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Description
Technical Field

[0001] Embodiments described hereinrelate generally
to an air conditioner including an indoor unit which is, for
example, hung froma ceiling, and also to a heat exchang-
er.

Background Art

[0002] In an air conditioner provided with an indoor unit
which is hung from a beam provided an attic, the indoor
unit is internally partitioned into a heat exchange cham-
ber and a blowing chamber by a partition plate. In the
heat exchange chamber, a heat exchanger is provided,
and in the blowing chamber, a blower which sends air to
the heat exchanger is provided.

[0003] The heat exchanger comprises a plurality of
heat transfer pipes in which a refrigerant will flow and a
plurality of fins thermally connected to the heat transfer
pipes, and is formed in the shape of a straight, flat plate
as a whole. Also, the heat exchanger is provided in the
heat exchange chamber in such a way as to be greatly
frontward inclined with respect to the blower, in order that
the heat exchanger efficiently receive air sent from the
blower, and the indoor unit be made to have the smallest
possible thickness.

Citation List
Patent Literature

[0004] Patent Literature 1: JP 2006-343043 A

Summary of Invention
Technical Problem

[0005] In a conventional air conditioner, a heat ex-
changer formed in the shape of a straight, flat plate is
inclined in a heat exchange chamber. Inevitably, much
wasted space is provided in the heat exchange chamber,
and an indoor unit is made to have a greater depth. In
particular, it should be noted that the outside dimensions
of the heat exchanger increases in proportion to the ther-
mal capacity thereof, and thus the larger the thermal ca-
pacity of the heat exchanger, the larger the installation
space which needs to be provided in the heat exchange
chamber. Therefore, the indoor unit cannot be made
more compact.

[0006] In addition, the distance between the blower
and a front end portion of the heat exchanger is greatly
different from that between the blower and a rear end
portion of the heat exchanger. Thus, the amount of air
passing through the heat exchanger easily varies from
one location in the heat exchanger to another. Therefore,
the heat exchanger is susceptible to improvement in or-
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der that it be made to sufficiently fulfill its function.
Solution to Problem

[0007] An air conditioner according to an embodiment
includes a housing provided with a heat exchange cham-
ber and a blowing chamber, a heat exchanger provided
in the heat exchange chamber to perform heat exchange
between a refrigerant and air, and a blower provided in
the blowing chamber to send air to the heat exchanger.
The heat exchanger includes a first heat exchange unit
extending in a direction away from the blower, a second
heat exchange unit separated from the first heat ex-
change unitin the thickness direction of the housing, and
extending toward the blower, and a third heat exchange
unit connecting the first heat exchange unit and the sec-
ond heat exchange unit to each other.

Brief Description of Drawings
[0008]

FIG. 1 is a side view showing that in a first embodi-
ment, an indoor unit of an air conditioner is installed
an attic.

FIG. 2 is a perspective view showing that the indoor
unit is hung by four hanging bolts.

FIG. 3 is a perspective view showing the indoor unit
of the air conditioner as seen from behind the indoor
unit.

FIG. 4 is a perspective view showing the indoor unit
of the air conditioner as seen from below the indoor
unit.

FIG. 5 is a cross-sectional view of the indoor unit of
the air conditioner.

FIG. 6 is a perspective view of a heat exchanger to
be provided in a heat exchange chamber.

FIG. 7 is a side view showing the heat exchanger as
seen in a direction indicated by arrow F7 in FIG. 6.
FIG. 8 is a side view showing the heat exchanger as
seen in a direction indicated by arrow F8 in FIG. 6.
FIG. 9 is a perspective view showing the heat ex-
changer, whichisreverse to that ofthe heat exchang-
er as shown in FIG. 6.

FIG. 10 is a perspective enlarged view of part indi-
cated by F10 in FIG. 6.

FIG. 11 is side view showing a relationship between
first to third heat exchange units.

FIG. 12 is a perspective view showing the heat ex-
changer in the case where it is provided in the heat
exchange chamber.

FIG. 13 is a side view of fins, which shows the shapes
of slits.

FIG. 14 is a cross-sectional view taken along line
F14-F14 in FIG. 13.

FIG. 15 is an enlarged side view of the fins, which
shows raised portions defining the slits.

FIG. 16 is a cross-sectional view taken along line
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F16-F16 in FIG. 15.

FIG. 17 is a side view of a heat exchanger according
to a second embodiment, which shows arrangement
of heat transfer pipes of heat exchange units.

FIG. 18 is a perspective view of a heat exchanger
according to a third embodiment.

FIG. 19 s a cross-sectional view showing a position-
al relationship between fins and heat transfer pipes
in a fourth embodiment.

FIG. 20 is a cross-sectional view of an indoor unit
according to a fifth embodiment.

FIG. 21is a cross-sectional view of a heat exchanger
according to the fifth embodiment.

FIG. 22 is a cross-sectional view of an indoor unit
according to a sixth embodiment.

FIG. 23 is a cross-sectional view of an indoor unit
according to a seventh embodiment.

FIG. 24 is a cross-sectional view of an indoor unit
according to an eighth embodiment.

FIG. 25 is a cross-sectional view showing a proce-
dureinwhich aheatexchangeris manufactured, with
a fin assembly bent.

Best Mode for Carrying Out the Invention
[First embodiment]

[0009] The first embodiment will be described with ref-
erence to FIGS. 1 to 16.

[0010] FIG. 1 is a side view schematically showing an
indoor unit of an air conditioner, which is fixed an attic;
FIG. 2 is a perspective view showing that the indoor unit
is hung with four hanging bolts; FIG. 3 is a perspective
view of the indoor unit; FIG. 4 is a perspective view show-
ing an inner structure of the indoor unit; and FIG. 5 is a
cross-sectional view of the indoor unit.

[0011] AsshowninFIG. 1, for example, an indoor unit
1 is fixed an attic of a building. In the first embodiment,
the attic is ceiling space 4 defined by a beam 2 of the
building and a ceiling 3.

[0012] As shown in FIG. 3, the indoor unit 1 is formed
in the shape of a rectangular flat box having depth D,
width W and thickness H. In the indoor unit 1, depth D is
smaller than width W, and thickness H is sufficiently
smaller than depth D and width W.

[0013] The indoor unit 1 includes a housing 5 formed
of metal. The housing 5 is an element forming an outer
periphery of the indoor unit 1, and includes a top plate 6,
a first side plate 7, a second side plate 8, a bottom plate
9, afrontframe 10, aback plate 11 and a partition plate 12.
[0014] The top plate 6 includes an upper plate portion
6a extending in a horizontal direction and a flange portion
6b bent downwards from a peripheral edge of the upper
plate portion 6a.

[0015] Thefirstside plate 7 is located at an end portion
of the top plate 6 in a width direction. The first side plate
7 includes an upper end portion fixed to the flange portion
6b of the top plate 6 by a plurality of screws, and extends
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downwards from the end portion of the top plate 6. The
second side plate 8 is located at another end portion of
the top plate 6 in the width direction. The second side
plate 8 includes an upper end portion fixed to the flange
portion 6b of the top plate 6 by a plurality of screws, and
extends downwards from the above other end portion of
the top plate 6. Thus, the first side plate 7 and the second
side plate 8 are spaced from each other to face each
other in the width direction of the indoor unit 1.

[0016] The bottom plate 9 is fixed to the front frame 10
and the partition plate 12 in such a way as to extend
between an end portion of the first side plate 7 and an
end portion of the second side plate 8, thereby forming
the bottom of the housing 5. The length of the bottom
plate 9 in the depth direction of the housing 5 is substan-
tially half depth D of the housing 5. A region of the bottom
of the housing 5 which is other than the bottom plate 9
forms an elongate intake 14. The intake 14 faces an in-
take grille 15 provided in a ceiling 3. The front frame 10
is fixed to a front edge of the top plate 6, a front edge of
the first side plate 7 and a front edge of the second side
plate 8 by a plurality of screws. The front frame 10 forms
an elongate outlet 16 at a front end of the housing 5. As
shown in FIG. 1, an outlet duct 17 is connected to the
outlet 16. The outlet duct 17 is provided in the ceiling
space 4, and also connected to an outlet grille (not
shown) provided in the ceiling 3.

[0017] The back plate 11 is detachably fixed to a rear
edge of the top plate 6, a rear edge of the first side plate
7 and a rear edge of the second side plate 8 by a plurality
of screws. The back plate 11 has a size determined in
accordance with the intake 14. Therefore, after the back
plate 11 is detached from the rear edge of the top plate
6, the read edge of the first side plate 7 and the rear edge
of the second side plate 8, it can be fixed to the bottom
of the housing 5 by a plurality of screws in such a way to
cover the intake 14. When the back plate 11 is fixed to
the bottom of the housing 5, a region surrounded by the
rear edge of the top plate 6, the rear edge of the first side
plate 7, the rear edge of the second side plate 8 and the
rear edge of the back plate 11 functions as an intake.
[0018] As shown in FIGS. 4 and 5, the partition plate
12 is raised along a side edge of the intake 14. A periph-
eral portion of the partition plate 12 is jointed to a lower
surface of the top plate 6, an inner surface of the first
side plate 7 and an inner surface of the second side plate
8. The partition plate 12 partitions the inside of the hous-
ing 5 into two chambers, i.e., a blowing chamber 18 and
a heat exchange chamber 19. Furthermore, part of an
inner surface of the first side plate 7 which is located in
the heat exchange chamber 19 is covered by a first side-
portion heat-insulating material 13a. Similarly, part of the
second side plate 8 which is located in the heat exchange
chamber 19 is covered by a second side-portion heat-
insulating material 13b.

[0019] The blowing chamber 18 includes the intake 14.
A blower 21 is provided in the blowing chamber 18. As
shown in FIG. 4, the blower 21 comprises a fan motor 22



5 EP 3 091 295 A1 6

and a pair of fans 23a and 23b.

[0020] The fan motor 22 includes two rotation shafts
24a and 24b which coaxially project from its both side
surfaces, and to which the fans 23a and 23b are attached.
The fans 23a and 23b are surrounded by fan cases 25a
and 25b, respectively. The fan cases 25a and 25b include
nozzle portions 26a and 26b which penetrate the partition
plate 12. The nozzle portions 26a and 26b include blast
openings 27a and 27b which communicate with the heat
exchange chamber 19.

[0021] The heat exchange chamber 19 includes the
outlet 16 and a machine compartment 20 as shown in
FIG. 2. The machine compartment 20 contains a drain
pump, a refrigerant distributor, etc., and is divided from
the heat exchange chamber 19 by a machine-compart-
ment partition plate 20a.

[0022] As shown in FIG. 5, a heat exchanger 28 and
a drain pan 29 are provided in the heat exchange cham-
ber 19. The heat exchanger 28 extends in the width di-
rection of the indoor unit 1, and is located between the
machine-compartment partition plate 20a and the sec-
ond side-portion heat-insulating material 13b.

[0023] Furthermore, an upper end portion of the heat
exchanger 28 is pushed and put into contact with an up-
per-portion heat-insulating material 30. The upper-por-
tion heat-insulating material 30 is located between the
upper end portion of the heat exchanger 28 and the top
plate 6. The first side-portion heat-insulating material
13a, the second side-portion heat-insulating material 13b
and the upper-portion heat-insulating material 30 re-
stricts transmission of heat generated in a refrigeration
cycle operation of the heat exchanger 28 to the housing 5.
[0024] The drain pan 29 is provided under the heat
exchanger 28. The drain pan 29 is formed of a heat-
insulating material such as foam polystyrene. The drain
pan 29 supports the heat exchanger 28 from underneath,
and receives drained water dropping from the heat ex-
changer 28.

[0025] As shown in FIG. 2, the housing 5, which con-
tains the blower 21 and the heat exchanger 28, is hung
from the beam 2 of the building, with for example, four
hanging bolts 31 interposed between the housing 5 and
the beam 2. To be more specific, four metallic hanging
fittings 32 are fixed to the top plate 6 of the housing 5.
The metallic hanging fittings 32 horizontally projectin four
directions from four corners of the top plate 6 toward four
parts of the housing 5, respectively, and lower end por-
tions of the hanging bolts 31 are coupled to the metallic
hanging fittings 32, respectively.

[0026] As shown in FIGS. 5 to 9, the heat exchanger
28 according to the first embodiment comprises a first
heat exchange unit 35, a second heat exchange unit 36
and a third heat exchange unit 37. The first to third heat
exchange units 35, 36 and 37 are examples of first to
third heat exchange portions. In the first embodiment,
the first to third heat exchange units 35, 36 and 37 are
separate elements provided independent of each other,
and are combined and formed in a predetermined three-
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dimensional shape.

[0027] More specifically, the first heat exchange unit
35 is provided in an upper region of the heat exchange
chamber 19, and extends in a direction away from the
blower 21 and also in the depth direction of the indoor
unit 1. The first heat exchange unit 35 is slightly upwardly
inclined to extend in the direction away from the blower
21.

[0028] The second heat exchange unit 36 is provided
in a bottom region of the heat exchange chamber 19, and
is separated from the first heat exchange unit 35 in the
thickness direction of the housing 5. The second heat
exchange unit 36 also extends in a direction toward the
blower 21 and in the depth direction of the indoor unit 1,
and is slightly downwardly inclined to extend in the direc-
tion toward the blower 21.

[0029] The third heatexchange unit 37 connects arear
end portion of the first heat exchange unit 35 and a front
end portion of the second heat exchange unit 36 to each
other. The third heat exchange unit 37 is raised in the
heat exchange chamber 19 to face the blast openings
27a and 27b of the fan cases 25a and 25b and the par-
tition plate 12.

[0030] Inotherwords, the heat exchanger 28 compris-
es: the third heat exchange unit 37 which is raised to face
the blast openings 27a and 27b and the partition pate
12; the first heat exchange unit 35 which obliquely up-
wardly extends from an upper end portion of the third
heat exchange unit 37 toward the outlet 16; and the sec-
ond heat exchange unit 36 which obliquely downwardly
extends from a lower end portion of the third heat ex-
change unit 37 toward the partition plate 12.

[0031] Therefore, in the first embodiment, as seen in
side view of the indoor unit 1, the first to third heat ex-
change units 35, 36 and 37 are combined and continu-
ously formed substantially in a Z-shape.

[0032] As shown in FIGS. 6 to 9, the first to third heat
exchange units 35, 36 and 37 each comprise a plurality
of fins 38, plural heat transfer pipes 39 which arefrigerant
will flow, a first end plate 40 and a second end plate 41.
[0033] Thefins 38 are each, forexample, a rectangular
plate formed of aluminum, and include a pair of linear
long sides 43a and 43b and a pair of linear short sides
44a and 44b. The long sides 43a and 43b are parallel to
each other. The short sides 44a and 44b are parallel to
each other, and extend in such an oblique direction as
to cross the long sides 43a and 43b.

[0034] The fins 38 include such plural engagement
holes 45 as shown in FIG. 14. The engagement holes 45
are formed by performing, for example, burring process-
ing on the fins 38, and include cylindrical flange portions
45a raised from the fins 38. As shown in FIG. 5, for ex-
ample, engagement holes 45 are arranged in four rows
along the long sides 43a and 43b of the fins 38, and also
in three rows along the short sides 44a and 44b of the
fins 38. The direction along the long sides 43a and 43b
can be translated into a step direction, and the direction
along the short sides 44a and 44b can be translated into
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a row direction.

[0035] Furthermore, fins 38 are arranged in a single
row and at intervals in the width direction of the indoor
unit 1. Distal ends of the flange portions 45a raised from
the fins 38 are provided such that the distal end of the
flange portion 45a raised from one of adjacent fins 38 is
pushed and put into contact with the engagement hole
45 of the other fin 38 and also coaxially aligned with the
engagement hole 45. Thus, between the adjacent fins
38, anair passage 46 is provided through which air flows.
[0036] Asshown in FIGS. 13 to 16, each of the fins 38
of the first to third heat exchange units 35, 36 and 37
includes a plurality of slits 71. The slits 71 are formed by
cutting and raising part of the fins 38 which is located
between engagement holes 45 arranged in the step di-
rection, and raised portions 72 defining the slits 71 over-
hang into the air passage 46. The slits 71 extend in a
direction where the engagement holes 45 are arranged
in the step direction, such that between any adjacent en-
gagement holes 45, three slits 45 are provided. By virtue
of provision of the slits 71, the heat transfer area of the
fins 38 is increased, and the heat exchange function of
the heat exchanger 28 is improved.

[0037] The heat transfer pipes 39 are formed of, for
example, copper pipes having an excellent thermal con-
ductivity. Each of the heat transfer pipes 39 comprises
two linear pipe portions 39a linearly which extend in the
width direction of the indoor unit 1 and a bent pipe portion
39b which is bent and substantially U-shaped. The linear
pipe portions 39a of the heat transfer pipes 39 continu-
ously communicate with the engagement holes 45 of the
fins 38. The linear pipe portions 39a are inserted into the
engagement holes 45 of the fins 38, and their bores are
then expanded by a rod-like jig, as a result of which the
linear pipe portions 39a are firmly broughtin intimate con-
tact with the inner surfaces of the flange portions 45a.
Thereby, the heat transfer pipes 39 are united with the
fins 38 such that heat transfer pipes 39 are arranged in
two rows in the step direction and also in three rows in
the row direction; and they are also thermally connected
to the fins 38.

[0038] As shown in FIGS. 6 to 8, the first and second
end plates 40 and 41 are flat plates formed of, for exam-
ple, hot-dip galvanized copper plates, and have shapes
and sizes determined in accordance with the fins 38.
[0039] To be more specific, as shown in FIG. 7, the
first end plate 40 includes a pair of linear long sides 47a
and 47b and a pair of linear short sides 48a and 48b. The
long sides 47a and 47b are parallel to each other. The
short sides 48a and 48b are parallel to each other, and
extend in such an oblique direction as to cross the long
sides 47a and 47b. The long sides 47a and 47b of the
first end plate 40 extend along the long sides 43a and
43b of the fins 38, and the short sides 48a and 48b of
the first end plate 40 extend along the short sides 44a
and 44b of the fins 38.

[0040] As shown in FIG. 8, the second end plate 41
includes a pair of linear long sides 50a and 50b and a
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pair of linear short sides 51a and 51b. The long sides
50a and 50b are parallel to each other. The short sides
51a and 51b are parallel to each other, and extend in
such an oblique direction as to cross the long sides 50a
and 50b. The long sides 50a and 50b of the second end
plate 41 extend along the long sides 43a and 43b of the
fins 38, and the short sides 48a and 48b of the second
end plate 41 extend along the short sides 44a and 44b
of the fins 38.

[0041] As shown in FIGS. 6 and 7, the first end plate
40 is adjacent to one of outermost ones of the fins 38 in
a direction in which the fins 38 are arranged. Open ends
of the linear pipe portions 39a of the heat transfer pipes
39 penetrate the first end plate 40 to project to a side of
the first end plate 40.

[0042] The second end plate 41 is adjacentto the other
outermost one of the fins 38 in the arrangement direction
of the fins 38. The bent portions 39b of the heat transfer
pipes 39 project to a side of the second end plate 41.
[0043] Therefore, in each of the first to third heat ex-
change units 35, 36 and 37, fins 38 are arranged in a row
between the first end plate 40 and the second end plate
41, and the linear pipe portions 39a of heat transfer pipes
39, which are arranged in four rows in the step direction
and in three rows in the row direction, are provided to
linearly extend between the first end plate 40 and the
second end plate 41.

[0044] Asshownin FIGS. 6 and 7, flange portions 53a
and 53b are formed integral with the long sides 47a and
47b of the first plate 40. The flange portions 53a and 53b
are bent at a right angle to the first end plate 40 in a
direction away from the fins 38.

[0045] Asshownin FIGS. 6 and 8, flange portions 54a
and 54b are formed integral with the long sides 50a and
50b of the second end plate 41. The flange portions 54a
and 54b are bent at a right angle to the second end plate
41 in a direction away from the fins 38.

[0046] AsshowninFIG. 10, a pair of boss portions 55a
and 55b are formed at the flange portion 54a, i.e., one
of the flange portions of the second end plate 41, which
forms the third heat exchange unit 37. The boss portions
55a and 55b project from a surface of the flange portion
54a, and are separated from each other in the longitudinal
direction of the flange portion 54a.

[0047] As showninFIGS. 6 to 10, the first to third heat
exchange units 35, 36 and 37 are coupled to each other
by first to first to fourth brackets 57a, 57b, 57c and 57d.
[0048] The first to fourth brackets 57a, 57b, 57¢ and
57d are elements identical to each other, and each in-
clude a first fixture portion 58a and a second fixture por-
tion 58b. The first fixture portion 58a and the second fix-
ture portion 58b are formed in the shape of an elongate
plate, and the first fixture portion 58a is longer than the
second fixture portion 58b. The second fixture portion
58b extends from one of ends of the first fixture portion
58a in an oblique direction at, for example, a greater an-
gle than aright angle to the first fixture portion 58a. Thus,
the first to fourth brackets 57a, 57b, 57c and 57d are bent
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substantially in an L-shape.

[0049] The first fixture portions 58a of the first to fourth
brackets 57a, 57b, 57¢ and 57d include a plurality of
through holes 59 and recess portions 60. The through
holes 59 are spaced from each other in the longitudinal
direction of the first fixture portions 58a, and each have
such a size as to be engaged with any of the boss portions
55aand 55b formed at the flange portion 54a. The recess
portions 60 are located at respective other ends of the
first fixture portions 58a. Each of the recess portions 60
has such a size as to be engaged with any of the boss
portions 55a and 55b formed at the flange portion 54a.
Furthermore, the second fixture portions 58b, as well as
the first fixture portions 58a, include a plurality of through
holes 59. The through holes 59 are spaced from each
other in the longitudinal directions of the second fixture
portions 58b.

[0050] As shown in FIG. 6, the first bracket 57a and
the second bracket 57b couple the first to third heat ex-
change units 35, 36 and 37 to each other on a side where
the first end plate 40 is located. The third bracket 57¢
and the fourth bracket 57d couple the first to third heat
exchange units 35, 36 and 37 to each other on a side
where the second end plate 41 is located.

[0051] To be more specific, as shown in FIGS. 6, 8 and
10, in the third bracket 57c and the fourth bracket 57d,
the first fixture portions 58a are stacked on flange por-
tions 54a of the second end plate 41, which are included
in the third heat exchange unit 37.

[0052] In this case, the third bracket 57c¢ is fixed to an
upper portion of the flange portion 54a by a screw 62,
with the recess portion 60 of its first fixture portion 58a
engaged with the boss portion 55a. The screw 62 is
screwed into the flange portion 54a through any of the
through holes 59 formed in the first fixture portion 58a.
When the first fixture portion 58a is fixed to the upper
portion of the flange portion 54a, the second fixture por-
tion 58b of the third bracket 57c extends from the first
fixture portion 58a to a location forward of the third heat
exchange unit 37.

[0053] The second fixture portion 58b of the third
bracket 57cis fixed to the flange portion 54a of the second
end plate 41, which is included in the first heat exchange
unit 35, by a screw 62. The screw 62 is screwed into the
flange portion 54a through any of the through holes 59
formed in the second fixture portion 58b.

[0054] The fourth bracket57dis fixed to alower portion
of the flange portion 54a by a screw 62, with the boss
portion 55b engaged with any of the through holes 59 of
the first fixture portion 58a. The screw 62 is screwed into
the flange portion 54a through any of the through holes
59 of the first fixture portion 58a. When the first fixture
portion 58a is fixed to the lower portion of the flange por-
tion 54a, the second fixture portion 58b of the fourth
bracket 57d extends from the first fixture portion 58a to
a location rearward of the third heat exchange unit 37.
[0055] The second fixture portion 58b of the fourth
bracket 57d is fixed to the flange portion 54a of the second
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end plate 41, which is included in the second heat ex-
change unit 36, by a screw 62. The screw 62 is screwed
into the flange portion 54a through any of the through
holes 59 formed in the second fixture portion 58b.
[0056] AsshowninFIG.8,thefirstbracket57aextends
in the same direction as the third bracket 57c and be-
tween the flange portion 53a of the first end plate 40,
which is included in the first heat exchange unit 35 and
the flange portion 53a of the first end plate 40, which is
included in the third heat exchange unit 37. The first fix-
ture portion 58a of the first bracket 57a is fixed to the
flange portion 53a of the third heat exchange unit 37 by
a screw 62. The second fixture portion 58b of the first
bracket 57a is fixed to the flange portion 53a of the first
heat exchange unit 35 by a screw 62.

[0057] Similarly, the second bracket 57b extendsinthe
same direction as the fourth bracket 57d and between
the flange portion 53a of the first end plate 40, which is
included in the second heat exchange unit 36, and the
flange portion 53a of the first end plate 40 which is in-
cluded in the third heat exchange unit 37. The first fixture
portion 58a ofthe second bracket 57b is fixed to the flange
portion 53a of the third heat exchange unit 37 by a screw
62. The second fixture portion 58b of the second bracket
57b is fixed to the flange portion 53a of the second heat
exchange unit 36 by a screw 62.

[0058] By virtue of the above structure, the first to third
heat exchange units 35, 36 and 37, which are formed
independent of each other, are coupled to each other to
be substantially Z-shaped, by the first to fourth brackets
57a, 57b, 57c and 57d.

[0059] When the first to third heat exchange units 35,
36 and 37 are coupled to each other, the short sides 44b
of the fins 38, which are included in the first heat ex-
change unit 35, and the short sides 44a of the fins 38,
which are included in the third heat exchange unit 37,
are jointed to each other. Similarly, the short sides 44a
of the fins 38, which are included in the second heat ex-
change unit 36, and the short sides 44b of the fins 38,
which are included in the third heat exchange unit 37,
are jointed to each other.

[0060] As a result, in the boundary between the rear
end portion of the first heat exchange unit 35 and the
upper end of the third heat exchange unit 37 and that
between the front end portion of the second heat ex-
change unit 36 and the lower end portion of the third heat
exchange unit 37, a gap is not provided which would
cause an air leak.

[0061] As shown in FIGS. 6 and 7, open ends of the
linear pipe portions 39a of the heat transfer pipes 39,
which penetrate the first end plate 40, are connected to
each other by a plurality of return bends 65. Of the return
bends 65, some return bends 65 extend between the first
heat exchange unit 35 and the third heat exchange unit
37, and some return bends 65 extend between the sec-
ond heat exchange unit 36 and the third heat exchange
unit 37.

[0062] AsshowninFIG. 8, the bent portions 39b of the
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heat transfer pipes 39 project from the second end plate
41 such that in each of the first to third heat exchange
units 35, 36 and 37, bent portions 39b are arranged in
two rows in the step direction and also in three rows in
the row direction. Furthermore, the bent portions 39b are
interposed between the flange portions 54a and 54b of
the second end plate 41.

[0063] Thus, the heat transfer pipes 39 and the return
bends 65 are combined into a refrigerant passage which
is bent in a meandering manner.

[0064] AsshowninFIG. 11 the firstheat exchange unit
35 and the second heat exchange unit 36 are identical
elements, and have the same shape. In other words, the
firstheat exchange unit 35 and the second heat exchange
unit 36 extend from the third heat exchange unit 37 such
that they are inclined at the same angle.

[0065] Furthermore, the third heat exchange unit 37 is
shaped axisymmetrically with respect to the first heat ex-
change unit 35 and the second heat exchange unit 36.
Thus, in the first embodiment, all the fins 38 of the first
to third heat exchange units 35, 36 and 37 are made to
function in the same manner.

[0066] Inthe case where the heat exchanger 28 is pro-
vided in the heat exchange chamber 19 of the housing
5, the bent portions 39 of the heat transfer pipes 39 are
interposed between the second side-portion heat-insu-
lating material 13b and the second end plates 41 of the
firstto third heat exchange units 35, 36 and 37. The flange
portions 54a of the second end plates 41 overhang from
the second end plate 41 toward the second side-portion
heat-insulating material 13b to stop gaps between the
second end plates 41 and the second side-portion heat-
insulating material 13b.

[0067] Furthermore, in the first embodiment, as shown
in FIG. 12, an end portion of the flange portion 54a of the
third heat exchange unit 37, which is raised in the heat
exchange chamber 19, extends toward an end portion
of the flange portion 54a of the second heat exchange
unit 36. It is therefore possible to reduce as much as
possible a gap between adjacent flange portions 54a,
which would cause air leak, and also to reduce the
amount of air which leaks without thermal exchange.
[0068] In the first embodiment, when the fans 23a and
23b are rotated by the fan motor 22, the fans 23a and
23b take air in the blowing chamber 18 in the axial direc-
tion, and discharge the air from the outer peripheral sur-
faces of the fans 23a and 23b toward the inner sides of
the fan cases 25a and 25b.

[0069] Thus, as indicated by arrows in FIGS. 1 and 5,
air in a compartment in the building is taken from the
intake grille 15 of the ceiling 3 into the blowing chamber
18 through the intake 14 of the housing 5. The air taken
in the blowing chamber 18 blows out from the blast open-
ings 27a and 27b of the fan cases 25a and 25b toward
the heat exchanger 28.

[0070] The third heat exchange unit 37 of the heat ex-
changer 28 is raised in the heat exchange chamber 19
in such a way as to face the blast openings 27a and 27b,
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as a result of which much of air which blows out from the
blast openings 27a and 27b into the heat exchange
chamber 19 passes between the fins 38 of the third heat
exchange unit 37. The remainder of the air blowing into
the heat exchange chamber 19 passes between the fins
38 of the first heat exchange unit 35, which extend from
the upper end portion of the third heat exchange unit 37
toward the outlet 16 and also between the fins 38 of the
second heat exchange unit 36, which extend from the
lower end portion of the third heat exchange unit 37 to-
ward the partition plate 12.

[0071] As aresult, the heat exchanger 28 changes the
air blowing out from the blast openings 27a and 27b into
a heat exchange air such as chilled or warm air because
of a heat exchange between the above air and the refrig-
erant which flows through the heat transfer pipes 39. The
heat exchange air is sent from the outlet 16 into the com-
partment through the outlet duct 17.

[0072] According to the first embodiment, the heat ex-
changer 28 is formed by combining and forming the first
to third heat exchange units 35, 36 and 37 substantially
in a Z-shape, and is bent in a three-dimensional shape.
Thus, the dimension of the heat exchanger 28 along the
depth direction of the heat exchange chamber 19 can be
shortened, as compared with the case where a conven-
tional linear heat exchanger is inclined in the heat ex-
change chamber.

[0073] As aresult, the heat exchange chamber 19 can
be made to have a smaller depth dimension, and the
housing 5 of the indoor unit 1 can be made more compact.
[0074] Furthermore, since the heat exchanger 28 is
bent, the thermal capacity of the heat exchanger 28 can
be sufficiently ensured. Therefore, a heat exchanger 28
made to have a great thermal capacity can be provided
in a small heat exchange chamber 19, and an indoor unit
1 having an excellent heat exchange function can be pro-
vided.

[0075] In addition, where the housing 5 is made com-
pact, it can be made lighter. Thus, the workability of in-
stalling the indoor unit 1 in the ceiling space 4 is improved.
Furthermore, since the housing 5 is compact, it is possi-
ble to reduce the manufacturing cost of the housing 5,
and obtain an inexpensive indoor unit 1.

[0076] Also, according to the first embodiment, since
the third heat exchange unit 37 is raised in the heat ex-
change chamber 19, the difference between the distance
from the open ends of the blast openings 27a and 27b
to the front end of the first heat exchange unit 35 and that
from the open ends of the blast openings 27a and 27b
to the rear end of the second heat exchange unit 37 is
reduced, as compared with the case where the conven-
tional linear heat exchanger is inclined in the heat ex-
change chamber. Itis therefore possible to make air blow
substantially uniformly to the heat exchanger, and obtain
an excellent heat exchange function.

[0077] In particular, it should be noted that in the first
embodiment, the first heat exchange unit 35 is upwardly
inclined from the upper end of the third heat exchange
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unit 37 toward the outlet 16, and the second heat ex-
change unit 36 is downwardly inclined from the lower end
of the third heat exchange unit 37 toward the partition
plate 12. Thus, air easily blows on the rear surfaces of
the first heat exchange unit 35 and the second heat ex-
change unit 36, and it is possible to ensure the amount
of air passing through the first heat exchange unit 35 and
the second heat exchange unit 36. Therefore, a heat ex-
changer 28 having an excellent heat exchange function
can be obtained.

[0078] Furthermore, according tothe firstembodiment,
a gap which would air leak is not made in the boundary
between the first heat exchange unit 35 and the third heat
exchange unit 37 or in that between the second heat
exchange unit 36 and the third heat exchange unit 37.
Thus, it is possible to reduce the amount of air which
leaks, without heat exchange, from the boundaries be-
tween the first to third heat exchange units 35, 36 and
37, to the minimum, and it is therefore advantageous in
improvement of the heat exchange function of the heat
exchanger 28.

[0079] In addition, in the first embodiment, all the fins
38 of the first to third heat exchange units 35, 36 and 37
are made identical to each other, and the number of com-
ponents of the heat exchanger 28 can be reduced. As a
result, the cost of the heat exchanger 28 can be reduced,
and it is also advantageous in achievement of an inex-
pensive indoor unit 1.

[0080] In the first embodiment, although the third heat
exchange unit 37 is raised in the heat exchange chamber
19, for example, it may be forwardly inclined such that
its upper end portion is closer to the outlet 16 than its
lower end portion, or it may be backwardly inclined such
that its lower end portion is closer to the outlet 16 than
its upper end portion.

[Second embodiment]

[0081] FIG. 17 discloses the second embodiment. The
second embodiment is different from the first embodi-
ment in matter regarding the arrangement of the linear
pipe portions 39a of the heat transfer pipes 39. With re-
spect to the other structural features of the heat exchang-
er 28, the second embodiment is the same as the first
embodiment. Therefore, with respect to the second em-
bodiment, structural elements identical to those in the
first embodiment will be denoted by the same reference
numbers as in the first embodiment, respectively, and
their detailed explanations will be omitted.

[0082] As shown in FIG. 17, in each of the first to third
heat exchange units 35, 36 and 37, linear pipe portions
39a of heat transfer pipes 39 are arranged at predeter-
mined pitch P1 in the row direction and arranged in at
predetermined pitch P2 in the step direction. Pitch P2 is
set greater than pitch P1.

[0083] Intheboundarybetweenthefirstheatexchange
unit 35 and the third heat exchange unit 37, the linear
pipe portions 39a of three heat transfer pipes 39 of the
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first heat exchange unit 35 are adjacent to the linear pipe
portions 39a of three heat transfer pipes 39 of the third
heat exchange unit 37, respectively. Pitch P3 between
the linear pipe portions 39a of heat transfer pipes 39 lo-
cated adjacent to each other with respect to line S1 ex-
tending in the above boundary is set equal to pitch P1
described above. Also, pitch P4 between the linear pipe
portions 39a of heat transfer pipes 39 located adjacent
to each other in the step direction with respect to line S1
is set equal to pitch P2 described above.

[0084] Similarly, in the boundary between the second
heat exchange unit 36 and the third heat exchange unit
37, the linear pipe portions 39a of three heat transfer
pipes 39 of the second heat exchange unit 36 are adja-
cent to the linear pipe portions 39a of three heat transfer
pipes 39 of the third heat exchange unit 37, respectively.
Pitch P5 between the linear pipe portions 39a of heat
transfer pipes 39 located adjacent to each other with re-
spect to line S2 extending in the above boundary is set
equal to pitch P1 described above. Also, pitch P6 be-
tween the linear pipe portions 39a of heat transfer pipes
39 located adjacent to each other in the step direction
with respect to line S2 extending in the above boundary
is set equal to pitch P2 described above.

[0085] According to the second embodiment, the first
to third heat exchange units 35, 36 and 37 are combined
together such that pitches P3 and P4 between the linear
pipe portions 39a of heat transfer pipes 39 located adja-
cent to each other with respect to the boundary between
the first heat exchange unit 35 and the third heat ex-
change unit 37 and pitches P5 and P6 between the linear
pipe portions 39a of heat transfer pipes 39 located adja-
cent to each other with the boundary between the second
heat exchange unit 36 and the third heat exchange unit
37 are equalto pitches P1 and P2 of the liner pipe portions
39a of the heat transfer pipes 39 which are set in each
of the first to third heat exchange units 35, 36 and 37.
[0086] Therefore, it is possible to reduce the kinds of
return bends to be provided to extend between the heat
transfer pipes 39 of the first heat exchange unit 35 and
the heat transfer pipes 39 of the third heat exchange unit
37 and return bends to be provided to extend between
the heat transfer pipes 39 of the second heat exchange
unit 36 and the heat transfer pipes 39 of the third heat
exchange unit 37. Itis therefore possible to enhance com-
monality of return bends, thus reducing the cost of the
heat exchanger 28. In addition, since the kinds of return
bends can be reduced, it is possible to obtain a heat
exchanger 28 which can be easily assembled, and which
is highly manufacturable and is also inexpensive.

[Third embodiment]

[0087] FIG. 18 shows the third embodiment. The third
embodiment is different from the firstembodimentin mat-
ter regarding the arrangement of the fins 38 of the first
to third heat exchange units 35, 36 and 37. With respect
to the other structural features of the heat exchanger 28,
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the third embodiment is the same as the first embodi-
ment. Therefore, with respect to the third embodiment,
structural elements identical to those in the first embod-
iment will be denoted by the same reference numbers
asin thefirstembodiment, respectively, and their detailed
explanations will be omitted.

[0088] AsshowninFIG. 18, fin pitch FP1 between the
fins 38 of the third heat exchange unit 37 is set smaller
than fin pitch FP2 between the fins 38 of the first heat
exchange unit 35 and fin pitch FP3 between the fins 38
of the second heat exchange unit 36. In other words, fin
pitches FP2 and FP3 are greater than FP1.

[0089] The third heat exchange unit 37 of the heat ex-
changer 28, as shown in FIG. 5 with respect to the first
embodiment, faces the blast openings 27a and 27b of
the blower 21 in the heat exchange chamber 19, as a
result of which much of air sent from the blower 21 passes
between the fins 38 of the third heat exchange unit 37.
[0090] On the other hand, in the third embodiment, fin
pitch FP1 is smaller than fin pitches FP2 and FP3, thus
increasing the airflow resistance of air passing between
the fins 38 of the third heat exchange unit 37. As a result,
some of air sent from the blower 21 toward the third heat
exchange unit 37 flows toward the first heat exchange
unit 35, which extends from the upper end of the third
heat exchange unit 37 toward the outlet 16 and the sec-
ond heat exchange unit 36, which extends from the lower
end ofthe third heat exchange unit 37 toward the partition
plate 12.

[0091] Therefore, itis possible to actively guide air the
first and second heat exchange units 35 and 36, which
do not face the open ends of the blast openings 27a and
27b of the blower 21 thus improving the thermal ex-
change function of the first heat exchange unit 35 and
the second heat exchange unit 36.

[Fourth embodiment]

[0092] FIG. 19 shows the fourth embodiment. The
fourth embodiment is different from the first embodiment
regarding the structures of the first heat exchange unit
35 and the second heat exchange unit 36. With respect
to the other structural features of the heat exchanger 28,
the fourth embodiment is the same as the first embodi-
ment. Therefore, with respect to the fourth embodiment,
structural elements identical to those in the first embod-
iment will be denoted by the same reference numbers
asin thefirstembodiment, respectively, and their detailed
explanations will be omitted.

[0093] As shown in FIG. 19, the first heat exchange
unit 35 and the second heat exchange unit 36 include a
plurality of fins 70 to which the linear pipe portions 39a
of the heat transfer pipes 39 are thermally connected.
The fins 70 are, for example, flat rectangular plates
formed of aluminum. The fins 70 have the same outer
shapes as the fins 38 in the first embodiment, but do not
include such slits 71 and raised portions 72 as shown in
FIG. 14 with respect to the
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first embodiment.

[0094] The fins 70include engagement holes 45 which
penetrate the liner pipe portions 39a of the heat transfer
pipes 39. The engagement holes 45 are formed by per-
forming, for example, burring processing on the fins 70,
and include cylindrical flange portions 45a raised from
the fins 70. In the fourth embodiment, engagement holes
45 are arranged in four rows in the step direction and in
three rows in the row direction.

[0095] The fins 70 are arranged at intervals in a single
row in the axial direction of each of the linear pipe portions
39a of the heat transfer pipes 39. The distal ends of the
flange portions 45a raised from adjacent fins 70 are
brought into contact with and coaxial with the engage-
ment holes 45 of the adjacent fins 70. Thus, between the
adjacent fins 70, air passages 46 in which air will flow
are formed.

[0096] The third heat exchange unit 37 of the heat ex-
changer 28, as shown in FIG. 5 with respect to the first
embodiment, faces the blast openings 27a and 27b of
the blower 21 in the heat exchange chamber 19, as a
result of which much of air sent from the blower 21 passes
between the fins 38 of the third heat exchange unit 37.
[0097] In the fourth embodiment, the fins 70 of the first
and second heat exchange units 35 and 36 are flat,
whereas the fins 38 of the third heat exchange unit 37
include a plurality of raised portions 72 defining the slits
71. The raised portions 72 project into the air passages
46 between the adjacent fins 38 to disturb the flow of air
passing through the air passage 46.

[0098] As a result, the airflow resistance of air which
passes through the third heat exchange unit 37 is in-
creased. Thus, some of air sent from the blower 21 to-
ward the third heat exchange unit 37 flows toward the
first heat exchanger 35, which extends from the upper
end of the third heat exchange unit 37 toward the outlet
16, and the second heat change unit 36, which extend
from the lower end of the third heat exchange unit 37
toward the partition plate 12.

[0099] Therefore, it is possible to actively guide air to
the first heat exchange unit 35 and the second heat ex-
change unit 36, which do not face the open ends of the
blast openings 27a and 27b of the blower 21, and also
to improve the thermal exchange functions of the first
heat exchange unit 35 and the second heat exchange
unit 36.

[Fifth embodiment]

[0100] FIGS. 20 and 21 disclose the fifth embodiment.
The fifth embodiment is different from the first embodi-
ment in the structure of the third heat exchange unit 37.
With respect to the other structural features of the heat
exchanger 28, the fifth embodiment is the same as the
first embodiment. Therefore, with respect to the fourth
embodiment, structural elements identical to those in the
first embodiment will be denoted by the same reference
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numbers as in the first embodiment, respectively, and
their detailed explanations will be omitted.

[0101] In the fifth embodiment, inside diameter b3 of
the linear pipe portions 39a of heat transfer pipes 39 in-
cluded in the third heat exchange unit 37 is greater than
inside diameter b1 of the linear pipe portions 39a of heat
transfer pipes 39 included in the first heat exchange unit
35 and inside diameter b2 of the linear pipe portions 39a
of the heat transfer pipes 39 included in the second heat
exchange unit 36. Inside diameter b1 of the linear pipe
portions 39a in the first heat exchange unit 35 is equal
to inside diameter b2 of the linear pipe portions 39a in
the second heat exchange unit 36.

[0102] Accordingtothefifth embodiment, the third heat
exchange unit 37 of the heat exchanger 28, as shown in
FIG. 20, faces the blast openings 27a and 27b of the
blower 21 in the heat exchange chamber 19, as a result
of which much of air sent from the blower 21 passes
between the fins 38 of the third heat exchange unit 37.
At this time, the flow rate of refrigerant flowing in the third
heat exchange unit 37 increases, since inside diameter
b3 of the linear pipe portions 39a of the heat transfer
pipes 39 in the third heat exchange unit 37, which the
refrigerant will flow, is greater than inside diameter b1 of
the linear pipe portions 39a of the heat transfer pipes 39
in the first heat exchange unit 35 and inside diameter b2
of the linear pipe portions 39a of the heat transfer pipes
39 in the second heat exchange unit 36.

[0103] Asaresult, the thermal capacity of the third heat
exchange unit 37, on which air sent from the blower 21
easily blows, can be increased, and the air and the re-
frigerant can exchange heat with each otherin abalanced
manner. Therefore, the above structure is advantageous
in improvement of the heat exchange function of the heat
exchanger 28.

[Sixth embodiment]

[0104] FIG. 22 discloses the sixth embodiment. The
sixth embodiment is different from the first embodiment
regarding the structure of the heat exchanger 28. With
respect to the other structural features of the indoor unit
1, the sixth embodiment is the same as the first embod-
iment. Therefore, with respect to the sixth embodiment,
structural elements identical to those in the first embod-
iment will be denoted by the same reference numbers
asin thefirstembodiment, respectively, and their detailed
explanations will be omitted.

[0105] As shown in FIG. 22, in each of the first heat
exchange unit 35 and the second heat exchange unit 36,
linear pipe portions 39a of heat transfer pipes 39 are com-
bined with fins 38, while they are arranged in four rows
in the step direction and in two rows in the row directions.
[0106] On the other hand, in the third heat exchange
unit 37, linear pipe portions 39a of heat transfer pipes 39
are combined with fins 38, while they are arranged in four
rows in the step direction and in three rows in the row
direction. Thus, the number of heat transfer pipes 39 in
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the third heat exchange unit 37 is larger than those of
the first heat exchange unit 35 and the second heat ex-
change unit 36.

[0107] According to the sixth embodiment, as shown
in FIG. 22, the third heat exchange unit 37 of the heat
exchanger 28 face the blast openings 27a and 27b of the
blower 21 in the heat exchange chamber 19, as a result
of which much of air sent from the blower 21 passes
between the fins 38 of the third heat exchange unit 37.
At this time, the flow rate of refrigerant flowing in the third
heat exchange unit 37 increases, since the number of
the heat transfer pipes 39 in the third heat exchange unit
37, which the refrigerant will flow, is larger than those of
the first heat exchange unit 35 and the second heat ex-
change unit 36.

[0108] Therefore, the thermal capacity of the heat ex-
change unit 37 on, which air sent from the blower 21
easily flows, can be increased, and the air and the refrig-
erant can exchange heat with each other in a balanced
manner. Therefore, the above structure is advantageous
in improvement of the heat exchange function of the heat
exchanger 28.

[Seventh embodiment]

[0109] FIG. 23 shows the seventh embodiment. The
seventh embodiment is different from the first embodi-
ment regarding the structure of the heat exchanger 28.
With respect to the other structural features of the indoor
unit 1, the seventh embodiment is the same as the first
embodiment. Therefore, with respect to the seventh em-
bodiment, structural elements identical to those in the
first embodiment will be denoted by the same reference
numbers as in the first embodiment, respectively, and
their detailed explanations will be omitted.

[0110] As shown in FIG. 23, the heat exchanger 28 is
a monolithic structure in which a first heat exchange unit
81, a second heat exchange unit 82 and a third heat
exchange unit 83 are continuous with each other. The
first heat exchange unit 81 is provided in an upper region
of the heat exchange chamber 19, and extends in a di-
rection away from the blower 21 and in the depth direction
of the indoor unit 1. The first heat exchange unit 81 is
slightly inclined upward to extend in the direction away
from the blower 21.

[0111] The second heat exchange unit 82 is provided
in a bottom region of the heat exchange chamber 19, and
separated from the first heat exchange unit 81 in the thick-
ness direction of the housing 5. Also, the second heat
exchange unit 82 extends toward the blower 21 in the
depth direction of the indoor unit 1, and is slightly inclined
downward to extend toward the blower 21.

[0112] The third heat exchange unit 83 connects the
rear end of the first heat exchange unit 81 and the front
end of the second heat exchange unit 82 to each other.
The third heat exchange unit 83 is raised in the heat ex-
change chamber 19 in such a way as to face the blast
openings 27a and 27b of the blower 21 and the partition
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plate 12.

[0113] In other words, the heat exchanger 28 compris-
es: the third heat exchange unit 83, which is raised to
face the blast openings 27a and 27b; the first heat ex-
change unit 81, which obliquely upwards extends from
the upper end of the third heat exchange unit 83 toward
the outlet 16; and the second heat exchange unit 82,
which obliquely downwards extends from the lower end
of the third heat exchange unit 83 toward the partition
plate 12. Therefore, in the seventh embodiment, the heat
exchanger 28 is substantially Z-shaped as seen in side
view of the indoor unit 1.

[0114] The heat exchanger 28 comprises a plurality of
fins 87 and the heat transfer pipes 39 in which a refrig-
erant will flow. The fins 87 include a first flat portion 87a
which forms the first heat exchange unit 81, a second flat
plate portion 87b which forms the second heat exchange
unit 82, and a third flat plate portion 87¢ which forms the
third heat exchange unit 83. The first to third flat plate
portions 87a, 87b and 87c are formed continuous with
each other to form a single body and in a shape substan-
tially similar to a Z-shape. The fins 87 having such a
shape are arranged at intervals and in a row in the width
direction of the indoor unit 1.

[0115] The heat transfer pipes 39 each comprise two
linear pipe portions 39a which linearly extend in the width
direction of the indoor unit 1 and bent portions 39b which
are substantially U-shaped, as in the first embodiment.
The linear pipe portions 39a of the heat transfer pipes 39
penetrate the first to third flat plate portions 87a, 87b and
87c of the fins 87. In the seventh embodiment, the heat
transfer pipes 39 are formed integral with the fins 87 and
thermally connected thereto, while they are arranged in
two rows in the step direction and in three rows in the
row direction with respect to the first to third flat plate
portions 87a, 87b and 87c.

[0116] According to the seventh embodiment, the fins
87 are formed continuous with each other in the first to
third heat exchange units 81, 82 and 83 substantially in
a Z-shape. Thus, the first to third heat exchange units
81, 82 and 83 of the heat exchanger 28 are provided
continuous with each other to form a monolithic structure,
and the heat exchanger 28 is provided as a monolithic
element.

[0117] Therefore, the first to third heat exchange units
81, 82 and 83 do not need to be coupled with each other
by a plurality of brackets; i.e., specific brackets can be
omitted. Therefore, the number of components of the
heat exchanger 28 can be reduced, thus improving the
workability in assembling of the heat exchanger 28, and
also reducing the cost of the heat exchanger 28.

[Eighth embodiment]

[0118] FIGS. 24 and 25 disclose the eighth embodi-
ment. In the eighth embodiment, the procedure in which
a heat exchanger 28 is manufactured as a monolithic
structure is concretely provided. The structure of the heat
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exchanger 28 is basically the same as that of the seventh
embodiment.

[0119] As shown in FIG. 24, the heat exchanger 28 is
a monolithic structure comprising the first heat exchange
unit 81, the second heat exchange unit 82 and the third
heat exchange unit 83, and is formed such that those
units are continuous with each other and formed sub-
stantially in a Z-shape as seen in side view of the indoor
unit 1.

[0120] The fins 87, which are included in the heat ex-
changer 28, comprise first to third flat plate portions 87a,
87b and 87c. The first to third flat plate portions 87a, 87b
and 87c are formed integral with each other and contin-
uous with each other substantially in a Z-shape. The first
to third flat plate portions 87a, 87b and 87c each include
a pair of linear long sides 91a and 91b and a pair of linear
short sides 92a and 92b. The long sides 91a and 91b are
parallel to each other. The short sides 92a and 92b are
parallel to each other, and extend in such an oblique di-
rection as to cross the long sides 91a and 91b.

[0121] The heat transfer pipes 39 of the heat exchang-
er 28 are formed integral with the fins 87 and thermally
connected to the fins 87, such that they are arranged in
two rows in the step direction and three rows in the row
direction with respect to the first to third flat plate portions
87a, 87b and 87c.

[0122] FIG. 25 shows linear plate-like fin bases 93 pro-
vided as bases of the fins 87. The fin bases 93 comprise
the first to third flat plate portions 87a, 87b and 87c, a
first notch 94 which is V-shaped and located between
thefirstflat plate portion 87a and the third flat plate portion
87c, and a second notch 95 which is V-shaped and lo-
cated between the second flat plate portion 87b and the
third flat plate portion 87c. The first to third flat plate por-
tions 87a, 87b and 87c and the first and second notches
94 and 95 are arranged in a straight line.

[0123] The first notch 94 is defined by the short side
92b of the first flat plate portion 87a and the short side
92a of the third flat plate portion 87c. At the intersection
of the short side 92b of the first flat plate portion 87a and
the short side 92a of the third flat plate portion 87c, a first
to-be-bent portion 96a is formed. The first to-be-bent por-
tion 96a connects the first flat plate portion 87a and the
third flat plate portion 87c to each other such that they
are provided integral with each other.

[0124] The second notch 95 is defined by the short
side 92a of the second flat plate portion 87b and the short
sides 92b of the third flat plate portion 87c. At the inter-
section of the short side 92a of the second flat plate por-
tion 87b and the short side 92b of the third flat plate por-
tion 87c, a second to-be-bent portion 96b is formed. The
second to-be-bent portion 96b connects the second flat
plate portion 87b and the third flat plate portion 87¢c to
each other such that they are provided integral with each
other. Furthermore, the first notch 94 and the second
notch 95 are open in opposite directions.

[0125] Thelinear pipe portions 39a of the heat transfer
pipes 39 are inserted in a plurality of engagement holes
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97 provided in the first to third flat plate portions 87a, 87b
and 87c of the bases 93. After the linear pipe portions
39a of the heat transfer pipes 39 are inserted into the
engagement holes 97 of the first to third flat plate portions
87a, 87b and 87c, they are forcibly expanded by a rod-
like jig such that their bores are increased, as in the first
embodiment, whereby they are fixed to the first to third
flat plate portions 87a, 87b and 87c. Thereby, the heat
transfer pipes 39 penetrate the fin bases 93 such that in
each of the first to third flat plate portions 87a, 87b and
87c, they are arranged in two rows in the step direction
and in three rows in the row direction, thereby forming
along with the fin bases 93, a fin assembly 98.

[0126] Inthe eighth embodiment, after formation of the
fin assembly 98, as indicated by an arrow in FIG. 25, the
first to-be-bent portion 96a and the second to-be-bent
portion 96b of the fin bases 93 are forcibly bent in direc-
tions where the first notch 94 and the second notch 95
are closed.

[0127] As a result, the short side 92b of the first flat
plate portion 87a is brought into contact with the short
side 92a of the third flat plate portion 87c, and the short
side 92a of the second flat plate portion 87b is brought
into contact with the short side 92b of the third flat plate
portion 87c. Therefore, the first to third flat plate portions
87a, 87b and 87c are bent such that they are formed
continuous with each other substantially in a Z-shape,
thereby obtaining a heat exchanger 28 which is substan-
tially continuously Z-shaped.

[0128] According to the eighth embodiment, the fin
bases 93 provided as the bases of the fins 87 are linearly
plate-like before the first to-be-bent portion 96a and the
second to-be-bent portion 96b are bent. Thus, in the case
where fin bases 93 are cut from raw materials, this cutting
can be improved, thus also improving yields.

[0129] Furthermore, in the case where a plurality of
heat transfer pipes 39 are expanded by a jig and fixed to
the fins 87, this operation can be performed using existing
equipment for forming conventional heat exchangers,
and the manufacturing cost of the heat exchanger 28 can
thus be reduced.

Reference Signs List

[0130]
5 ...Housing, 18 ... Blowing chamber, 19 ... Heat ex-
change chamber, 21 ... Blower, 28 ... Heat exchang-
er, 35, 81 ... First heat exchange unit, 36, 82 ... Sec-
ond heat exchange unit, 37, 83 ... Third heat ex-
change unit

Claims

1. An air conditioner comprising:

a housing including a heat exchange chamber
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and a blowing chamber;

a heat exchanger provided in the heat exchange
chamber of the housing to perform heat ex-
change between a refrigerant and air; and

a blower provided in the blowing chamber of the
housing to send air to the heat exchanger,

wherein the heat exchanger comprises:

afirstheatexchange unitextending in a direction
away from the blower,

asecond heatexchange unit separated from the
first heat exchange unit in a thickness direction
ofthe housing, and extending toward the blower;
and

a third heat exchange unit connecting the first
heat exchange unit and the second heat ex-
change unit to each other.

The air conditioner of Claim 1, wherein the first heat
exchange unit, the second heat exchange unit and
the third heat exchange unit are mutually independ-
ent elements, the heat exchanger is formed by com-
bining the first to third heat exchange units, and when
the first to third heat exchange units are combined,
an end portion of the first heat exchange unit is joint-
ed to one of end portions of the third heat exchange
unit, and an end portion of the second heat exchange
unit is jointed to the other end portion of the third
heat exchange unit.

The air conditioner of Claim 1 or 2, wherein the blow-
er includes a blast hole through which air is to be
emitted into the heat exchange chamber, and the
third heat exchange unit of the heat exchanger is
located to face the blast hole in the heat exchange
chamber.

The air conditioner of Claim 2, wherein

the first to third heat exchange units each include a
plurality of heat transfer pipes in which the refrigerant
is to be flow and a plurality of fins thermally connect-
ed to the heat transfer pipes;

the fins are formed in the shape of a rectangle having
long sides and short sides extending in an oblique
direction to cross the long sides, and are also ar-
ranged at intervals in a line;

the heat transfer pipes extend in an arrangement
direction of the fins to penetrate the fins, and are
arranged at intervals in a direction along the long
sides of the fins and in a direction along the short
sides of the fins; and

the fins of the first heat exchange unit have the same
shape as the fins of the second heat exchange unit,
and the fins of the third heat exchange unit are
formed axisymmetrical to each other with respect to
the fins of the first heat exchange unit and the fins
of the second heat exchange unit.
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The air conditioner of Claim 2, wherein

the first to third heat exchange units each include a
plurality of heat transfer pipes in which the refrigerant
is to be flow and a plurality of fins thermally connect-
ed to the heat transfer pipes;

the fins are formed in the shape of a rectangle having
long sides and short sides extending in an oblique
direction to cross the long sides, and are also ar-
ranged at intervals in a line;

the heat transfer pipes extend in an arrangement
direction of the fins to penetrate the fins, and are
arranged at a constant pitch along the long sides of
the fins and the short sides of the fins; and

open ends of ones of the heat transfer pipes, which
are adjacent to each other at ends of the first to third
heat exchange units, are connected to each other
by a plurality of return bends, and the first to third
heat exchange units are combined together such
that a pitch between the open ends of ones of the
heat transfer pipes which are adjacent to each other
at a boundary between the first and third heat ex-
change units and a pitch between open ends of ones
of the heat transfer pipes which are adjacent to each
other at a boundary between the second and third
heat exchange units are equal to the pitch at which
the heat transfer pipes are arranged along the long
sides of the fins and the short sides of the fins.

The air conditioner of Claim 1, wherein the first heat
exchange unit, the second heat exchange unit and
the third heat exchange unit are provided continuous
with each other to form a monolithic structure.

A heat exchanger provided in a heat exchange
chamber of an indoor unit to perform heat exchange
between arefrigerant and air sent from a blower, the
heat exchanger comprising:

afirstheatexchange unitextendingin adirection
away from the blower;

a second heat exchange unit separated form the
first heat exchange unit in a thickness direction
of the indoor unit, and extending toward the
blower; and

a third heat exchange unit connecting the first
and second heat exchange units to each other.

The heat exchanger of Claim 7, wherein the first heat
exchange unit, the second heat exchange unit and
the third heat exchange unit are mutually independ-
ent elements, and are also combined together in a
three-dimensional shape, and when the first to third
heat exchange units are combined, an end portion
of the first heat exchange unit is jointed to one of end
portions of the third heat exchange unit, and an end
portion of the second heat exchange unit is jointed
to the other end portion of the third heat exchange
unit.
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9.

The heat exchanger of Claim 7, wherein the first ex-
change unit, the second heat exchange unit and the
third heat exchange unit are provided continuous
with each other to form a monolithic structure.



EP 3 091 295 A1

17

31 \} .~31 \\

~ 11

\ !
7 sqr ‘i

AVTTIIA Y TIA VLIV

~—

<z
ﬁw

FIG.1

14




EP 3 091 295 A1

15

FIG.2



EP 3 091 295 A1

16

FIG.3



EP 3 091 295 A1

¥ Ol4

8l EyC eLCc eGC vl 1L

”

I

A

L ¢¢ 4€¢ ave

q¢e

-

[

-

¥

£

&

I

Il

17

0.
o
=




EP 3 091 295 A1

8144 mm;mm

6¢ AEv 6

| ) -

N RN L RN K
SN YR SRR BN
AR R SN RO SO SO RO SR N

S NN
AN NS
Q@ NN
>
O H Q.W.T R
e} ] + SO
- NN
e O o o 3NN

! 6 — -6l

-G
—Bhy

f. =0 ..n \\\ ”
&f—\ LIS ._\\ .\\\M\\\\ \\\\»\ \.W # »\n&lw m

[
9 0

N ) _M
06€ ggy, Gpg 66

Y

18



EP 3 091 295 A1

19



EP 3 091 295 A1

20



EP 3 091 295 A1

54b




EP 3 091 295 A1

38
54a

o~ 39b

54b

62

35—

59 <A

38 i , "~ 58a
@62
60 —1T. -

554
37 Ff S1b
55h

58a T

LY

T 57d

59 62
58b

36 © 54a
| 54h
38 39b

39

FIG. 10

22

39

58b
57¢



EP 3 091 295 A1

Wold

23






EP 3 091 295 A1

F14
39a 71 <_l 39a

{ ) '/ /
< 77 i 7
[ Ba—] —

\35 7 T SN 7 T T SNN—/7 T %

e\
rr—““——ﬂ© 71

T SNN—7 T ]
72 \%Q\\M 7 \\ N
‘ug S m

71 3%a 72
F’I!-i"i"-“-l

25



EP 3 091 295 A1

E E45a
[ﬁ_ _"__3;‘-./39,3
S|
Inee
b 38
714 "‘i772
71 éjt%m
714 r2
46T
453
______ u@é .
) -\-~30
11V
HT
FIG. 14

26



EP 3 091 295 A1

39%a

\,H /1
B
{

FIG. 16

27



EP 3 091 295 A1

28

28



EP 3 091 295 A1

29



EP 3 091 295 A1

43a 35(36)
45a /
(/K\— ----- " w%-‘dsga
45 < K
=]
IR
104
146
453
o
...... A
A 30
\ Y
.
43b
FIG. 19

30



EP 3 091 295 A1

0¢ 914

v
&vtww\\ ’ 7 \\k\\\ 2 S A s A s

[
g 0¢

)
8¢

06¢ 6

31



EP 3 091 295 A1

32



EP 3 091 295 A1

b

(YAen

lllllll

Nl
\\\\NWN x&»w\\\ AR AR v Q\ . uh,
( /u
5 oo % ege g

33



EP 3 091 295 A1

€¢ O 14

eg9¢

{{
9 0¢

SV
_nmwmmmm /8

34



EP 3 091 295 A1

¥¢ 914

Oww _H\\\ v \ﬂ\\ﬁk\\

(Y
9 0¢ B6EQ

35



EP 3 091 295 A1

G¢ Ol

€6

L6

e6c | 96€ 26 gp

36



10

15

20

25

30

35

40

45

50

55

EP 3 091 295 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2013/084936

A.  CLASSIFICATION OF SUBJECT MATTER
F24F1/00(2011.01)i, F24F13/30(2006.01)1,
(2006.01)1, F28F1/32(2006.01)1

According to International Patent Classification (IPC) or to both national

F25B39/00(2006.01)1i, F28D1/047

classification and IPC

B. FIELDS SEARCHED

F24F1/00, F24F13/30, F25B39/00,

Minimum documentation searched (classification system followed by classification symbols)
F28D1/047,

F28F1/32

1922-1996
1971-2014

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2014
1994-2014

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

& JP 2007-147144 A

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2012-37085 A (Mitsubishi Electric Corp.), 1-2,7-8
Y 23 February 2012 (23.02.2012), 3,6,9
A paragraph [0041]; fig. 10 to 13 4-5
& US 2012/0031139 Al & EP 2416075 A2
& CN 102374588 A
Y WO 2007/60922 Al (Daikin Industries, Ltd.), 3,6,9
31 May 2007 (31.05.2007),
paragraph [0051]; fig. 24

|:| Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to
be of particular relevance

“E” earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the
priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is

combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
25 February, 2014 (25.02.14)

Date of mailing of the international search report
04 March, 2014 (04.03.14)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 2009)

37




EP 3 091 295 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 2006343043 A [0004]

38



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

