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(54) MICRO-CHANNEL HEAT EXCHANGER AND HEAT PUMP SYSTEM HAVING THE SAME

(57) The present invention proposes a micro-chan-
nel heat exchanger (100). The micro-channel heat ex-
changer comprises: a first manifold (110) and a second
manifold (120); a plurality of micro-channel flat tubes
(130), sequentially connected from top to bottom be-
tween the first manifold and the second manifold; and a
plurality of heat exchange fins (140), spaced at a prede-
termined distance from each other and formed with tube
holes for the plurality of micro-channel flat tubes to pass
through, wherein the plurality of heat exchange fins are
provided with heat dissipation structures (150) for in-
creasing the heat exchange area, where the heat dissi-
pation structures are located above the micro-channel
flattube, and a drainage groove (16) is arranged vertically
at the same side of the plurality of heat exchange fins,
wherein, a portion of at least one heat exchange fin of
the plurality of heat exchange fins below the bottommost
micro-channel flat tube is provided with a guiding struc-
ture (170) for guiding water droplets condensed on the
surface of the at least one heat exchange fin to the drain-
age groove. The present invention also proposes a heat
pump system configured with the micro-channel heat ex-
changer. The micro-channel heat exchanger according
to the present invention can effectively prevent accumu-
lation of condensed water at the bottom of the heat ex-
change fins.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to the technical
field of heat exchange, in particular to a micro-channel
heat exchanger, and further to a heat pump system con-
figured with the micro-channel heat exchanger.

BACKGROUND OF THE INVENTION

[0002] Micro-Channel Heat Exchanger (MCHE) is a
heat exchanger with a channel having an equivalent di-
ameter ranging from 10 to 1000 wm. This kind of heat
exchanger has dozens of fine flow channels inside its flat
tube. Both ends of the flat tube are connected to a cylin-
drical manifold, where a partition is arranged inside the
manifold to separate the flow channel of the micro-chan-
nel heat exchanger into several flow paths.

[0003] As shown in FIGS. 1 and 2, a micro-channel
heat exchanger 10 typically includes an inlet manifold
11, an outlet manifold 12, a plurality of flat tubes 13 in
connection with these manifolds, and a plurality of heat
exchange fins 14. Each flat tube 13 has micro-channels
or small paths for refrigerant, such as gas, liquid, or gas-
liquid two-phase fluid, to pass through. During the oper-
ation of the micro-channel heat exchanger 10, the refrig-
erant first enters the inlet manifold 11 through the inlet
of the inlet manifold 11, and then flows through the flat
tube 13. When flowing inside the flat tube, the refrigerant
exchanges heat with the fluid outside the flat tube 13,
such as the ambient air. After heat exchange with the
external fluid, the refrigerant leaves the flat tube 13 and
enters the outlet manifold 12, and then leaves the outlet
manifold 12 through the outlet of the outlet manifold 12.
In ordertoincrease the heatexchange area, an additional
heat dissipation structure 15, such as a louver structure,
is usually added to the surface of the heat exchange fin
14. When the micro-channel heat exchanger 10 operates
as an evaporator, the surface temperature of the heat
exchange fin 14 is lower than the dew point temperature
of the ambient air, so the water vapor contained in the
air will precipitate from the surface of the heat exchange
fin 14. Due to gravity, water droplets gradually flow to the
bottom of the heat exchange fins 14. As the heat ex-
change fins are arranged together, an extremely narrow
channel is formed between the louver structures of two
adjacent heat exchange fins, causing water droplets to
gradually accumulate at the bottom of the heat exchange
fins and unable to flow to the drainage groove 16 on one
side of the heat exchange fins, resulting in poor drainage
of the heat exchange fins, which leads to significant deg-
radation of the performance of the micro-channel heat
exchanger.

SUMMARY OF THE INVENTION

[0004] In view of the above, the present invention pro-
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vides a micro-channel heat exchanger, so as to solve or
atleast alleviate one or more of the aforementioned prob-
lems and problems in other aspects existing in the prior
art, or to provide an alternative technical solution for the
prior art.

[0005] According to a first aspect of the present inven-
tion, a micro-channel heat exchanger is provided, com-
prising:

a first manifold and a second manifold, wherein the
first manifold and the second manifold are spaced
apart;

a plurality of micro-channel flat tubes, sequentially
connected from top to bottom between the first man-
ifold and the second manifold; and

a plurality of heat exchange fins, spaced at a prede-
termined distance from each other and formed with
tube holes for the plurality of micro-channelflat tubes
to pass through, wherein the plurality of heat ex-
change fins are provided with heat dissipation struc-
tures for increasing heat exchange area, where the
heat dissipation structures are located above the mi-
cro-channel flat tube, and a drainage groove is ar-
ranged vertically at the same side of the plurality of
heat exchange fins,

wherein, a portion of at least one heat exchange fin
of the plurality of heat exchange fins below the bot-
tommost micro-channel flat tube is provided with a
guiding structure for guiding water droplets con-
densed on the surface of the at least one heat ex-
change fin to the drainage groove.

[0006] The portion of each of the plurality of heat ex-
change fins below the bottommost micro-channel flat
tube may be provided with a guiding structure, and the
guiding structure may have smooth planes on both sides.
[0007] The guiding structure may be the lower surface
of the bottommaost micro-channel flat tube.

[0008] The area of the portions of the plurality of heat
exchange fins below the bottommost micro-channel flat
tube may gradually increase towards the side of the drain-
age groove.

[0009] The bottom of the guiding structure may have
a bent, curved, linear or non-linear contour.

[0010] The heatdissipation structure forincreasing the
heat exchange area may be at least one of a strip struc-
ture, a corrugated structure, a staggered teeth structure,
a louver structure, a structure with openings, a structure
with protrusions, or a structure with grooves on the sur-
face.

[0011] The plurality of heat exchange fins may be of
the same size and shape, and may be spaced apart from
each other at the same distance.

[0012] The plurality of heat exchange fins may be
made of aluminum alloy.
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[0013] The micro-channel heat exchanger may be a
condenser or an evaporator.

[0014] According to a second aspect of the present
invention, a heat pump system comprising the aforemen-
tioned micro-channel heat exchanger is provided.
[0015] It can be appreciated that the micro-channel
heat exchanger of the present invention adopts a spe-
cially designed guiding structure, which can ensure heat
exchange efficiency while preventing accumulation of
condensed water on the heat exchange fins, thereby im-
proving the overall performance of the micro-channel
heat exchanger.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The technical solution of the present invention
will be described in further detail below in conjunction
with the accompanying drawings and embodiments.
However, it should be noted that these drawings are only
designed for explanatory purposes and are intended to
conceptually illustrate the structure described herein,
without the need to be drawn proportionally.

FIG. 1 shows a structural schematic diagram of a
micro-channel heat exchanger of the prior art;

FIG. 2 shows a local schematic diagram of a heat
exchange fin of the micro-channel heat exchanger
in FIG. 1;

FIG. 3 illustratively shows a structural schematic di-
agram of a micro-channel heat exchanger according
to the present invention;

FIG. 4 illustratively shows alocal schematic diagram
of a heat exchange fin of the micro-channel heat ex-
changer in FIG. 3;

FIG. 5 illustratively shows a structural schematic di-
agram of a micro-channel heat exchanger according
to the present invention;

FIG. 6 illustratively shows alocal schematic diagram
of a heat exchange fins of the micro-channel heat
exchanger in FIG. 5;

FIG. 7 illustratively shows a structural schematic di-
agram of a micro-channel heat exchanger according
to the present invention;

FIG. 8 illustratively shows alocal schematic diagram
of a heat exchange fin of the micro-channel heat ex-
changer in FIG. 7;

FIG. 9 illustratively shows a structural schematic di-
agram of a micro-channel heat exchanger according
to the present invention; and
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FIG. 10 illustratively shows a local schematic dia-
gram of a heat exchange fin of the micro-channel
heat exchanger in FIG. 9.

DETAILED DESCRIPTION

[0017] The technical solution in the embodiments of
the present invention will be described in a clear and
complete manner in conjunction with the accompanying
drawings in the embodiments of the present invention.
Obviously, the described embodiments are only a part
of the embodiments of the present invention, not all of
them. Based on the embodiments in the present inven-
tion, all other embodiments obtained by those skilled in
the art without creative labor fall within the scope of pro-
tection of the present invention.

[0018] It should be noted that the orientation terms
mentioned or possibly mentioned in the present inven-
tion, such as up, down, left, right, front, back, inner side,
outer side, front side, top, bottom, etc., are defined rela-
tive to the structures shown in the respective drawings,
and they are relative concepts. Therefore, they may vary
accordingly according to their different positions and us-
age states. Therefore, these or other orientation terms
should not be interpreted as restrictive terms.

[0019] In addition, descriptions related to "first", "sec-
ond", etc. in the present invention are only used for de-
scriptive purposes, and cannot be understood as indicat-
ing or implying their relative importance, or implicitly in-
dicating the number of indicated technical features.
Therefore, the features defined with "first" and "second"
can explicitly or implicitly include at least one of these
features. In the description of the present invention, "a
plurality of" means at least two, such as two, three, etc.,
unless otherwise specified.

[0020] In the description of the present invention, ref-
erence to the terms "one embodiment", "some embodi-
ments", "examples", "specific examples”, or "some ex-
amples" means that the specific features, structures, ma-
terials, or features described in conjunction with the em-
bodiment(s) or example(s) are included in at least one
embodiment or example of the embodiments of the
presentinvention. In the presentinvention, the illustrative
expressions for the above terms do not necessarily refer
to the same embodiment(s) or example(s). In addition,
the specific characteristics, structures, materials, or fea-
tures described can be combined in an appropriate man-
ner in any one or more embodiments or examples. More-
over, those skilled in the art may combine the different
embodiments or examples described in the present in-
vention, as well as the features of the different embodi-
ments or examples, without conflicting with each other.
[0021] Inthe presentinvention, unless otherwise spec-
ified and limited, the terms "connect", "fix", etc. should
be interpreted in a broader sense. For example, "fix" can
be a fixed connection, a detachable connection, or an
integral connection. It can be a mechanical connection
or an electrical connection. It can be a direct connection
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or an indirect connection through an intermediate medi-
um. It can be the internal connection of two components
or the interaction relationship between two components,
unless otherwise specified. The specific meanings of the
above terms in the present invention can be understood
by those skilled in the art based on specific circumstanc-
es.

[0022] FIG. 3 schematically illustrates the structure of
an embodiment of a micro-channel heat exchanger of
the present invention in general. As can be clearly seen
in FIGS. 3 and 4, the micro-channel heat exchanger 100
is composed of a first manifold 110, a second manifold
120, a plurality of micro-channel flat tubes 130, and a
plurality of heat exchange fins 140, and other parts. The
first manifold 110 and the second manifold 120 are
spaced apart, with one serving as the inlet manifold and
the other as the outlet manifold. The plurality of micro-
channel flat tubes 130 are sequentially connected from
top to bottom between the first manifold 110 and the sec-
ond manifold 120, and the plurality of heat exchange fins
140 are spaced at a predetermined distance from each
other and formed with tube holes for the plurality of micro-
channel flat tubes 130 to pass through. Refrigerant or
coolant flows inside the plurality of micro-channel flat
tubes 130, while fluid medium, such as air, flows outside
the micro-channel flat tubes 130. Heat conduction is car-
ried out between the refrigerant and air through the tube
walls and heat exchange fins 140, thereby achieving heat
exchange. In order to increase the heat exchange area,
the plurality of heat exchange fins 140 are additionally
configured with heat dissipation structures 150, which
are located above the micro-channel flat tubes, so that
more fluid medium can pass through the heat exchanger
of the same size, thereby achieving higher heat ex-
change efficiency and heat transfer coefficient. In order
to discharge the condensed water precipitated from the
air, a drainage groove 160 is vertically arranged on the
same side of the plurality of heat exchange fins 140. The
portions of the at least one of the plurality of heat ex-
change fins 140 below the bottommost micro-channel
flat tube is provided with a guiding structure 170, which
is used to guide water droplets condensed on the surface
of the at least one heat exchange fin to the drainage
groove 160, thereby avoiding the accumulation of con-
densed water on the surface of the heat exchange fin at
its bottom.

[0023] With continued reference to FIGS. 3 and 4, the
guiding structure 170 can be the portion of each of the
plurality of heat exchange fins 140 below the bottommost
micro-channel flat tube, and the guiding structure 170
has smooth planes on both sides. Although the bottom
portions of the plurality of heat exchange fins 140 are not
provided with additional heat dissipation structures, such
a design, however, can effectively prevent condensed
water from accumulating in that area, so as to not affect
the overall heat exchange efficiency. In the embodiment
shown in FIGS. 3 and 4, the contour of the bottom of the
guiding structure 170 is linear and is parallel to the con-

10

15

20

25

30

35

40

45

50

55

tour of the bottom of the micro-channel flat tube 130, so
that the guiding structure 170 forms a substantially rec-
tangular shape. In addition to configuring guiding struc-
tures on each of the plurality of heat exchange fins 140,
it is also feasible to configure guiding structures on spe-
cific heat exchange fins among the plurality of heat ex-
changefins 140. For example, guiding structures are only
configured on the leftmost and rightmost heat exchange
fins of the plurality of heat exchange fins.

[0024] Inthe above embodiments, the area of the por-
tions of the plurality of heat exchange fins below the bot-
tommost micro-channelflattube, i.e., the area of the guid-
ing structure, can be designed to gradually increase to-
wards the side of the drainage groove. Specifically, the
bottom of the guiding structure has a bent, curved, linear,
or non-linear contour. For example, in the micro-channel
heat exchanger 200 of the present invention shown in
FIGS. 5 and 6, the bottom of the guiding structure 270
has a curved contour. The first manifold 210, the second
manifold 220, the plurality of micro-channel flat tubes
230, the plurality of heat exchange fins 240, the heat
dissipation structures 250, and the drainage groove 260
and other parts in the micro-channel heat exchanger 200
can refer to the aforementioned embodiments, which will
not be repeated here. For example, in the embodiment
of the micro-channel heat exchanger shown in FIGS. 7
and 8, the bottom of the guiding structure 370 has a linear
contour. The first manifold 310, the second manifold 320,
the plurality of micro-channel flat tubes 330, the plurality
of heat exchange fins 340, the heat dissipation structures
350, and the drainage groove 360 and other parts in the
micro-channel heat exchanger 300 can refer to the afore-
mentioned embodiments, which will not be repeated
here. FIGS. 9 and 10 schematically illustrate the structure
of another embodiment of the micro-channel heat ex-
changer of the presentinvention. In this embodiment, the
guiding structure 470 is the lower surface of the bottom-
most micro-channel flat tube 430, thereby reducing the
risk of accumulation of water droplets below the bottom-
most micro-channel flat tube. The first manifold 410, the
second manifold 420, the plurality of micro-channel flat
tubes 430, the plurality of heat exchange fins 440, the
heat dissipation structures 450, and the drainage groove
460 and other parts in the micro-channel heat exchanger
400 can refer to the aforementioned embodiments, which
will not be repeated here.

[0025] In conjunction with the above embodiments, in
other optional embodiments, the heat dissipation struc-
ture 150 used to increase the heat exchange area can
be constructed as a solid or hollow strip structure, a cor-
rugated structure, a staggered teeth structure, a louver
structure, a structure with openings, a structure with pro-
trusions, or a structure with grooves on the surface, or
other similar structures, which is conducive to further in-
creasing the contact area between the fin body and the
fluid medium, thereby achieving greater heat transfer ef-
ficiency.

[0026] Itis easy to understand that in the micro-chan-
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nel heat exchanger according to the present invention,
the plurality of heat exchange fins 140 can be designed
to be of the same size and shape, and spaced from each
other at the same distance, so as to improve the heat
exchange area and efficiency of the micro-channel heat
exchanger. In addition, the heat exchange fins 140 can
be made of aluminum alloy. Those skilled in the art are
aware that aluminum materials have good processability
and good heat exchange performance.

[0027] In addition, the present invention also provides
a heat pump system. The heat pump system typically
has multiple operating modes, including the cooling
mode, heating mode, and dehumidification mode (also
known as defogging mode). Specifically, the heat pump
system mainly includes a coolant circulation circuit and
a water circuit. The coolant circulation circuit is sequen-
tially provided with a compressor, an indoor heat ex-
changer, a throttling device, and an outdoor heat ex-
changer, wherein, both the indoor and outdoor heat ex-
changers can be in the form of a micro-channel heat ex-
changer according to the present invention.

[0028] In the heating mode, the coolant is compressed
into high-temperature and high-pressure gas through the
compressor, and the high-temperature and high-pres-
sure gas enters the indoor heat exchanger for heat ex-
change with circulating water to heat the water. After
passing through the indoor heat exchanger, the coolant
is further throttled by the throttling device to form a low-
temperature and low-pressure liquid (or gas-liquid mixed
refrigerant). The low-temperature and low-pressure lig-
uid refrigerant evaporates in the outdoor heat exchanger,
absorbs heat from the outside air, and converts into a
gaseous refrigerant. The gaseous refrigerant can return
to the compressor further using a gas-liquid separator or
other means when necessary, thus completing the cool-
ant circulation circuit. In this case, the indoor heat ex-
changer is a condenser, and the outdoor heat exchanger
is an evaporator.

[0029] In the cooling mode, the coolantis compressed
into high-temperature and high-pressure gas through the
compressor, and the high-temperature and high-pres-
sure gas enters the outdoor heat exchanger for heat ex-
change with air, etc., thus becoming a medium-temper-
ature and high-pressure gas. After passing through the
outdoor heat exchanger, the coolant is further throttled
by the throttling device to form a low-temperature and
low-pressure liquid (or gas-liquid mixed refrigerant). The
low-temperature and low-pressure liquid refrigerant
evaporates in the indoor heat exchanger, absorbs heat
from the outside air, and converts into a gaseous refrig-
erant. The gaseous refrigerant can return to the com-
pressor further using a gas-liquid separator or other
means when necessary, thus completing the coolant cir-
culation circuit. In this case, the outdoor heat exchanger
isa condenser, and theindoor heat exchangeris an evap-
orator.

[0030] The aforementioned heat pump system can be
used in other household, commercial or industrial devic-
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es to improve the cooling or heating efficiency of these
devices, where specific limitations are not made here.
[0031] Insummary, the micro-channel heat exchanger
of the present invention can prevent the accumulation of
condensed water on the surface of the heat exchange
fins while ensuring heat exchange efficiency, thereby im-
proving the overall heat exchange performance of the
micro-channel heat exchanger, and significantly improv-
ing the cooling and heating performance of the heat pump
system.

[0032] The micro-channel heat exchanger and the
heat pump system configured with the micro-channel
heat exchanger according to the present invention been
described above in detail by enumerating several specific
embodiments. These examples are merely used to illus-
trate the principles and embodiments of the present in-
vention, rather than limiting the present invention. The
scope of protection is defined by the appended claims.

Claims

1. A micro-channel heat exchanger (100, 200, 300,
400), comprising:

a first manifold (110, 210, 310, 410) and a sec-
ond manifold (120, 220, 320, 420), wherein the
first manifold and the second manifold are
spaced apart;

a plurality of micro-channel flat tubes (130, 230,
330, 430), sequentially connected from top to
bottom between the first manifold and the sec-
ond manifold; and

a plurality of heat exchange fins (140, 240, 340,
440), spaced at a predetermined distance from
each other and formed with tube holes for the
plurality of micro-channel flat tubes to pass
through, wherein the plurality of heat exchange
fins are provided with heat dissipation structures
(150, 250, 350, 450) for increasing heat ex-
change area, where the heat dissipation struc-
tures are located above the micro-channel flat
tube, and a drainage groove (160, 260, 360,
460) is arranged vertically at the same side of
the plurality of heat exchange fins,

wherein, a portion of at least one heat exchange
fin of the plurality of heat exchange fins below
the bottommost micro-channel flat tube is pro-
vided with a guiding structure (170, 270, 370,
470) for guiding water droplets condensed on a
surface of the at least one heat exchange fin to
the drainage groove.

2. The micro-channel heat exchanger according to
claim 1, wherein the portion of each of the plurality
of heat exchange fins below the bottommost micro-
channel flat tube is provided with a guiding structure,
and the guiding structure has smooth planes on both
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sides.

The micro-channel heat exchanger according to
claim 1, wherein the guiding structure is a lower sur-
face of the bottommost micro-channel flat tube.

The micro-channel heat exchanger according to
claim 2, wherein an area of the portions of the plu-
rality of heat exchange fins below the bottommost
micro-channel flat tube gradually increases towards
one side of the drainage groove.

The micro-channel heat exchanger according to
claim 4, wherein the bottom of the guiding structure
has a bent, curved, linear or non-linear contour.

The micro-channel heat exchanger according to any
of claims 1-4, wherein the heat dissipation structure
for increasing heat exchange area is at least one of
a strip structure, a corrugated structure, a staggered
teeth structure, a louver structure, a structure with
openings, a structure with protrusions, or a structure
with grooves on surface.

The micro-channel heat exchanger according to any
of claims 1-4, wherein the plurality of heat exchange
fins are of the same size and shape, and are spaced
apart from each other at the same distance.

The micro-channel heat exchanger according to any
of claims 1-4, wherein the plurality of heat exchange
fins are made of aluminum alloy.

The micro-channel heat exchanger according to any
of claims 1-4, wherein the micro-channel heat ex-
changer is a condenser or an evaporator.

A heat pump system, wherein the heat pump system
comprises the micro-channel heat exchanger ac-
cording to any of claims 1-9.
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