21. Such a micro-chan-
nel structure avoids vortex that is formed by continuous
streamline, so as to reduce the fluid pressure loss caused
by flow resistance.
[0058] Wherein, as shown in FIG. 11, two adjacent fin
units 2 are spaced from each other by a distance of a=1
mm in the flow direction of the fluid and by a distance of
b=0.5mm in the direction perpendicular to the flow direc-
tion of the fluid; two adjacent fin unit subgroups 3 are
spaced apart by a distance of 3mm in the flow direction
of the fluid, and two adjacent fin unit subgroups 3 are
spaced apart by a distance of 2mm in the direction per-
pendicular to the flow direction of the fluid.
[0059] As shown in FIG. 12, the fin unit 2 has a length
of L=2.3mm in the flow direction of the fluid and a width
of h=1.3mm in the direction perpendicular to the flow di-
rection of the fluid, and the fin has a thickness of
δ=0.5mm. The sub edges of the adjacent fins 21 are
spaced from each other by a distance of t=0.2mm, and
an intersection angle between each sub edge and the
flow direction of the fluid is β=10°.

Embodiment 6

[0060] The integrated type micro-channel heat ex-
changer of this embodiment is substantially consistent
with Embodiment 5, except for the difference with the
arranged positions and dimension parameters of the fins.
[0061] Wherein, as shown in FIG. 11, an intersection
angle between the fin unit 2 and the flow direction of the
fluid is α=55°. Two adjacent fin units 2 are spaced from
each other by a distance of a=1.5mm in the flow direction
of the fluid and by a distance of b=1.5mm in the direction
perpendicular to the flow direction of the fluid; two adja-
cent fin unit subgroups 3 are spaced apart by a distance
of 3mm in the flow direction of the fluid, and two adjacent
fin unit subgroups 3 are spaced apart by a distance of
4mm in the direction perpendicular to the flow direction
of the fluid.
[0062] As shown in FIG. 12, the fin unit 2 has a length
of L=2mm in the flow direction of the fluid and a width of
h=1 mm in the direction perpendicular to the flow direction
of the fluid, and the fin has a thickness of δ=0.25mm. The
sub edges of the adjacent fins 21 are spaced from each
other by a distance of t=0.05mm, and an intersection an-
gle between each sub edge and the flow direction of the

fluid is β=0°.
[0063] In other embodiments, according to different
design requirements, a fin unit 2 of the present invention
might alternatively comprise four or more of the fins 21.
Moreover, the curvilinear shape of the external contour
of the fin unit might alternatively be a part of a sinusoidal
curve, a circle, an ellipse or a parabola curve.
[0064] In other embodiments, the fins 21 might alter-
natively be formed on one side of each heat exchange
plate 1, the fin-sides of adjacent heat exchange plates 1
are combined to form the micro-channel structure for one
fluid, and the micro-channel structure for the other fluid
is also formed on the heat exchange plates at the com-
bined fin-sides. The two kinds of fluid micro-channels are
alternately arranged to form the heat exchanger.
[0065] In other embodiments, the fins 21 might alter-
natively be formed on both sides of each heat exchange
plate 1, with fins 21 on one side forming the working fluid
micro-channels and fins 21 on the other side forming the
cooling agent micro-channels. Multiple layers of the heat
exchange plates 1 are stacked to form the heat exchang-
er.
[0066] In other embodiments, for adaption of different
ways of connection, the inlets 7 of the cooling agent chan-
nel layer are respectively arranged at opposite lateral
sides relative to the diversion segment 4, and the outlets
8 of the cooling agent channel layer are respectively ar-
ranged at opposite lateral sides relative to the confluence
segment 5.
[0067] The aforementioned embodiments are merely
some preferred embodiments of the present invention
which are not intended for restricting the present inven-
tion. For those skilled in the art, various changes and
modifications can be made to the present invention. With-
in the spirit and scope of the present invention, any
changes, equivalent alternatives, and modifications are
intended to be embraced within the protection scope of
the present invention.

Claims

1. A micro-channel structure for a heat exchanger,
characterized in that, the micro-channel structure
is formed between multiple layers of heat exchange
plates (1) arranged in a stacked manner, with a plu-
rality of fin units (2) formed on the heat exchange
plate (1), the fin units (2) are arranged uniformly into
a plurality of fin unit groups (9) in the direction per-
pendicular to a flow direction of fluid, and the fin unit
groups (9) are arranged in a staggered manner and
spaced from one another by a distance in the flow
direction of the fluid; a rear end of a fin unit (2) at the
upstream side is arranged in an intermediate position
between two adjacent fin units (2) at the downstream
side; the fin unit (2) comprises at least two fins (21),
with the adjacent fins (21) spaced from each other
by a distance; and the fluid channels between the
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adjacent fin units (2) and between the adjacent fins
(21) form the micro-channel structure.

2. The micro-channel structure of claim 1, character-
ized in that, an external contour of the fin unit (2) is
rectilinear shaped or curvilinear shaped.

3. The micro-channel structure of claim 1 or 2, char-
acterized in that, tilt directions of the adjacent fin
unit groups (9) relative to the flow direction of the
fluid are opposite, and an intersection angle between
each fin unit (2) thereof and the flow direction of the
fluid is 45°≤α≤55°.

4. The micro-channel structure of any of claims 1-3,
characterized in that, each two fin units (2) adjacent
along the flow direction of the fluid constitute a fin
unit subgroup (3), with the two fin units (2) thereof
spaced from each other by a distance of a≤2mm in
the flow direction of the fluid and by a distance of
b≤2mm in the direction perpendicular to the flow di-
rection of the fluid; two adjacent fin unit subgroups
(3) are spaced apart by a distance that is ≥2a in the
flow direction of the fluid, and two adjacent fin unit
subgroups (3) are spaced apart by a distance that
is ≥2b in the direction perpendicular to the flow di-
rection of the fluid.

5. The micro-channel structure of any of claims 1-4,
characterized in that, the fin unit (2) has a length
of L≤2.5mm in the flow direction of the fluid and a
width of h≤1.5mm in the direction perpendicular to
the flow direction of the fluid, and the fin (21) has a
thickness of δ≤0.5mm.

6. The micro-channel structure of any of claims 1-5,
characterized in that, the fins (21) that form the fin
unit (2) include main edges (214) which form an ex-
ternal contour of the fin unit (2) and sub edges (215)
which adjoin the main edges (214), the sub edges
(215) of the adjacent fins (21) are parallel to each
other and spaced from each other by a distance of
0.05mm≤t≤0.35mm, and an intersection angle be-
tween each sub edge (215) and the flow direction of
the fluid is 0°≤β≤15°.

7. The micro-channel structure of any of claims 1-6,
characterized in that, an external contour of the fin
unit (2) is an S-shaped curve with a straight middle
segment, and the fin unit (2) comprises a front fin
(211), a rear fin (213) and an intermediate fin (212)
which is parallelogram shaped and is arranged be-
tween the front fin (211) and the rear fin (213).

8. The micro-channel structure of any of claims 1-6,
characterized in that, an external contour of the fin
unit (2) is rectilinear shaped, and the fin unit (2) com-
prises three parallelogram-shaped fins (21), with a

circular arc transition segment at each obtuse angle
of each of the parallelogram-shaped fins (21).

9. The micro-channel structure of any of claims 1-8,
characterized in that, the micro-channel structure
comprises a diversion segment (4), a heat exchange
segment (6) and a confluence segment (5) arranged
successively along the flow direction of the fluid, and
the adjacent fin units (2) of the diversion segment
(4) as well as those of the confluence segment (5)
are spaced apart by a larger distance in the flow di-
rection of the fluid than the adjacent fin units (2) of
the heat exchange segment (6).

10. The micro-channel structure of any of claims 1-9,
characterized in that, the fins (21) on the heat ex-
change plate (1) are formed by light etching molding.

11. An integrated type micro-channel heat exchanger,
characterized in that, comprising multiple layers of
heat exchange plates (1) arranged in a stacked man-
ner, with a plurality of fin units (2) formed on the heat
exchange plate (1), the fin units (2) are arranged
uniformly into a plurality of fin unit groups (9) in the
direction perpendicular to a flow direction of a fluid,
and the fin unit groups (9) are arranged in a stag-
gered manner and spaced from one another by a
distance in the flow direction of fluid; a rear end of a
fin unit (2) at the upstream side is arranged in an
intermediate position between two adjacent fin units
(2) at the downstream side; the fin unit (2) comprises
at least two fins (21), with the adjacent fins (21)
spaced from each other by a distance; the fluid chan-
nels between the adjacent fin units (2) and between
the adjacent fins (21) form a micro-channel structure;
working fluid micro-channels and cooling agent mi-
cro-channels are alternately arranged in the direc-
tion perpendicular to a plate plane of the heat ex-
change plates (1), wherein a diversion segment (4)
and an inlet (7) in communication with a fluid inflow
pipeline are provided in the micro-channel structure
at the upstream side of the flowing fluid, and a con-
fluence segment (5) and an outlet (8) in communi-
cation with a fluid outflow pipeline are provided in
the micro-channel structure at the downstream side
of the flowing fluid; the inlets (7) and the outlets (8)
of multiple layers of the working fluid micro-channels
are intercommunicated; and the inlets (7) and the
outlets (8) of multiple layers of the cooling agent mi-
cro-channels are intercommunicated.

12. The integrated type micro-channel heat exchanger
of claim 11, characterized in that, the fins (21) are
formed on one side of each heat exchange plate (1),
and the fin-side of a heat exchange plate (1) and the
plane-side of another adjacent heat exchange plate
(1) are combined to form the micro-channel struc-
ture.
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13. The integrated type micro-channel heat exchanger
of claim 11, characterized in that, the fins (21) are
formed on one side of each heat exchange plate (1),
and the fin-sides of adjacent heat exchange plates
(1) are combined to form the micro-channel struc-
ture.

14. The integrated type micro-channel heat exchanger
of claim 11, characterized in that, the fins (21) are
formed on both sides of each heat exchange plate
(1), with fins (21) on one side forming the working
fluid micro-channels and fins (21) on the other side
forming the cooling agent micro-channels.

15. The integrated type micro-channel heat exchanger
of any of claims 11-14, characterized in that, an
external contour of the fin unit (2) is rectilinear
shaped or curvilinear shaped, and an intersection
angle between each fin unit (2) and the flow direction
of the fluid is 45°≤α≤55°.

16. The integrated type micro-channel heat exchanger
of any of claims 11-15, characterized in that, an
external contour of the fin unit (2) is an S-shaped
curve with a straight middle segment, and the fin unit
(2) comprises two fins (21) which are spaced from
each other by a distance of 0.05mm≤t≤0.35mm; an
intersection angle between each intermediate edge
(215) of the fins (21) and the flow direction of the
fluid is 0°≤β≤15°.

17. The integrated type micro-channel heat exchanger
of any of claims 11-15, characterized in that, an
external contour of the fin unit (2) is rectilinear
shaped, and the fin unit (2) comprises three paral-
lelogram-shaped fins (21), with a circular arc transi-
tion segment at each obtuse angle of each of the
parallelogram-shaped fins (21).

18. The integrated type micro-channel heat exchanger
of any of claims 11-17, characterized in that, the
inlets (7) are respectively arranged at opposite lat-
eral sides relative to the diversion segment (4), and
the outlets (8) are respectively arranged at opposite
lateral sides relative to the confluence segment (5).

19. The integrated type micro-channel heat exchanger
of any of claims 11-18, characterized in that, the
fins (21) on the heat exchange plate (1) are formed
by light etching molding.

20. The integrated type micro-channel heat exchanger
of any of claims 11-19, characterized in that, the
multiple layers of heat exchange plates (1) are bound
into a whole piece by atomic diffusion.
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