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(54) HEAT EXCHANGER, BENT HEAT EXCHANGER AND AIR CONDITIONING SYSTEM

(57) The present invention discloses a heat exchan-
ger, a bent heat exchanger formed by bending the heat
exchanger, and an air conditioning system having the
heat exchanger or the bent heat exchanger. The heat
exchanger includes: a plurality of rows of heat exchange
tubes arranged in a first direction; and a plurality of fins
arranged in a second direction perpendicular to the first
direction. Each of the plurality of fins includes a fin body
and a plurality of heat exchange tube slots formed in the
fin body, one ormore heat exchange tubes of each row of
heat exchange tubes of the plurality of rows of heat
exchange tubes being inserted into one heat exchange
tubeslot of theplurality of heat exchange tubeslots; anda
length of at least one heat exchange tube slot of the
plurality of heat exchange tube slots of at least one fin
of the plurality of fins in a third direction perpendicular to
the first direction and the second direction is greater than
a heat exchange tube size of the row of heat exchange
tubes inserted into the at least one heat exchange tube
slot in the third direction to form a gap for passage of
water in the at least one heat exchange tube slot, thereby
improving the performance of the heat exchanger, bent
heat exchanger and air conditioning system.
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Description

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to a heat exchanger, a bent heat exchanger formed by bending the
heat exchanger, and an air conditioning system having the heat exchanger or the bent heat exchanger.

BACKGROUND

[0002] A heat exchanger includes heat exchange tubes and fins having heat exchange tube slots. The heat exchange
tube slots have openings on a side of the heat exchanger, or the heat exchange tube slots have no opening. The heat
exchange tubes are inserted into the heat exchange tube slots of the fins.

SUMMARY

[0003] An object of embodiments of the present invention is to provide a heat exchanger, a bent heat exchanger formed
by bending the heat exchanger, and an air conditioning system having the heat exchanger or the bent heat exchanger,
thereby, for example, improving the performance of the heat exchanger, the bent heat exchanger and the air conditioning
system.
[0004] Embodiments of thepresent inventionprovide aheat exchanger including: a heat exchanger aplurality of rowsof
heat exchange tubes arranged in a first direction, each row of heat exchange tubes includes one heat exchange tube or a
plurality of heat exchange tubes; and a plurality of fins arranged in a second direction perpendicular to the first direction,
wherein eachof the plurality of fins includes a finbody andaplurality of heat exchange tube slots formed in the fin body, the
one heat exchange tube of each row of heat exchange tubes of the plurality of rows of heat exchange tubes being inserted
intooneheat exchange tubeslot of theplurality of heat exchange tubeslots, or, theplurality of heat exchange tubesof each
rowof heat exchange tubes of the plurality of rows of heat exchange tubes being inserted into oneheat exchange tube slot
of the plurality of heat exchange tube slots; and a length of at least one heat exchange tube slot, in a third direction
perpendicular to the first direction and the second direction, of the plurality of heat exchange tube slots of at least one fin of
the plurality of fins is greater thanaheat exchange tube sizeof the rowof heat exchange tubes inserted into theat least one
heat exchange tube slot in the third direction to forma gap for passage of water in the at least one heat exchange tube slot,
in the case that the rowof heat exchange tubes includes the oneheat exchange tube, the heat exchange tube size is a size
of the one heat exchange tube in the third direction, and in the case that the row of heat exchange tubes includes the
plurality of heat exchange tubes, theheat exchange tube size is a sumof sizes of theplurality of heat exchange tubes in the
third direction.
[0005] According to embodiments of the present invention, the fins and the heat exchange tubes of the heat exchanger
satisfy the following relationship of:

where, Wf is a width of the fin in the third direction, Lf is a length of the fin in the first direction, Wsi is a length of the ith heat
exchange tube slot from one side to the other side of the heat exchanger in the first direction, Tsi is a width of an ith heat
exchange tube slot from one side to the other side of the heat exchanger in the first direction, Pf is a spacing between
adjacent fins, Tf is a thickness of the fin body of the fin,Wtij is a size of a jth heat exchange tube, of the rowof heat exchange
tubes in the ith heat exchange tube slot, fromone side to theother side of the heat exchanger in the first direction fromafirst
side to a second side of the heat exchanger in the third direction; when the row of heat exchange tubes includes the one
heat exchange tube, j=1, and R is a predetermined value.
[0006] According to embodiments of the present invention, the predetermined value R is equal to 150.
[0007] According toembodimentsof thepresent invention, at least one rowof heat exchange tubes includes theplurality
of heat exchange tubes, and there is a gap between at least two adjacent heat exchange tubes of the plurality of heat
exchange tubes.
[0008] According to embodiments of the present invention, the heat exchange tube includes a first tube edge and a
second tubeedge, thefirst tubeedgeand thesecond tubeedgeof theheatexchange tubebeing respectivelypositionedon
the outermost sides of the heat exchange tube in the third direction, and the heat exchanger has a first side and a second
sideopposite toeachother in the third direction, the first tubeedgeof theheat exchange tubebeingcloser to the first sideof
the heat exchanger than the second tube edgeof the heat exchange tube in the third direction; the heat exchange tube slot
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of the fin has a first slot edge anda second slot edge, the first slot edgeand the second slot edge of the heat exchange tube
slot of the fin being respectively positioned on the outermost sides of the heat exchange tube slot in the third direction, and
thefirst slot edgeof theheat exchange tubeslot of thefinbeingcloser to the first sideof theheatexchanger than thesecond
slot edge of the heat exchange tube slot of the fin in the third direction; and there is a gap in the third direction between the
first slot edge of at least one heat exchange tube slot of the plurality of heat exchange tube slots of at least one fin of the
plurality of fins and the first tube edge of the one heat exchange tube of the row of heat exchange tubes inserted into the at
least one heat exchange tube slot, or, there is a gap in the third direction between the first slot edge of the at least one heat
exchange tube slot of the plurality of heat exchange tube slots of the at least one fin of the plurality of fins and the first tube
edge of one heat exchange tube, of the plurality of heat exchange tubes closest to the first slot edge, of the row of heat
exchange tubes inserted into the at least one heat exchange tube slot; and/or there is a gap in the third direction between
thesecondslot edgeof theat least oneheatexchange tubeslot of theplurality of heat exchange tubeslots of at least onefin
of the plurality of fins and the second tube edge of the one heat exchange tube of the row of heat exchange tubes inserted
into the at least one heat exchange tube slot, or, there is a gap in the third direction between the second slot edge of the at
least oneheat exchange tube slot of the plurality of heat exchange tube slots of the at least one finof the plurality of finsand
the second tubeedgeof oneheat exchange tube, of the plurality of heat exchange tubes closest to the second slot edge, of
the row of heat exchange tubes inserted into the at least one heat exchange tube slot.
[0009] According to embodiments of the present invention, at least in themiddle of the gap in the third direction, a size of
the gap in the first direction is equal to a width of the heat exchange tube slot; and/or, a size of the gap in at least one heat
exchange tube slot of the plurality of heat exchange tube slots in the third direction is greater thanor equal to that of the one
heat exchange tube of the row of heat exchange tubes in the at least one heat exchange tube slot in the third direction, or,
thesizeof thegap in theat least oneheatexchange tubeslot of theplurality of heat exchange tubeslots in the thirddirection
isgreater thanorequal to thatofoneheatexchange tubeof thepluralityof heatexchange tubesof the rowofheat exchange
tubes in the at least one heat exchange tube slot in the third direction.
[0010] According to embodiments of the present invention, the heat exchange tube includes a first tube edge and a
second tubeedge, thefirst tubeedgeand thesecond tubeedgeof theheatexchange tubebeing respectivelypositionedon
the outermost sides of the heat exchange tube in the third direction, and the heat exchanger has a first side and a second
sideopposite toeachother in the third direction, the first tubeedgeof theheat exchange tubebeingcloser to the first sideof
the heat exchanger than the second tube edgeof the heat exchange tube in the third direction; the heat exchange tube slot
of the fin has a first slot edge anda second slot edge, the first slot edgeand the second slot edge of the heat exchange tube
slot of the fin being respectively positioned on the outermost sides of the heat exchange tube slot in the third direction, and
thefirst slot edgeof theheat exchange tubeslot of thefinbeingcloser to the first sideof theheatexchanger than thesecond
slot edge of the heat exchange tube slot of the fin in the third direction; and the heat exchange tubes of the plurality of rows
of heat exchange tubes include a plurality of columns of heat exchange tubes arranged in the third direction, each column
of heat exchange tubes of the plurality of columns of heat exchange tubes including a plurality of heat exchange tubes
arranged in the first direction.
[0011] According to embodiments of the present invention, orthogonal projections of the heat exchange tubes of two
adjacent rows of heat exchange tubes in a plane perpendicular to the first direction are separated from each other in the
third direction.
[0012] According to embodiments of the present invention, the heat exchange tubes of two adjacent rows of heat
exchange tubes are displaced from each other in the third direction.
[0013] According to embodiments of the present invention, a plurality of gaps for the drainage of water are formed
between at least some heat exchange tube slots of at least some fins of the plurality of fins and the heat exchange tubes of
the rows of heat exchange tubes inserted into the at least some heat exchange tube slots, the plurality of gaps including a
plurality of columnsof gapsarranged in the third direction, each columnof gapsof theplurality of columnsof gaps including
a plurality of gaps arranged in the first direction.
[0014] According to embodiments of the present invention, the gaps in at least two adjacent heat exchange tube slots
are displaced from each other in the third direction.
[0015] According to embodimentsof thepresent invention, theplurality of columnsof heat exchange tubesarearranged
sequentially from the first side to the second side of the heat exchanger in the third direction; and there are gaps between
the first slot edges of the heat exchange tube slots and the first tube edges of the heat exchange tubes of a second column
of heat exchange tubes of the plurality of columns of heat exchange tubes inserted into the heat exchange tube slots in the
third direction.
[0016] According to embodiments of the present invention, the first slot edges of the heat exchange tube slots and the
first tube edges of the heat exchange tubes of a first column of heat exchange tubes of the plurality of columns of heat
exchange tubes inserted into the heat exchange tube slots are substantially aligned with each other in the third direction.
[0017] According to embodimentsof thepresent invention, theplurality of columnsof heat exchange tubesarearranged
sequentially from the second side to the first side of the heat exchanger in the third direction; and there are gaps between
the second slot edges of the heat exchange tube slots and the second tube edges of the heat exchange tubes of a second
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column of heat exchange tubes of the plurality of columns of heat exchange tubes inserted into the heat exchange tube
slots in the third direction.
[0018] According to embodiments of the present invention, the second slot edges of the heat exchange tube slots and
the second tube edges of the heat exchange tubes of a first column of heat exchange tubes of the plurality of columns of
heat exchange tubes inserted into the heat exchange tube slots are substantially aligned with in the third direction.
[0019] According to embodimentsof thepresent invention, theplurality of columnsof heat exchange tubesarearranged
sequentially from thefirst side to thesecondsideof theheatexchanger in the thirddirection; and thefirst slot edgesof some
heat exchange tube slots, intowhich theheat exchange tubes of the second columnof heat exchange tubes of the plurality
columnsofheat exchange tubesare inserted,arecloser to thesecondsideof theheatexchanger than thefirst slot edgesof
someother heat exchange tube slots, intowhich the heat exchange tubes of the first columnof heat exchange tubes of the
plurality columns of heat exchange tubes are inserted.
[0020] According to embodiments of the present invention, the plurality of columns of gaps are arranged sequentially
from thesecond side to the first sideof theheat exchanger in the third direction; thegapsof oddnumberedcolumnsof gaps
of the plurality of columnsof gaps are formed in someheat exchange tube slots of the plurality of heat exchange tube slots,
and the gaps of even numbered columns of gaps of the plurality of columns of gaps are formed in some other heat
exchange tubeslotsof theplurality of heatexchange tubeslots; and thesomeheatexchange tubeslotsand thesomeother
heat exchange tube slots are arranged alternately in the first direction.
[0021] According to embodiments of the present invention, the heat exchange tubes of odd numbered columns of heat
exchange tubes of the plurality of columns of heat exchange tubes are provided in some heat exchange tube slots of the
plurality of heat exchange tube slots, and the heat exchange tubes of even numbered columns of heat exchange tubes of
the plurality of columns of heat exchange tubes are formed in some other heat exchange tube slots of the plurality of heat
exchange tube slots; and the some heat exchange tube slots and the some other heat exchange tube slots are arranged
alternately in the first direction.
[0022] According toembodimentsof thepresent invention, thefirst tubeedgesof theheatexchange tubesof at least one
columnof heat exchange tubesof the plurality of columnsof heat exchange tubes are substantially alignedwith eachother
in the third direction, and/or the second tubeedges of the heat exchange tubes of the at least one columnof heat exchange
tubes of the plurality of columns of heat exchange tubes are substantially aligned with each other in the third direction.
[0023] According to embodiments of the present invention, the heat exchange tubes of at least one column of heat
exchange tubes of the plurality of columns of heat exchange tubes have substantially the same size in the third direction.
[0024] According to embodiments of the present invention, the heat exchange tube includes a first tube edge and a
second tubeedge, thefirst tubeedgeand thesecond tubeedgeof theheatexchange tubebeing respectivelypositionedon
the outermost sides of the heat exchange tube in the third direction, and the heat exchanger has a first side and a second
sideopposite toeachother in the third direction, the first tubeedgeof theheat exchange tubebeingcloser to the first sideof
theheat exchanger than the second tubeedgeof theheat exchange tube in the third direction; and the first tubeedgeof the
one heat exchange tube (, or the first tube edge of at least one heat exchange tube of the plurality of heat exchange tubes,)
of at least one row of heat exchange tubes of the plurality of rows of heat exchange tubes and the first tube edge of the one
heat exchange tube (, or the first tube edgeof at least oneheat exchange tube of the plurality of heat exchange tubes,) of at
least another row of heat exchange tubes of the plurality of rows of heat exchange tubes are displaced from each other in
the thirddirection; and/or, thesecond tubeedgeof theoneheatexchange tube (, or thesecond tubeedgeof theat least one
heatexchange tubeof theplurality of heat exchange tubes,) of theat least one rowof heat exchange tubesof theplurality of
rows of heat exchange tubes and the second tube edge of the one heat exchange tube (, or the second tube edge of the at
least oneheat exchange tubeof the plurality of heat exchange tubes,) of the at least another rowof heat exchange tubes of
the plurality of rows of heat exchange tubes are displaced from each other in the third direction.
[0025] According to embodiments of the present invention, the heat exchange tube slot of the finhasa first slot edgeand
a second slot edge, the first slot edge and the second slot edge of the heat exchange tube slot of the fin being respectively
positioned on the outermost sides of the heat exchange tube slot in the third direction, and the first slot edge of the heat
exchange tube slot of the fin being closer to the first side of the heat exchanger than the second slot edge of the heat
exchange tube slot of the fin in the third direction; and the first slot edge of at least one heat exchange tube slot of the
plurality of heat exchange tube slots of at least one fin of the plurality of fins and the first slot edge of at least another heat
exchange tube slot of theplurality of heat exchange tubeslots of theat least one finof theplurality of finsaredisplaced from
each other in the third direction.
[0026] According to embodiments of the present invention, the second slot edge of the at least one heat exchange tube
slot of the plurality of heat exchange tube slots of the at least one fin of the plurality of fins and the second slot edge of the at
least another heat exchange tube slot of the plurality of heat exchange tube slots of the at least one finof the plurality of fins
are displaced from each other in the third direction.
[0027] According to embodiments of the present invention, the second slot edge of the at least one heat exchange tube
slot of the plurality of heat exchange tube slots of the at least one fin of the plurality of fins and the second slot edge of the at
least another heat exchange tube slot of the plurality of heat exchange tube slots of the at least one finof the plurality of fins
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are substantially aligned with each other.
[0028] According to embodiments of the present invention, the first slot edges of the heat exchange tube slots of the
plurality of fins are substantially aligned with each other in the third direction, and the second slot edges of the heat
exchange tube slots of the plurality of fins are substantially aligned with each other in the third direction.
[0029] According to embodiments of the present invention, the heat exchange tube slots of the plurality of fins have
substantially the same size in the third direction.
[0030] According to embodiments of the present invention, the heat exchange tube of the plurality of rows of heat
exchange tubes includes a first end positionedon one side of the heat exchange tube in the seconddirection anda second
end positioned on the other side of the heat exchange tube in the second direction; and the heat exchanger further
includes: a first header connectedandfluidly communicatedwith thefirst endsof theheat exchange tubesof theplurality of
rows of heat exchange tubes; and a second header connected and fluidly communicatedwith the second ends of the heat
exchange tubes of the plurality of rows of heat exchange tubes.
[0031] According to embodiments of the present invention, the heat exchange tube of the plurality of rows of heat
exchange tubes includes a first end positionedon one side of the heat exchange tube in the seconddirection anda second
end positioned on the other side of the heat exchange tube in the second direction; and the heat exchanger further
includes: a first header connectedandfluidly communicatedwith thefirst endsof theheat exchange tubesof theplurality of
columns of heat exchange tubes; and two second headers, one of the two second headers being connected and fluidly
communicated with the second ends of the heat exchange tubes of at least one column of heat exchange tubes of the
plurality of columns of heat exchange tubes, and the other of the two second headers being connected and fluidly
communicated with the second ends of the heat exchange tubes of at least another column of heat exchange tubes of the
plurality of columns of heat exchange tubes.
[0032] According to embodiments of the present invention, the heat exchange tube of the plurality of rows of heat
exchange tubes includes a first end positionedon one side of the heat exchange tube in the seconddirection anda second
end positioned on the other side of the heat exchange tube in the second direction; and the heat exchanger further
includes: a connecting portion, the first ends of the heat exchange tubes of one column of heat exchange tubes of the
plurality of columns of heat exchange tubes being connected and fluidly communicated with the first ends of the heat
exchange tubes of another column of heat exchange tubes of the plurality of columns of heat exchange tubes by the
connecting portion; and two second headers, one of the two second headers being connected and fluidly communicated
with the second ends of the heat exchange tubes of the one column of heat exchange tubes, and the other of the two
second headers being connected and fluidly communicated with the second ends of the heat exchange tubes of the
another column of heat exchange tubes.
[0033] According to embodiments of the present invention, the connection portion includes a plurality of connection
tubes, the first ends of the heat exchange tubes of the one column of heat exchange tubes being connected and fluidly
communicatedwith the first ends of the heat exchange tubes of the another columnof heat exchange tubes by the plurality
of connection tubes, respectively.
[0034] According to embodiments of the present invention, the heat exchange tube of the one column of heat exchange
tubes, the connection tube and the heat exchange tube of the another column of heat exchange tubes, which are
interconnected, are formed by bending one tube.
[0035] According to embodiments of the present invention, the heat exchange tube of the plurality of rows of heat
exchange tubes includes a first end positionedon one side of the heat exchange tube in the seconddirection anda second
end positioned on the other side of the heat exchange tube in the second direction; and the heat exchanger further
includes: two first headers and two second headers, one of the two first headers and one of the two second headers being
connected and fluidly communicated with the first ends and the second ends of the heat exchange tubes of at least one
column of heat exchange tubes of the plurality of columns of heat exchange tubes, respectively, and the other of the two
first headersand theother of the twosecondheadersbeingconnectedandfluidly communicatedwith thefirst endsand the
second ends of the heat exchange tubes of at least another column of heat exchange tubes of the plurality of columns of
heat exchange tubes, respectively.
[0036] According to embodiments of the present invention, the heat exchange tubes of each column of heat exchange
tubes of the plurality of columns of heat exchange tubes and the heat exchange tubes of the adjacent column of heat
exchange tubes of the plurality of columns of heat exchange tubes are separated from each other in the third direction.
[0037] According to embodiments of the present invention, when viewed in the first direction, the fin bodies of the
plurality of fins are inclined relative to the third direction.
[0038] According to embodiments of the present invention, when viewed in the first direction, an angle between the fin
bodies of the plurality of fins and the third direction is less than or equal to 45 degrees.
[0039] According to embodiments of the present invention, the heat exchange tube slot of the finhasa first slot edgeand
a second slot edge, the first slot edge and the second slot edge of the heat exchange tube slot of the fin being respectively
positioned on the outermost sides of the heat exchange tube slot in the third direction, and the first slot edge of the heat
exchange tube slot of the fin being closer to the first side of the heat exchanger than the second slot edge of the heat
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exchange tube slot of the fin in the third direction; and each of the plurality of fins further includes: a fin segment extending
from an edge of on the fin body on the first side of the heat exchanger in the third direction.
[0040] According to embodiments of the present invention, at least two heat exchange tube slots of the plurality of heat
exchange tube slots of at least one fin of the plurality of fins have substantially the same size in the third direction, and the
heat exchange tubes of the rows of exchange tubes inserted into the at least two heat exchange tube slots have
substantially the same size in the third direction.
[0041] According to embodiments of the present invention, at least two heat exchange tube slots of the plurality of heat
exchange tube slots of at least one fin of the plurality of fins have substantially the same size in the third direction, and the
heat exchange tubes of the rows of exchange tubes inserted into the at least two heat exchange tube slots have different
sizes in the third direction.
[0042] According to embodiments of the present invention, at least two heat exchange tube slots of the plurality of heat
exchange tubeslots of at least one finof theplurality of finshavedifferent sizes in the third direction, and theheat exchange
tubes of the rows of exchange tubes inserted into the at least two heat exchange tube slots have substantially the same
size in the third direction.
[0043] According to embodiments of the present invention, at least two heat exchange tube slots of the plurality of heat
exchange tubeslots of at least one finof theplurality of finshavedifferent sizes in the third direction, and theheat exchange
tubes of the rows of exchange tubes inserted into the at least two heat exchange tube slots have different sizes in the third
direction.
[0044] According to embodiments of the present invention, the heat exchange tube slot of the finhasa first slot edgeand
a second slot edge, the first slot edge and the second slot edge of the heat exchange tube slot of the fin being respectively
positioned on the outermost sides of the heat exchange tube slot in the third direction, and the first slot edge of the heat
exchange tube slot of the fin being closer to the first side of the heat exchanger than the second slot edge of the heat
exchange tube slot of the fin in the third direction; and the heat exchange tube slot of the plurality of fins has an opening
towards the second side of the heat exchanger.
[0045] According to embodiments of the present invention, in use, at least a portion of the heat exchange tube extends
substantially vertically.
[0046] According to embodiments of the present invention, each of at least some fins is formed by one plate.
[0047] Embodiments of the present invention further provide a bent heat exchanger, the bent heat exchanger being
formed by bending the above-mentioned heat exchanger.
[0048] Embodiments of the present invention further provide an air conditioning system including the above-mentioned
heater exchanger or bent heater exchanger.
[0049] With theheatexchanger, thebentheaterexchangerand theair conditioningsystemhaving theheatexchangeror
the bent heater exchanger according to the embodiments of the present invention, for example, the performance of the
heat exchanger, the bent heater exchanger and the air conditioning system may be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050]

Fig. 1 is a schematic perspective view of a heat exchanger according to an embodiment of the present invention;
Fig. 2 is a schematic front view of the heat exchanger shown in Fig. 1;
Fig. 3 is a schematic right view of the heat exchanger shown in Fig. 1;
Fig. 4 is a schematic left view of the heat exchanger shown in Fig. 1;
Fig. 5 is a schematic perspective view of a heat exchanger according to an embodiment of the present invention;
Fig. 6 is a schematic front view of the heat exchanger shown in Fig. 5;
Fig. 7 is a schematic right view of the heat exchanger shown in Fig. 5;
Fig. 8 is a schematic left view of the heat exchanger shown in Fig. 5;
Fig. 9 is a schematic perspective view of a heat exchanger according to an embodiment of the present invention;
Fig. 10 is a schematic front view of the heat exchanger shown in Fig. 9;
Fig. 11 is a schematic right view of the heat exchanger shown in Fig. 9;
Fig. 12 is a schematic left view of the heat exchanger shown in Fig. 9;
Fig. 13 is a schematic perspective view of a heat exchanger according to an embodiment of the present invention;
Fig. 14 is a schematic front view of the heat exchanger shown in Fig. 13;
Fig. 15 is a schematic right view of the heat exchanger shown in Fig. 13;
Fig. 16 is a schematic left view of the heat exchanger shown in Fig. 13;
Fig. 17 is a schematic perspective view of a heat exchanger according to an embodiment of the present invention;
Fig. 18 is a schematic front view of the heat exchanger shown in Fig. 17;
Fig. 19 is a schematic right view of the heat exchanger shown in Fig. 17;
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Fig. 20 is a schematic left view of the heat exchanger shown in Fig. 17;
Fig. 21 is a schematic perspective view of a heat exchanger according to an embodiment of the present invention;
Fig. 22 is a schematic front view of the heat exchanger shown in Fig. 21;
Fig. 23 is a schematic right view of the heat exchanger shown in Fig. 21;
Fig. 24 is a schematic left view of the heat exchanger shown in Fig. 21;
Fig. 25 is a schematic perspective view of a heat exchanger according to an embodiment of the present invention;
Fig. 26 is a schematic front view of the heat exchanger shown in Fig. 25;
Fig. 27 is a schematic right view of the heat exchanger shown in Fig. 25;
Fig. 28 is a schematic left view of the heat exchanger shown in Fig. 25;
Fig. 29 is a schematic right view of a fin of the heat exchanger shown in Figs. 1, 5, 9, 13, 17, 21 and 25;
Fig. 30 is a schematic top view of the fin of the heat exchanger shown in Fig. 29;
Fig. 31 is a schematic right viewof aheat exchanger,wherein only aportion of theheat exchange tubes andone finare
remained, according to an embodiment of the present invention;
Fig. 32 is a schematic cross-sectional bottom view of the heat exchanger shown in Fig. 31 taken along line A-A of Fig.
31;
Fig. 33 is a schematic right viewof aheat exchanger,wherein only aportion of theheat exchange tubes andone finare
remained, according to an embodiment of the present invention;
Fig. 34 is a schematic cross-sectional bottom view of the heat exchanger shown in Fig. 33 taken along line B-B of Fig.
33;
Fig. 35 is a schematic right viewof aheat exchanger,wherein only aportion of theheat exchange tubes andone finare
remained, according to an embodiment of the present invention;
Fig. 36 is a schematic cross-sectional bottom view of the heat exchanger shown in Fig. 35 taken along line C-C of Fig.
35;
Fig. 37 is a schematic right viewof aheat exchanger,wherein only aportion of theheat exchange tubes andone finare
remained, according to an embodiment of the present invention;
Fig. 38 is a schematic cross-sectional bottom view of the heat exchanger shown in Fig. 37 taken along line D-D of Fig.
37;
Fig. 39 is a schematic right viewof aheat exchanger,wherein only aportion of theheat exchange tubes andone finare
remained, according to an embodiment of the present invention;
Fig. 40 is a schematic cross-sectional bottom view of the heat exchanger shown in Fig. 39 taken along line E-E of Fig.
39;
Fig. 41 is a schematic right viewof aheat exchanger,wherein only aportion of theheat exchange tubes andone finare
remained, according to an embodiment of the present invention;
Fig. 42 is a schematic cross-sectional bottom view of the heat exchanger shown in Fig. 41 taken along line F-F of Fig.
41;
Fig. 43 is a schematic right viewof aheat exchanger,wherein only aportion of theheat exchange tubes andone finare
remained, according to an embodiment of the present invention;
Fig. 44 is a schematic cross-sectional bottomviewof the heat exchanger shown in Fig. 43, takenalong lineG-G inFig.
43;
Fig. 45 is a schematic right viewof aheat exchanger,wherein only aportion of theheat exchange tubes andone finare
remained, according to an embodiment of the present invention;
Fig. 46 is a schematic cross-sectional bottomviewof the heat exchanger shown in Fig. 45, taken along lineH-H in Fig.
45;
Fig. 47 is a schematic right viewof aheat exchanger,wherein only aportion of theheat exchange tubes andone finare
remained, according to an embodiment of the present invention;
Fig. 48 is a schematic cross-sectional bottom view of the heat exchanger shown in Fig. 47, taken along line I-I in Fig.
47;
Fig. 49 is a schematic right viewof aheat exchanger,wherein only aportion of theheat exchange tubes andone finare
remained, according to an embodiment of the present invention;
Fig. 50 is a schematic cross-sectional bottom view of the heat exchanger shown in Fig. 49, taken along line J-J in Fig.
49;
Fig. 51 is a schematic perspectiveviewof abent heat exchangeraccording toanembodiment of thepresent invention;
and
Fig. 52 is a schematic top view of a portion of the bent heat exchanger shown in Fig. 51.

DETAILED DESCRIPTION OF EMBODIMENTS

[0051] The present invention is further explained below by means of specific embodiments in conjunction with the
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drawings.
[0052] Referring to Figs. 1‑50, a heat exchanger 100 according to an embodiment of the present invention includes: a
plurality of rows of heat exchange tubes arranged in a first directionD1, each rowof heat exchange tubes being composed
of one heat exchange tube 1 or a plurality of heat exchange tubes 1; and a plurality of fins 2 arranged in a second direction
D2 perpendicular to the first direction D1. Each of the plurality of fins 2 includes a fin body 20 and a plurality of heat
exchange tube slots 21 formed in the fin body 20, the one heat exchange tube 1 or the plurality of heat exchange tubes 1 of
each row of heat exchange tubes of the plurality of rows of heat exchange tubes being inserted into one heat exchange
tube slot 21 of the plurality of heat exchange tube slots 21; and a length of at least one heat exchange tube slot 21 of the
plurality of heat exchange tube slots 21of at least onefin2of the plurality of fins2 in a third directionD3perpendicular to the
first direction D1 and the second direction D2 being greater than a heat exchange tube size of the row of heat exchange
tubes inserted into theat leastoneheatexchange tubeslot21 in the thirddirectionD3 to formagap5 forpassageofwater in
the at least one heat exchange tube slot 21. In the case that the row of heat exchange tubes is composed of the one heat
exchange tube 1, the heat exchange tube size is a size of the one heat exchange tube 1 in the third direction D3, and in the
case that the row of heat exchange tubes is composed of the plurality of heat exchange tubes 1, the heat exchange tube
size is the sumof the sizes of the plurality of heat exchange tubes 1 in the third directionD3. For example, the gap5 formsa
drainage passage through which defrosting water may quickly flow away, thereby improving the performance of the heat
exchanger under frosting conditions.
[0053] Referring to Figs. 1‑50, in the embodiments of the present invention, a volume Vg of the defrosting water
generated by the heat exchanger 100 and a volume Vp of the drainage passage of the heat exchanger 100 may be
calculated as follows:

where

Wf is a width of the fin 2 in the third direction D3,
Lf is a length of the fin 2 in the first direction D 1,
Wsi is a length of an ith heat exchange tube slot 21 fromone side to the other side of the heat exchanger 100 in the first
direction D1,
Tsi is a width of the ith heat exchange tube slot 21 from one side to the other side of the heat exchanger 100 in the first
direction D1,
Pf is spacing between adjacent fins 2,
Tf is a thickness of the fin body 20 of the fin 2,
Wtij is a size of a jth heat exchange tube 1, of the row of heat exchange tubes in the ith heat exchange tube slot 21 from
one side to the other side of the heat exchanger 100 in the first direction D1, from a first side S1 to a second side S2 of
the heat exchanger 100 in the third direction D3, when the row of heat exchange tubes is composed of one heat
exchange tube 1, j=1,
H is a size of a rangeof the plurality of fins2arranged in the seconddirectionD2, andθ is an angle between the finbody
20 of the fin 2 and the third direction D3.

[0054] According to theembodimentsof thepresent invention, a ratioof the volumeVgof thedefrostingwater generated
by the heat exchanger 100 to the volume Vp of the drainage passage of the heat exchanger 100may satisfy the following
relationship of:

whereR is a predetermined value, for example,Rmaybeequal to 90, 110, 130, 150, 170, 190, 210, etc., ormaybewithin a
certain range, for example, within a range of 80 to 260.
[0055] The following relationshipmaybeobtainedbysubstituting thevolumeVgof thedefrostingwatergeneratedby the
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heat exchanger 100 and the volume Vp of the drainage passage of the heat exchanger 100 into the above relationship:

[0056] The fins 2 and the heat exchange tubes 1 of the heat exchanger 100 may satisfy this relationship to ensure an
appropriate flow rate for discharging the defrosting water. In case the heat exchanger 100 is used, when the volume of the
generated defrostingwater is larger and the volume of the drainage passage is smaller, the defrostingwater is discharged
more slowly; andwhen the volume of the generated defrostingwater is smaller and the volume of the drainage passage is
larger, the defrostingwater is dischargedmore quickly. According to the embodiments of the present invention, the ratio of
the volume of the generated defrosting water to the volume of the drainage passage is less than the predetermined value,
thereby ensuring the appropriate flow rate for discharging the defrosting water.
[0057] Referring to Figs. 1‑50, in use, at least a portion of the heat exchange tube 1may extend substantially vertically,
for example, the heat exchange tube 1 may extend substantially vertically. In addition, at least a portion of the heat
exchange tube 1 may also extend substantially horizontally or obliquely, for example, the heat exchange tube 1 may
extend substantially horizontally or obliquely. In the embodiments of the present invention, at least one row of heat
exchange tubes is composed of a plurality of heat exchange tubes 1, and there may be a gap 5 between at least two
adjacent heat exchange tubes 1 of the plurality of heat exchange tubes 1. In the embodiments of the present invention, a
sizeof thegap5 in thefirst directionD1 isequal toawidthof theheatexchange tubeslot 21at least in themiddleof thegap5
in the thirddirectionD3.That is, thegap5occupies theentirewidthof theheatexchange tubeslot21at least in themiddleof
the gap 5, thereby ensuring that water can pass through the gap 5, and the gap 5will not be blocked or partially blocked by
solder during welding process, and preventing water from being not able to flow quickly through the gap 5 in the case that
the gap 5 is too small or there is solder in gap 5. In the embodiments of the present invention, a size of the gap 5 in at least
one heat exchange tube slot 21 of the plurality of heat exchange tube slots 21 in the third direction D3 is greater than or
equal to that of the one heat exchange tube 1 or one heat exchange tube 1 of the plurality of heat exchange tubes 1 of the
row of heat exchange tubes in the at least one heat exchange tube slot 21 in the third direction D3.
[0058] Referring to Figs. 1‑50, in the embodiments of the present invention, the heat exchange tube 1 includes a first
tube edge 11 and a second tube edge 12, the first tube edge 11 and the second tube edge 12 of the heat exchange tube 1
being respectively positioned on the outermost sides of the heat exchange tube 1 in the third direction D3, and the heat
exchanger100hasafirst sideS1andasecondsideS2opposite toeachother in the thirddirectionD3, thefirst tubeedge11
of the heat exchange tube 1 being closer to the first side S1 of the heat exchanger 100 than the second tube edge 12 of the
heat exchange tube 1 in the third direction D3. The heat exchange tube slot 21 of the fin 2 has a first slot edge 211 and a
second slot edge 212, the first slot edge 211 and the second slot edge 212 of the heat exchange tube slot 21 of the fin 2
being respectively positionedon theoutermost sidesof theheat exchange tubeslot 21 in the third directionD3, and thefirst
slot edge211of theheatexchange tubeslot21of thefin2beingcloser to thefirst sideS1of theheatexchanger100 than the
second slot edge 212 of the heat exchange tube slot 21 of the fin 2 in the third directionD3. The heat exchange tube slot 21
of the plurality of fins 2may have an opening towards the second sideS2 of the heat exchanger 100, or the heat exchange
tubeslot 21of theplurality of fins2hasnoopeningand is aclosedheat exchange tubeslot. Eachof at least somefins2may
be formed by one plate. For example, all fins 2 may be formed from one plate.
[0059] Referring to Figs. 31‑50, in the embodiments of the present invention, the one heat exchange tube 1 or the
plurality of heat exchange tubes 1 of the row of the heat exchange tubesmay be positioned between the first slot edge 211
and thesecondslot edge212of theheatexchange tubeslot 21of thefin2 in the thirddirectionD3.There isagap5between
thefirst slot edge211ofat least oneheatexchange tubeslot 21of thepluralityof heat transfer tubeslots21ofat leastonefin
2 of the plurality of fins 2 and the first tube edge 11 of the one heat exchange tube 1 (or the first tube edge 11 of one heat
exchange tube 1 of the plurality of heat exchange tubes 1 closest to the first slot edge 211) of the row of heat exchange
tubes inserted into the at least one heat exchange tube slot 21 in the third directionD3; and/or there is a gap 5 between the
second slot edge 212 of the at least one heat exchange tube slot 21 of the plurality of heat transfer tube slots 21 of the at
least one fin 2 of the plurality of fins 2 and the second tube edge 12 of the one heat exchange tube 1 (or the second tube
edge 12 of one heat exchange tube 1 of the plurality of heat exchange tubes 1 closest to the second slot edge 212) of the
row of heat exchange tubes inserted into the at least one heat exchange tube slot 21 in the third direction D3.
[0060] Referring to Figs. 1‑34 and 41‑50, in the embodiments of the present invention, the one heat exchange tube 1 or
the plurality of heat exchange tubes 1 of the row of heat exchange tubesmay be positioned between the first slot edge 211
and the second slot edge 212 of the heat exchange tube slot 21 of the fin 2 in the third direction D3. The heat exchange
tubes1of theplurality of rowsof heat exchange tubes includeaplurality of columnsof heat exchange tubesarranged in the
third direction D3, each column of heat exchange tubes of the plurality of columns of heat exchange tubes includes a
plurality of heat exchange tubes 1 arranged in the first direction D1. For example, a first column of heat exchange tubes
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includes a plurality of heat exchange tubes 1A, a second column of heat exchange tubes includes a plurality of heat
exchange tubes 1B, a third columnof heat exchange tubes includes aplurality of heat exchange tubes 1C, a fourth column
of heat exchange tubes includesaplurality of heat exchange tubes1D, andsoon.According tooneexampleof thepresent
invention, orthographic projections of the heat exchange tubes 1 of two adjacent rows of heat exchange tubes in a plane
perpendicular to thefirst directionD1areseparated fromeachother in the thirddirectionD3.According toanother example
of the present invention, the heat exchange tubes 1 of two adjacent rows of heat exchange tubes are displaced from each
other in the third directionD3. The heat exchange tubes 1of at least one columnof heat exchange tubes 1 of the plurality of
columnsof heat exchange tubesmayhave substantially the samesize in the third directionD3. Theheat exchange tubes1
of eachcolumnofheat exchange tubesof theplurality of columnsof heat exchange tubesand theheatexchange tubes1of
the adjacent column of heat exchange tubes 1 of the plurality of columns of heat exchange tubes may be separated from
each other in the third direction D3.
[0061] Referring to Figs. 31‑36 and 41‑50, in the embodiments of the present invention, there are a plurality of gaps for
drainage ofwater between at least someheat exchange tube slots 21 of at least somefins 2 of the plurality of fins 2 and the
heat exchange tubes1of the rowsof heat exchange tubes inserted into theat least someheat exchange tube slots 21. The
plurality of gaps 5 include a plurality of columns of gaps arranged in the third direction D3, each column of gaps of the
plurality of columns of gaps including a plurality of gaps arranged in the first directionD1. According to the examples of the
present invention, the gaps5 in at least twoadjacent heat exchange tube slots 21are displaced fromeachother in the third
direction D3.
[0062] Referring toFigs. 31‑34, 41‑44and47‑48, in theembodimentsof thepresent invention, theplurality of columnsof
heat exchange tubes are arranged sequentially from the first side S1 to the second side S2 of the heat exchanger 100 in a
third directionD3; and therearegaps5between the first slot edges211of theheat exchange tubeslots 21and the first tube
edge 11 of the heat exchange tubes 1 of the second column of heat exchange tubes of the plurality of columns of heat
exchange tubes inserted into the heat exchange tube slots 21 in the third direction D3. According to the examples of the
present invention, the first slot edges 211 of the heat exchange tube slots 21 and the first tube edges 11 of the heat
exchange tubes1of thefirst columnofheat exchange tubesof theplurality of columnsofheat exchange tubes inserted into
the heat exchange tube slots 21 are substantially aligned with each other in the third direction D3. For example, the first
column of heat exchange tubes includes the plurality of heat exchange tubes 1A, the second column of heat exchange
tubes includes the plurality of heat exchange tubes 1B, the third column of heat exchange tubes includes the plurality of
heat exchange tubes 1C, the fourth column of heat exchange tubes includes the plurality of heat exchange tubes 1D, and
so on.
[0063] Referring to Figs. 31‑34 and 41‑50, in the embodiments of the present invention, the plurality of columns of heat
exchange tubesarearrangedsequentially from thesecondsideS2 to the first sideS1of theheatexchanger100 in the third
direction D3; and there are gaps 5 between the second slot edges 212 of the heat exchange tube slots 21 and the second
tubeedges12of theheatexchange tubes1of thesecondcolumnof heat exchange tubesof theplurality of columnsof heat
exchange tubes inserted into the heat exchange tube slots 21 in the third direction D3. According to the examples of the
present invention, the second slot edges 212 of the heat exchange tube slots 21 and the second tube edges 12 of the heat
exchange tubes1of thefirst columnofheat exchange tubesof theplurality of columnsofheat exchange tubes inserted into
theheat exchange tubeslots 21are substantially alignedwith in the third directionD3.For example, the first columnof heat
exchange tubes includes the plurality of heat exchange tubes 1D, the second columnof heat exchange tubes includes the
plurality of heat exchange tubes 1C, the third columnof heat exchange tubes includes the plurality of heat exchange tubes
1B, the fourth column of heat exchange tubes includes the plurality of heat exchange tubes 1A, and so on.
[0064] Referring toFigs. 31‑34and41‑50, in theembodimentsof thepresent invention, aplurality of columnsofgapsare
arranged sequentially from the second side S2 to the first side S1 of the heat exchanger 100 in the third direction D3; the
gaps 5 of odd numbered columns of gaps of the plurality of columns of gaps are formed in some heat exchange tube slots
21 of the plurality of heat exchange tube slots 21, and the gaps 5 of even numbered columns of gaps of the plurality of
columns of gaps are formed in some other heat exchange tube slots 21 of the plurality of heat exchange tube slots 21; and
the someheat exchange tube slots 21 and the some other heat exchange tube slots 21 are alternately arranged in the first
direction D1.
[0065] Referring to Figs. 45‑46 and 49‑50, in the embodiments of the present invention, the plurality of columns of heat
exchange tubesarearrangedsequentially from thefirst sideS1 to the secondsideS2of theheatexchanger100 in the third
directionD3; and the first slot edges 211 of some heat exchange tube slots 21, into which the heat exchange tubes 1 of the
second column of heat exchange tubes of the plurality of columns of heat exchange tubes are inserted, are closer to the
second side S2 of the heat exchanger 100 than the first slot edges 211 of some other heat exchange tube slots 21, into
which the heat exchange tubes 1 of the first column of heat exchange tubes of the plurality of columns of heat exchange
tubes are inserted. For example, the first columnof heat exchange tubes includes the plurality of heat exchange tubes 1A,
the second column of heat exchange tubes includes the plurality of heat exchange tubes 1B, the third column of heat
exchange tubes includes the plurality of heat exchange tubes 1C, the fourth column of heat exchange tubes includes the
plurality of heat exchange tubes 1D, and so on. According to the embodiments of the present invention, a larger plane is
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provided locally for the flowing of the defrosting water, and the surface tension of this continuous plane can promote the
faster flowing of the defrosting water, improving the performance of the heat exchanger under the frosting conditions.
[0066] Referring to Figs. 31‑36 and 41‑50, in the embodiments of the present invention, the heat exchange tubes 1 of
odd numbered columnsof heat exchange tubes of the plurality columnsof heat exchange tubes are provided in someheat
exchange tube slots 21 of the plurality of heat exchange tube slots 21, and the heat exchange tubes 1 of even numbered
columns of heat exchange tubes of the plurality columns of heat exchange tubes are provided in some other heat
exchange tube slots 21 of the plurality of heat exchange tube slots 21; and the some heat exchange tube slots 21 and the
some other heat exchange tube slots 21 are alternately arranged in the first direction D1. For example, the first column of
heat exchange tubes includes thepluralityof heat exchange tubes1A, thesecondcolumnofheat exchange tubes includes
the plurality of heat exchange tubes 1B, the third column of heat exchange tubes includes the plurality of heat exchange
tubes 1C, the fourth column of heat exchange tubes includes the plurality of heat exchange tubes 1D, and so on.
Alternatively, for example, the first column of heat exchange tubes includes the plurality of heat exchange tubes 1D, the
second column of heat exchange tubes includes the plurality of heat exchange tubes 1C, the third column of heat
exchange tubes includes the plurality of heat exchange tubes 1B, the fourth column of heat exchange tubes includes the
plurality of heat exchange tubes 1A, and so on.
[0067] Referring toFigs. 31‑34and41‑50, in theembodimentsof thepresent invention, thefirst tubeedges11of theheat
exchange tubes 1 of at least one column of heat exchange tubes of the plurality of columns of heat exchange tubes are
substantially alignedwith eachother in the third directionD3, and/or, the second tubeedges12of theheat exchange tubes
1 of the at least one column of heat exchange tubes of the plurality of columns of heat exchange tubes are substantially
aligned with each other in the third direction D3.
[0068] Referring to Figs. 1‑50, in the embodiments of the present invention, the first tube edge 11 of the one heat
exchange tube1 (or thefirst tubeedge11ofat leastoneheatexchange tube1of thepluralityof heat exchange tubes1)of at
least one row of heat exchange tubes of the plurality of rows of heat exchange tubes and the first tube edge 11 of the one
heat exchange tube 1 (or the first tube edge 11 of at least one heat exchange tube 1 of the plurality of heat exchange tubes
1) of at least another row of heat exchange tubes of the plurality of rows of heat exchange tubes are displaced from each
other in the thirddirectionD3;and/or, thesecond tubeedge12of theoneheatexchange tube1 (or thesecond tubeedge12
of the at least one heat exchange tube 1 of the plurality of heat exchange tubes 1) of the at least one row of heat exchange
tubes of the plurality of rows of heat exchange tubes and the second tube edge 12 of the one heat exchange tube 1 (or the
second tube edge 12 of the at least one heat exchange tube 1 of the plurality of heat exchange tubes 1) of the at least
another row of heat exchange tubes of the plurality of rows of heat exchange tubes are displaced from each other in the
third directionD3. For example, the first tubeedges11of at least someheat exchange tubes1of at least some rowsof heat
exchange tubes of the plurality of rows of heat exchange tubes and the first tube edges 11 of at least some heat exchange
tubes 1 of at least some other rows of heat exchange tubes of the plurality of rows of heat exchange tubes are displaced
fromeachother in the thirddirectionD3;and/or, thesecond tubeedges12of theat least someheatexchange tubes1of the
at least some rows of heat exchange tubes of the plurality of rows of heat exchange tubes and the second tube edges 12 of
the at least some heat exchange tubes 1 of the at least some other rows of heat exchange tubes of the plurality of rows of
heat exchange tubes are displaced from each other in the third direction D3.
[0069] Referring toFigs. 37‑40, 45‑46and49‑50, in theembodimentsof thepresent invention, thefirst slot edge211of at
least one heat exchanger slot 21 of the plurality of heat exchange tube slots 21 of at least one fin 2 of the plurality of fins 2
and the first slot edge 211 of at least another heat exchanger slot 21 of the plurality of heat exchange tube slots 21 of the at
least onefin2of theplurality of fins2aredisplaced fromeachother in the thirddirectionD3.Thesecondslot edge212of the
at least one heat exchanger slot 21 of the plurality of heat exchange tube slots 21 of the at least one fin 2 of the plurality of
fins2and thesecondslot edge212of theat least anotherheat exchanger slot 21of theplurality of heat exchange tubeslots
21of theat least onefin2of theplurality of fins2aresubstantially alignedwitheachother in the thirddirection. Forexample,
in the case that the heat exchange tube slot 21 of the plurality of fins 2 has no opening towards the second side S2 of the
heat exchanger 100, i.e., in the case that the heat exchange tube slot 21 is a closed heat exchange tube slot, the second
slot edge212of the at least oneheat exchange tube slot 21 of theplurality of heat exchange tubeslots 21of theat least one
fin2of theplurality of fins2and thesecondslot edge212of theat least another heat exchange tubeslot 21of theplurality of
heat exchange tube slots 21 of the at least one fin 2 of the plurality of fins 2may also displaced from each other in the third
direction D3. Referring to Figs. 31‑36, 41‑44 and 47‑50, in the embodiments of the present invention, the first slot edges
211 of the heat exchange tube slots 21 of the plurality of fins 2 are substantially alignedwith each other in the third direction
D3, and the second slot edges 212 of the heat exchange tube slots 21 of the plurality of fins 2 are substantially alignedwith
each other in the third direction D3. The heat exchange tube slots 21 of the plurality of fins 2 may have approximately the
same size in the third direction D3.
[0070] Referring to Figs. 1‑28, in the embodiments of the present invention, the heat exchange tube 1 of the plurality of
rows of heat exchange tubes includes a first end 18 positioned on one side of the heat exchange tube 1 in the second
directionD2andasecondend19positionedon theother sideof theheatexchange tube1 in theseconddirectionD2. In the
embodiments shown in Figs. 1‑4 and 13‑20, the heat exchanger 100 further includes: a first header 31 connected and
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fluidly communicatedwith thefirst ends18of theheatexchange tubes1of theplurality of rowsof heat exchange tubes;and
a second header 32 connected and fluidly communicated with the second ends 19 of the heat exchange tubes 1 of the
plurality of rowsof heat exchange tubes. Theheat exchange tubes 1of the plurality of rowsof heat exchange tubesmaybe
arranged intoone, two, three, fourormorecolumnsof theheatexchange tubes. In theembodiments shown inFigs.5‑8, the
heatexchanger100 further includes: afirst header31connectedandfluidly communicatedwith thefirst ends18of theheat
exchange tubes 1 of the plurality of columns of heat exchange tubes; and two second headers 32, one of the two second
headers 32 being connected and fluidly communicated with the second ends 19 of the heat exchange tubes 1 of at least
one column of the heat exchange tubes 1 of the plurality of columns of heat exchange tubes, and the other of the two
second headers 32 being connected and fluidly communicatedwith the second ends 19 of the heat exchange tubes 1 of at
least another column of the heat exchange tubes of the plurality of columns of heat exchange tubes. In the embodiments
shown in Figs. 21‑28, the heat exchanger 100 further includes: two first headers 31 and two secondheaders 32, one of the
twofirst headers31andoneof the twosecondheaders32beingconnectedandfluidly communicatedwith the first ends18
and the second ends 19 of the heat exchange tubes 1 of at least one column of the heat exchange tubes of the plurality of
columns of heat exchange tubes, respectively, and the other of the two first headers 31 and the other of the two second
headers 32 being connected and fluidly communicatedwith the first ends 18 and the secondends 19 of the heat exchange
tubes 1 of at least another column of the heat exchange tubes of the plurality of columns of heat exchange tubes,
respectively.Referring toFigs. 21‑24, the twofirst headers31maybeconnectedwitha refrigerant inlet pipeor a refrigerant
outlet pipe, and the two second headers 32 may be connected with a refrigerant outlet pipe or a refrigerant inlet pipe.
Referring to Figs. 25‑28, the two first headers 31 may be connected with each other by a connection pipe 7, and the two
second headers 32 may be connected with the refrigerant inlet pipe and the refrigerant outlet pipe, respectively. In the
embodiment shown in Figs. 9‑12, the heat exchanger 100 further includes: a connection portion 6, by which the first ends
18 of the heat exchange tubes 1 of one column of heat exchange tubes of the plurality of columns of heat exchange tubes
are connected and fluidly communicated with the first ends 18 of the heat exchange tubes 1 of another column of heat
exchange tubes of the plurality of columns of heat exchange tubes; and two second headers 32, one of the two second
headers 32 being connected and fluidly communicated with the second ends 19 of the heat exchange tubes 1 of the one
column of heat exchange tubes, and the other of the two second headers 32 being connected and fluidly communicated
with the second ends 19 of the heat exchange tubes 1 of the another column of heat exchange tubes. The connection
portion 6 may be a plurality of connection tubes 60, by which the first ends 18 of the heat exchange tubes 1 of the one
columnofheatexchange tubesareconnectedandfluidly communicatedwith thefirst ends18of theheatexchange tubes1
of the another column of heat exchange tubes, respectively. The connection portion 6may also enable the first ends 18 of
the heat exchange tubes 1 of the one column of heat exchange tubes to be connected and fluidly communicated with the
first ends 18 of the heat exchange tubes 1 of the another column of heat exchange tubes, but not being in one-to-one
correspondence relationship. The heat exchange tube 1 of the one column of heat exchange tubes, the connection tube
60, and theheat exchange tube1of theanother columnofheat exchange tubes,whichareconnectedwitheachother,may
be formed by bending one tube. The two second headers 32 may be connected to the refrigerant inlet pipe and the
refrigerant outlet pipe, respectively.
[0071] Referring to Figs. 1‑50, in the embodiments of the present invention, when viewed in the first direction D1, the fin
bodies 20 of the plurality of fins 2 are inclined relative to the third directionD3. The fin bodies 20 of the fins 2maybeparallel
to the first direction D1. For example, when viewed in the first direction D1, an angle between the fin bodies 20 of the
plurality of fins2and the thirddirectionD3 is less thanorequal to45degrees.Eachof theplurality of fins2also includesafin
segment29extending fromanedgeof thefinbody20on thefirst sideS1of theheatexchanger100 in the thirddirectionD3.
The fin segment 29 may be parallel to the first direction D1. When viewed in the first direction D1, the fin bodies 20 of the
plurality of fins2mayalsobeparallel to the thirddirectionD3. In theembodimentsof thepresent invention, the finbodies20
of theplurality of fins2are inclined relative to the thirddirectionD3, therefore, the inclinedfinbodies20may further promote
the rapid discharge of the defrosting water and improve the performance of the heat exchanger under the frosting
conditions.
[0072] Referring to Figs. 1‑32 and 21‑50, in the embodiments of the present invention, at least two heat exchange tube
slots21of theplurality of heatexchange tubeslots21ofat least onefin2of theplurality of fins2havesubstantially thesame
size in the third directionD3and theheat exchange tubes1of the rowsof heat exchange tubes inserted into theat least two
heat exchange tube slots 21has substantially the samesize in the third directionD3. For example, the heat exchange tube
slots21of theplurality of fins2havesubstantially thesamesize in the thirddirectionD3,and theheatexchange tubesof the
plurality of rows of heat exchange tubes have substantially the same size in the third direction D3. According to the
embodiments of the present invention, the heat exchange tube slot 21 of the plurality of fins 2 has an opening towards the
second side S2 of the heat exchanger 100, thereby making assembly simple. In addition, the gap forms a drainage
passage through which the defrosting water may quickly flow away, improving the performance under the frosting
conditions.Furthermore, thefinbodies20of theplurality of fins2are inclined relative to the thirddirectionD3, therefore, the
inclined fin bodies 20may further promote the rapid discharge of the defrosting water and improve the performance of the
heat exchanger under the frosting conditions.
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[0073] Referring to Figs. 33‑36, in the embodiments of the present invention, at least two heat exchange tube slots 21 of
theplurality of heat exchange tubeslots21ofat least onefin2of theplurality of fins2havesubstantially thesamesize in the
third direction D3, and the heat exchange tubes 1 of the rows of heat exchange tubes inserted into the at least two heat
exchange tube slots 21 has different sizes in the third direction D3. For example, the heat exchange tube slots 21 of the
plurality of fins 2 have substantially the same size in the third directionD3, and the heat exchange tubes 1 of the plurality of
rows of heat exchange tubes has different sizes in the third direction D3. In the embodiments of the present invention, the
gap forms a drainage passage through which the defrosting water may quickly flow away, improving the performance
under the frosting conditions. In addition, with the use of the heat exchange tubes with different widths, the gaps with
different sizes are formed, thereby forming the drainage passageswith different sizes, therefore, the discharge path of the
defrosting water are more flexibly and effectively managed, improving the performance of the heat exchanger under the
frosting conditions. In addition, the fin bodies 20 of the plurality of fins 2 are inclined relative to the third direction D3,
therefore, the inclined fin bodies 20 may further promote the rapid discharge of the defrosting water and improve the
performance of the heat exchanger under the frosting conditions.
[0074] Referring to Figs. 37‑38, in the embodiments of the present invention, at least two heat exchange tube slots 21 of
the plurality of heat exchange tube slots 21 of at least one fin 2 of the plurality of fins 2 have different sizes in the third
direction D3, and the heat exchange tubes 1 of the rows of heat exchange tubes inserted into the at least two heat
exchange tube slots 21 have substantially the same size in the third direction D3. For example, the heat exchange tube
slots 21of theplurality of fins2havedifferent sizes in the third directionD3, and theheat exchange tubes1of theplurality of
rows of heat exchange tubes have substantially the same size in the third direction D3. The first slot edges 211 of the heat
exchange tube slots are displaced from each other in the third direction D3, providing a larger plane for the flowing of the
defrostingwater locally. Thesurface tensionof this continuousplanecanpromote the faster flowingof thedefrostingwater,
improving the performance of the heat exchanger under the frosting conditions. With the use of the heat exchange tube
slots with different lengths, the gaps with different sizes are formed, thereby forming the drainage passages with different
sizes, therefore, the discharge path of the defrosting water are more flexibly and effectively managed, improving the
performance of the heat exchanger under the frosting conditions. In addition, the fin bodies 20 of the plurality of fins 2 are
inclined relative to the third directionD3, therefore, the inclined finbodies20may further promote the rapiddischargeof the
defrosting water and improve the performance of the heat exchanger under the frosting conditions.
[0075] Referring to Figs. 39‑40, in the embodiments of the present invention, at least two heat exchange tube slots 21 of
the plurality of heat exchange tube slots 21 of at least one fin 2 of the plurality of fins 2 have different sizes in the third
direction D3, and the heat exchange tubes 1 of the rows of heat exchange tubes inserted into the at least two heat
exchange tube slots 21 have different sizes in the third direction D3. For example, the heat exchange tube slots 21 of the
plurality of fins 2 have different sizes in the third directionD3, and the heat exchange tubes 1 of the plurality of rows of heat
exchange tubes have different sizes in the third direction D3. The first slot edges 211 of the heat exchange tube slots are
displaced from each other in the third direction D3, and the first tube edges 11 of the heat exchange tubes 1 are displaced
fromeach other in the third directionD3, providing a larger plane for the flowing of the defrostingwater locally. The surface
tension of this continuous plane can promote the faster flowing of the defrosting water, improving the performance of the
heat exchanger under the frosting conditions. With the use of the heat exchange tube slots with different lengths and the
heatexchange tubeswithdifferentwidths, thegapswithdifferent sizesare formed, thereby forming thedrainagepassages
with different sizes, therefore, the discharge path of the defrosting water are more flexibly and effectively managed,
improving theperformanceof the heat exchanger under the frosting conditions. In addition, the finbodies20of the plurality
of fins 2 are inclined relative to the third direction D3, therefore, the inclined fin bodies 20 may further promote the rapid
discharge of the defrosting water and improve the performance of the heat exchanger under frosting conditions.
[0076] In the embodiments of the present invention, the heat exchange tube 1may be a flat tube or any heat exchange
tube having two planes which are substantially parallel to each other. A width of the heat exchange tube 1 or a size of the
heat exchange tube 1 in the third direction is greater than a thickness of the heat exchange tube 1 or a size of the heat
exchange tube1 in thefirst direction.A lengthof theheatexchange tubeslot 21orasizeof theheatexchange tubeslot 21 in
the third direction is greater than awidth of the heat exchange tube slot 21 or a size of the heat exchange tube slot 21 in the
first direction. The thickness of the heat exchange tube 1may be less than or equal to the width of the heat exchange tube
slot 21.
[0077] Referring to Figs. 51 and 52, a bent heat exchanger 100’ according to an embodiment of the present invention is
formed by bending the above-mentioned heat exchanger 100. For example, the heat exchanger 100 is bent along a
bending line of the heat exchanger 100 in themiddle of the first direction D1 and parallel to the second direction, so that at
least one portion of the twoportions of the heat exchanger 100 on both sides of the bending line is towards the second side
S2of the heat exchanger 100, i.e., one side onwhich the opening of the heat exchange tube slot 21 is positioned. An angle
between the two portions of the heat exchanger 100 may be any appropriate angle.
[0078] Referring to Fig. 1, an air conditioning system according to an embodiment of the present invention includes: the
above-mentioned heat exchanger 100 or bent heat exchanger 100 ’. More specifically, the air conditioning system
includes: a compressor, a condenser, an evaporator, an expansion valve, etc.. At least one of the condenser and the
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evaporator may be the above-mentioned heat exchanger 100 or bent heat exchanger 100’.
[0079] With the heat exchanger, the bent heat exchanger and the air conditioning system having the heat exchanger or
the bent heat exchanger according to the embodiments of the present invention, for example, the performance of the heat
exchanger and the air conditioning system can be improved.
[0080] With the heat exchanger or the bent heat exchanger according to the embodiments of the present invention, by
displacing the tube edges of the heat exchange tubes in the third direction, or by displacing the slot edges of the heat
exchange tube slots of the fin in the third direction, or by displacing the tube edges of the heat exchange tubes in the third
direction andby displacing the slot edges of the heat exchange tube slots of the fin in the third direction, the flowpath of the
defrostingwater canbeflexiblymanaged,at thesame time, combinedwith the inclinedstructureof thefin, theflowingof the
defrostingwater is accelerated, further enhancing the discharge of the defrostingwater, and improving the performanceof
the heat exchanger and the air conditioning system under the frosting conditions.
[0081] Although the above embodiments are described, some features of the above embodiments and/or some of the
above embodiments may be combined to form new embodiments.

Claims

1. A heat exchanger comprising:

a plurality of rows of heat exchange tubes arranged in a first direction, each row of heat exchange tubes
comprising one heat exchange tube or a plurality of heat exchange tubes; and
a plurality of fins arranged in a second direction perpendicular to the first direction,
wherein
each of the plurality of fins comprises a fin body and a plurality of heat exchange tube slots formed in the fin body,
the one heat exchange tube of each row of heat exchange tubes of the plurality of rows of heat exchange tubes
being inserted into oneheat exchange tube slot of the plurality of heat exchange tube slots, or, the plurality of heat
exchange tubes of each rowof heat exchange tubesof the plurality of rowsof heat exchange tubesbeing inserted
into one heat exchange tube slot of the plurality of heat exchange tube slots; and
a length of at least one heat exchange tube slot, in a third direction perpendicular to the first direction and the
second direction, of the plurality of heat exchange tube slots of at least one fin of the plurality of fins is greater than
aheat exchange tubesizeof the rowof heat exchange tubes inserted into theat least oneheat exchange tube slot
in the third direction to forma gap for passage of water in the at least one heat exchange tube slot; in the case that
the row of heat exchange tubes comprises the one heat exchange tube, the heat exchange tube size is a size of
the one heat exchange tube in the third direction, and in the case that the row of heat exchange tubes comprises
theplurality of heat exchange tubes, theheatexchange tubesize isasumof sizesof theplurality of heat exchange
tubes in the third direction.

2. The heat exchanger according to claim 1, wherein

the fins and the heat exchange tubes of the heat exchanger satisfy the following relationship of:

where,Wf is awidth of the fin in the third direction, Lf is a length of the fin in the first direction,Wsi is a length of an ith
heat exchange tube slot from one side to the other side of the heat exchanger in the first direction, Tsi is a width of
the ith heat exchange tube slot from one side to the other side of the heat exchanger in the first direction, Pf is a
spacingbetweenadjacent fins, Tf is a thicknessof the finbodyof the fin,Wtij is a sizeof a jth heat exchange tube, of
the row of heat exchange tubes in the ith heat exchange tube slot from one side to the other side of the heat
exchanger in the first direction, from a first side to a second side of the heat exchanger in the third direction; when
the row of heat exchange tubes comprises the one heat exchange tube, j=1, and R is equal to 150.3. The heat
exchanger according to claim 1, wherein
at least one row of heat exchange tubes comprises the plurality of heat exchange tubes, and there is a gap
between at least two adjacent heat exchange tubes of the plurality of heat exchange tubes.

4. The heat exchanger according to claim 1, wherein
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the heat exchange tube comprises a first tube edge and a second tube edge, the first tube edge and the second
tube edge of the heat exchange tube being respectively positioned on outermost sides of the heat exchange tube
in the third direction, and the heat exchanger has a first side and a second side opposite to each other in the third
direction, the first tube edge of the heat exchange tube being closer to the first side of the heat exchanger than the
second tube edge of the heat exchange tube in the third direction;
theheatexchange tubeslot of the finhasafirst slot edgeandasecondslot edge, the first slot edgeand thesecond
slot edge of the heat exchange tube slot of the fin being respectively positioned on outermost sides of the heat
exchange tubeslot in the thirddirection, and the first slot edgeof theheat exchange tubeslot of the finbeing closer
to the first side of the heat exchanger than the second slot edgeof the heat exchange tube slot of the fin in the third
direction; and
there is agap in the third direction between the first slot edgeof at least oneheat exchange tube slot of the plurality
of heat exchange tubeslots of at least onefinof theplurality of finsand thefirst tubeedgeof theoneheatexchange
tube of the row of heat exchange tubes inserted into the at least one heat exchange tube slot, or, there is a gap in
the third direction between the first slot edge of the at least one heat exchange tube slot of the plurality of heat
exchange tube slots of the at least one fin of the plurality of fins and the first tube edge of one heat exchange tube,
of the plurality of heat exchange tubes closest to the first slot edge, of the rowof heat exchange tubes inserted into
the at least one heat exchange tube slot; and/or, there is a gap in the third direction between the second slot edge
of the at least one heat exchange tube slot of the plurality of heat exchange tube slots of at least one fin of the
plurality of fins and the second tube edge of the one heat exchange tube of the row of heat exchange tubes
inserted into the at least one heat exchange tube slot, or, there is a gap in the third direction between the second
slot edge of the at least one heat exchange tube slot of the plurality of heat exchange tube slots of the at least one
fin of the plurality of fins and the second tube edge of one heat exchange tube, of the plurality of heat exchange
tubes closest to the second slot edge, of the row of heat exchange tubes inserted into the at least one heat
exchange tube slot.

5. The heat exchanger according to claim 1, wherein

the heat exchange tube comprises a first tube edge and a second tube edge, the first tube edge and the second
tube edge of the heat exchange tube being respectively positioned on outermost sides of the heat exchange tube
in the third direction, and the heat exchanger has a first side and a second side opposite to each other in the third
direction, the first tube edge of the heat exchange tube being closer to the first side of the heat exchanger than the
second tube edge of the heat exchange tube in the third direction;
theheatexchange tubeslot of the finhasafirst slot edgeandasecondslot edge, the first slot edgeand thesecond
slot edge of the heat exchange tube slot of the fin being respectively positioned on outermost sides of the heat
exchange tubeslot in the thirddirection, and the first slot edgeof theheat exchange tubeslot of the finbeing closer
to the first side of the heat exchanger than the second slot edgeof the heat exchange tube slot of the fin in the third
direction; and
the heat exchange tubes of the plurality of rows of heat exchange tubes comprise a plurality of columns of heat
exchange tubes arranged in the third direction, each column of heat exchange tubes of the plurality of columns of
heat exchange tubes comprising a plurality of heat exchange tubes arranged in the first direction.

6. The heat exchanger according to claim 5, wherein
orthogonal projections of the heat exchange tubes of two adjacent rows of heat exchange tubes in a plane
perpendicular to the first direction are separated from each other in the third direction.

7. The heat exchanger according to claim 5, wherein
apluralityof gaps for thedrainageofwaterare formedbetweenat least someheatexchange tubeslotsofat least some
fins of the plurality of fins and the heat exchange tubes of the rows of heat exchange tubes inserted into the at least
some heat exchange tube slots, the plurality of gaps comprising a plurality of columns of gaps arranged in the third
direction, each column of gaps of the plurality of columns of gaps comprising a plurality of gaps arranged in the first
direction.

8. The heat exchanger according to claim 7, wherein
the gaps in at least two adjacent heat exchange tube slots are displaced from each other in the third direction.

9. The heat exchanger according to claim 5, wherein

the plurality of columns of heat exchange tubes are arranged sequentially from the first side to the second side of
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the heat exchanger in the third direction; and
there are gaps between the first slot edges of the heat exchange tube slots and the first tube edges of the heat
exchange tubes of a second column of heat exchange tubes of the plurality of columns of heat exchange tubes
inserted into the heat exchange tube slots in the third direction.

10. The heat exchanger according to claim 9, wherein
the first slot edges of the heat exchange tube slots and the first tube edges of the heat exchange tubes of a first column
of heat exchange tubes of the plurality of columns of heat exchange tubes inserted into the heat exchange tube slots
are substantially aligned with each other in the third direction.

11. The heat exchanger according to claim 5, wherein

the plurality of columns of heat exchange tubes are arranged sequentially from the first side to the second side of
the heat exchanger in the third direction; and
the first slot edges of some heat exchange tube slots, into which the heat exchange tubes of a second column of
heat exchange tubes of the plurality columnsof heat exchange tubesare inserted, are closer to the second side of
the heat exchanger than the first slot edgesof someother heat exchange tube slots, intowhich theheat exchange
tubes of a first column of heat exchange tubes of the plurality columns of heat exchange tubes are inserted.

12. The heat exchanger according to claim 7, wherein

the plurality of columns of gaps are arranged sequentially from the second side to the first side of the heat
exchanger in the third direction;
the gaps of odd numbered columns of gaps of the plurality of columns of gaps are formed in some heat exchange
tube slots of the plurality of heat exchange tube slots, and the gaps of even numbered columns of gaps of the
plurality of columns of gaps are formed in some other heat exchange tube slots of the plurality of heat exchange
tube slots; and
the some heat exchange tube slots and the some other heat exchange tube slots are arranged alternately in the
first direction.

13. The heat exchanger according to any one of claims 9 to 11, wherein

the heat exchange tubes of odd numbered columns of heat exchange tubes of the plurality of columns of heat
exchange tubes are provided in some heat exchange tube slots of the plurality of heat exchange tube slots, and
the heat exchange tubes of even numbered columns of heat exchange tubes of the plurality of columns of heat
exchange tubes are formed in some other heat exchange tube slots of the plurality of heat exchange tube slots;
and
the some heat exchange tube slots and the some other heat exchange tube slots are arranged alternately in the
first direction.

14. The heat exchanger according to any one of claims 5 to 12, wherein
the first tube edges of the heat exchange tubes of at least one column of heat exchange tubes of the plurality of
columnsofheat exchange tubesaresubstantially alignedwitheachother in the thirddirection, and/or, thesecond tube
edges of the heat exchange tubes of the at least one columnof heat exchange tubes of the plurality of columns of heat
exchange tubes are substantially aligned with each other in the third direction.

15. The heat exchanger according to claim 1, wherein

the heat exchange tube comprises a first tube edge and a second tube edge, the first tube edge and the second
tube edge of the heat exchange tube being respectively positioned on outermost sides of the heat exchange tube
in the third direction, and the heat exchanger has a first side and a second side opposite to each other in the third
direction, the first tube edge of the heat exchange tube being closer to the first side of the heat exchanger than the
second tube edge of the heat exchange tube in the third direction; and
the first tube edge of the one heat exchange tube, or the first tube edge of at least one heat exchange tube of the
plurality of heat exchange tubes, of at least one row of heat exchange tubes of the plurality of rows of heat
exchange tubes and the first tube edge of the one heat exchange tube, or the first tube edge of at least one heat
exchange tube of the plurality of heat exchange tubes, of at least another row of heat exchange tubes of the
plurality of rows of heat exchange tubes are displaced from each other in the third direction; and/or, the second
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tube edge of the one heat exchange tube, or the second tube edge of the at least one heat exchange tube of the
plurality of heat exchange tubes, of the at least one row of heat exchange tubes of the plurality of rows of heat
exchange tubes and the second tube edge of the one heat exchange tube, or the second tube edge of the at least
oneheat exchange tubeof theplurality of heat exchange tubes, of theat least another rowof heat exchange tubes
of the plurality of rows of heat exchange tubes are displaced from each other in the third direction.

16. The heat exchanger according to claim 1, wherein

theheatexchange tubeslot of the finhasafirst slot edgeandasecondslot edge, the first slot edgeand thesecond
slot edge of the heat exchange tube slot of the fin being respectively positioned on outermost sides of the heat
exchange tubeslot in the thirddirection, and the first slot edgeof theheat exchange tubeslot of the finbeing closer
to the first side of the heat exchanger than the second slot edgeof the heat exchange tube slot of the fin in the third
direction; and
the first slot edge of at least one heat exchange tube slot of the plurality of heat exchange tube slots of at least one
fin of the plurality of fins and the first slot edge of at least another heat exchange tube slot of the plurality of heat
exchange tube slots of the at least one finof the plurality of fins are displaced fromeachother in the third direction.

17. The heat exchanger according to claim 5, wherein
the first slot edges of the heat exchange tube slots of the plurality of fins are substantially alignedwith each other in the
third direction, and the second slot edges of the heat exchange tube slots of the plurality of fins are substantially
aligned with each other in the third direction.

18. The heat exchanger according to claim 1 or 5, wherein

theheatexchange tubeof thepluralityof rowsofheat exchange tubescomprisesafirst endpositionedononeside
of the heat exchange tube in the second direction and a second end positioned on the other side of the heat
exchange tube in the second direction; and
theheat exchanger further comprises: a first header connectedand fluidly communicatedwith the first endsof the
heat exchange tubes of the plurality of rows of heat exchange tubes; and a second header connected and fluidly
communicated with the second ends of the heat exchange tubes of the plurality of rows of heat exchange tubes.

19. The heat exchanger according to claim 5, wherein

theheatexchange tubeof thepluralityof rowsofheat exchange tubescomprisesafirst endpositionedononeside
of the heat exchange tube in the second direction and a second end positioned on the other side of the heat
exchange tube in the second direction; and
theheat exchanger further comprises: a first header connectedand fluidly communicatedwith the first endsof the
heat exchange tubes of the plurality of columns of heat exchange tubes; and two second headers, one of the two
second headers being connected and fluidly communicated with the second ends of the heat exchange tubes of
at least onecolumnof heat exchange tubesof theplurality of columnsof heat exchange tubes, and theother of the
twosecondheaders being connectedand fluidly communicatedwith the secondendsof the heat exchange tubes
of at least another column of heat exchange tubes of the plurality of columns of heat exchange tubes.

20. The heat exchanger according to claim 5, wherein

theheatexchange tubeof thepluralityof rowsofheat exchange tubescomprisesafirst endpositionedononeside
of the heat exchange tube in the second direction and a second end positioned on the other side of the heat
exchange tube in the second direction; and
the heat exchanger further comprises: a connecting portion, the first ends of the heat exchange tubes of one
column of heat exchange tubes of the plurality of columns of heat exchange tubes being connected and fluidly
communicated with the first ends of the heat exchange tubes of another column of heat exchange tubes of the
plurality of columns of heat exchange tubes by the connecting portion; and two second headers, one of the two
second headers being connected and fluidly communicated with the second ends of the heat exchange tubes of
the one column of heat exchange tubes, and the other of the two second headers being connected and fluidly
communicated with the second ends of the heat exchange tubes of the another column of heat exchange tubes.

21. The heat exchanger according to claim 20, wherein
the connection portion comprises a plurality of connection tubes, the first ends of the heat exchange tubes of the one
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column of heat exchange tubes being connected and fluidly communicated with the first ends of the heat exchange
tubes of the another column of heat exchange tubes by the plurality of connection tubes, respectively.

22. The heat exchanger according to claim 21, wherein
theheat exchange tubeof the one columnof heat exchange tubes, the connection tubeand theheat exchange tube of
the another column of heat exchange tubes, which are interconnected, are formed by bending one tube.

23. The heat exchanger according to claim 5, wherein

theheatexchange tubeof thepluralityof rowsofheat exchange tubescomprisesafirst endpositionedononeside
of the heat exchange tube in the second direction and a second end positioned on the other side of the heat
exchange tube in the second direction; and
the heat exchanger further comprises: two first headers and two secondheaders, one of the two first headers and
oneof the twosecondheadersbeingconnectedandfluidly communicatedwith the first endsand the secondends
of the heat exchange tubes of at least one column of heat exchange tubes of the plurality of columns of heat
exchange tubes, respectively, and theother of the twofirst headersand theother of the twosecondheadersbeing
connectedandfluidly communicatedwith thefirst endsand thesecondendsof theheatexchange tubesofat least
another column of heat exchange tubes of the plurality of columns of heat exchange tubes, respectively.

24. The heat exchanger according to claim 5, wherein
the heat exchange tubes of each column of heat exchange tubes of the plurality of columns of heat exchange tubes
and the heat exchange tubes of the adjacent column of heat exchange tubes of the plurality of columns of heat
exchange tubes are separated from each other in the third direction.

25. The heat exchanger according to claim 1, wherein
when viewed in the first direction, the fin bodies of the plurality of fins are inclined relative to the third direction.

26. The heat exchanger according to claim 25, wherein

theheatexchange tubeslot of the finhasafirst slot edgeandasecondslot edge, the first slot edgeand thesecond
slot edge of the heat exchange tube slot of the fin being respectively positioned on outermost sides of the heat
exchange tubeslot in the thirddirection, and the first slot edgeof theheat exchange tubeslot of the finbeing closer
to the first side of the heat exchanger than the second slot edgeof the heat exchange tube slot of the fin in the third
direction; and
each of the plurality of fins further comprises: a fin segment extending from an edge of on the fin body on the first
side of the heat exchanger in the third direction.

27. The heat exchanger according to claim 1, wherein
at least twoheat exchange tube slots of the plurality of heat exchange tube slots of at least one finof the plurality of fins
have substantially the same size in the third direction, and the heat exchange tubes of the rows of exchange tubes
inserted into the at least two heat exchange tube slots have substantially the same size in the third direction.

28. The heat exchanger according to claim 1, wherein

theheatexchange tubeslot of the finhasafirst slot edgeandasecondslot edge, the first slot edgeand thesecond
slot edge of the heat exchange tube slot of the fin being respectively positioned on outermost sides of the heat
exchange tubeslot in the thirddirection, and the first slot edgeof theheat exchange tubeslot of the finbeing closer
to the first side of the heat exchanger than the second slot edgeof the heat exchange tube slot of the fin in the third
direction; and
the heat exchange tube slot of the plurality of fins has an opening towards the second side of the heat exchanger.

29. A bent heat exchanger, wherein
the bent heat exchanger is formed by bending the heat exchanger according to claim 1.

30. An air conditioning system comprising:
the heat exchanger according to any one of claims 1 to 28 or the bent heat exchanger according to claim 29.
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