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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The presentinvention relates to a multiple type
air conditioner using a plurality of wall-suspended indoor
units.

2. Description of the Related Art

[0002] With respect to a wall-suspended type indoor
unit, an indoor heat exchanger is disposed in the housing
of the indoor unit so as to extend entirely in the width
direction. Furthermore, the indoor heat exchanger is de-
signed to be substantially J-shaped (specifically, inverted
J-shape) so as to cover or surround the front, back and
upper sides of an air blowing fan (see JP-A-2005-16830
and JP-A-2005-233484). Accordingly, indoor air sucked
from an air suction portlocated at the upper side is passed
through the indoor heat exchanger, and then heat-ex-
changed air is blown out from an air blow-out port located
at the lower side into a room.

[0003] Furthermore, with respect to a so-called multi-
ple type (multi-type) air conditioner comprising plural
wall-suspended indoor units and an outdoor unit, an elec-
trically-operated expansion valve for adjusting the flow
rate of refrigerant is mounted in the housing of each in-
door unit, and cooling and heating operations are per-
formed individually by each indoor unit.

[0004] In order to secure the electrically-operated ex-
pansion valve in the housing of the indoor unit, the inter-
nal volume of the indoor unit must be increased and thus
the outside dimension of the indoor unit is larger than
that of an ordinary indoor unit. Furthermore, when the
electrically-operated expansion valve is secured, a
strainer for removing foreign materials and an orifice
must be provided, so that the operation noise of the in-
door unit during operation is also larger than that of the
ordinary indoor unit.

SUMMARY OF THE INVENTION

[0005] The present invention has been implemented
in view of the foregoing situation, and has an object to
provide an air conditioner in which an indoor air can be
prevented from being larger in shape (size) than an or-
dinary indoor unit containing no electrically-operated ex-
pansion valve and also operation noise during operation
can be set to substantially the same level as the ordinary
indoor unit containing no electrically-operated expansion
valve.

[0006] In order to attain the above object, an air con-
ditioner including an indoor unit (2) having a housing, an
airblowingfan (12) for sucking indoor air, a heat exchang-
er (11) that extends in a right-and-left direction of the
housing and is disposed so as to cover the front, back
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and upper sides of the air blowing fan, and an electrically-
operated expansion valve (16), the air blowing fan, the
heat exchanger and the electrically-operated expansion
valve being mounted in the housing, is characterized in
that a cut-out portion (29) is formed at a part of the heat
exchanger that is located at any one of the right and left
end portions of the heat exchanger in the right-and-left
direction so as to cover the back side of the air blowing
fan, and the electrically-operated expansion valve is lo-
cated at the cut-out portion.

[0007] In the air conditioner, the indoor unit may be
equipped with a filter (7) that is detachable from and at-
tachable to the indoor unit along the outer shape of the
heat exchanger, and a cover member covering the out-
side of the electrically-operated expansion valve is pro-
vided to the cut-out portion.

[0008] In the air conditioner, a strainer may be dis-
posed at the cut-out portion so as to be connected to the
electrically-operated expansion valve.

[0009] In the air conditioner, an electrical component
box (13) may be disposed at the end portion at which the
cut-out portion is formed.

[0010] Inthe air conditioner, a refrigerant pipe through
which the indoor unit and an outdoor unit (3) may be
disposed so as to extend from the end portion side of the
indoor unit at which the cut-out portion is formed.
[0011] In the air conditioner, the heat exchanger (11)
may comprise a master heat exchanger 11A located so
as to extend in the right-and-left direction and face the
front side of the air blowing fan (12) and a slave heat
exchanger 11B located so as to extend in the right-and-
left direction and face the back side of the air blowing fan
(12), the master heat exchanger 11A and the slave heat
exchanger 11B being assembled each other so that the
cross-sectional shape of the assembled master and
slave heat exchangers 11A and 11B is an inverted J-
shape, and the cut-out portion (29) is formed at one end
portion of the slave heat exchanger 11B.

[0012] According to the air conditioner of the present
invention, the electrically-operated expansion valve can
be disposed in the indoor unit with securing an efficiency
necessary for the heat exchanger.

[0013] Furthermore, the filter can be easily attached
and detached without hooking the filer to the electrically-
operated expansion valve. The strainer which emits large
operation noise is disposed at the back side, and thus
sound at the room side can be suppressed. The operation
sound can be reduced by the cover member. Further-
more, the refrigerant pipe connected to the electrically-
operated expansion valve can be shortened.

[0014] According to the present invention, in the air
conditioner having the heat exchanger covering the front,
back and upper sides of the air blowing fan and the elec-
trically-operated expansion valve, the cut-out portion is
provided at the portion of the heat exchanger which cor-
responds to any part of any one of the right and left end
portions of the heat exchanger and covers the back side
of the air blowing fan, and the electrically-operated ex-
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pansion valve is disposed at the cut-out portion. There-
fore, the electrically-operated expansion valve can be
disposed with securing the efficiency required to the heat
exchanger. Therefore, a space where the electrically-op-
erated expansion valve is disposed is not required to be
separately secured in the indoor unit. When the front case
covering the front portion of the indoor unit is detached,
the electrically-operated expansion valve is located at an
unseeable position. Accordingly, even when the front
case is detached, the appearance of the indoor unit is
excellent. Furthermore, the indoor unit of the present in-
vention can be designed to have the same level size as
the ordinary indoor unit, and thus meal molds and parts
being used in the manufacturing process can be made
common.

[0015] Furthermore, the cut-out portion is provided at
the back side portion of the heat exchanger, and the elec-
trically-operated expansion valve is disposed at the cut-
out portion. Accordingly, the distance between the indoor
side and the electrically-operated expansion valve can
be as large as possible. As a result, the operation sound
of the electrically-operated expansion valve can be re-
duced (eliminated) in the indoor side, so that the dwelling
ability in the room can be kept excellent.

[0016] Still furthermore, the indoor unit is equipped
with the filter which can be detached and attached along
the outer shape of the heat exchanger, and the cover
member covering the outside of the electrically-operated
expansion valve is provided at the cut-out portion. There-
fore, the filter can be easily attached or detached without
hooking the filter to the electrically-operated expansion
valve.

[0017] Still furthermore, the strainer connected to the
electrically-operated expansion valve is disposed at the
cut-out portion. Accordingly, the strainer which produces
large operation sound is located at the back side, so that
the sound at the indoor side can be suppressed. In ad-
dition, the operation sound can be reduced by the cover
member. As a result, the dwelling ability of the room can
be kept excellent.

[0018] Still furthermore, the electrical component box
is disposed at the end portion side at which the cut-out
portion is provided, and the refrigerant pipe to be con-
nected to the outdoor unit is disposed so as to extend
from the end portion side of the indoor unit at which the
cut-out portion is provided, so that the wire and the re-
frigerant pipe can be shortened, and wiring (piping) can
be easily performed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 is a diagram showing an air conditioner ac-
cording to an embodiment of the present invention;
Fig. 2 is a side cross-sectional view of an indoor unit
shown in Fig. 1;

Fig. 3 is an exploded perspective view showing the
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indoor unit shown in Fig. 1;

Fig. 4 is an exploded perspective view of a front panel
and air filter of the indoor unit shown in Fig. 1;

Fig. 5 is a refrigerant circuit diagram of the air con-
ditioner shown in Fig. 1;

Fig. 6 is a further exploded perspective view of an
indoor heat exchanger shown in Fig. 3;

Fig. 7 is a perspective view when the indoor heat
exchanger is viewed from an obliquely rear left side
under the state that the indoor heat exchanger is
fabricated; and

Fig. 8 is a perspective view when a cover member
is secured under the state of Fig. 7.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0020] A preferred embodiment according to the
present invention will be described hereunder with refer-
ence to the accompanying drawings.

[0021] An air conditioner according to an embodiment
of the present invention will be described with reference
to the drawings.

[0022] Fig. 1 is a diagram showing a multiple type air
conditioner. An air conditioner 1 has wall-suspended type
indoor units 2 (two indoor units 2a, 2b in this embodiment)
to be suspended on the wall of a room and an outdoor
unit 3 disposed outdoors, and these indoor units and the
outdoor unit are connected to one another through two
refrigerant pipes 4 (a liquid pipe 4A and a gas pipe 4B).
Each of the indoor units 2a, 2b can be remotely operated
by a wireless remote controller 5. The number of the in-
door units is not limited to two, and three or more indoor
units 2a, 2b, .. may be connected to the outdoor unit 3
through the refrigerant pipes 4.

[0023] Fig.2is across-sectional view of the indoor unit
2a which is taken from one side of the indoor unit 2a. The
left side of Fig. 2 corresponds to the wall side, and the
right side of Fig. 2 corresponds to the indoor side (front
side). Fig. 3 is an exploded perspective view of the indoor
unit 2, and Fig. 4 is an exploded perspective view of the
front portion of the indoor unit 2.

[0024] The indoor unit 2a and the indoor unit 2b have
the same structure. Accordingly, only the indoor unit 2a
will be described below and the description on the indoor
unit 2b is omitted.

[0025] As shown in Fig. 2, the housing constituting the
outer shape of the indoor unit 2a is constructed by a front
case portion 2A at the front side, a rear case portion 2B
at the back side and a louver portion 2C located at the
lower side of the front case portion 2A. A front panel 2D
is secured to the front side of the front case portion 2A,
an air suction port 2f is provided at the top portion of the
front case portion 2A, and an air blow-out port 9 is pro-
vided to the louver portion 2C. Furthermore, afixing frame
14 (see Fig. 3) for fixing the indoor unit 2a to the wall of
aroom s provided to the rear side of the rear case portion
2B.
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[0026] In the inner space surrounded by the front case
portion 2A and the rear case portion 2B are mounted an
indoor heat exchanger 11, an air blowing fan 12 located
at the lower side of the indoor heat exchanger 11, a drain
pan 6 that covers the lower portion of the indoor heat
exchanger 11 and stocks drain water dropping from the
indoor heat exchanger 11, an air filer 7 that can be de-
tachably mounted between the front case portion 2A and
the indoor heat exchanger 11 and removes relatively
large dust, etc. from indoor air sucked into the indoor unit
2a, and an electrical component box 13 for controlling an
electrically-operated expansion valve 16 described later,
etc. (see Fig. 3) as shown in Fig. 2.

[0027] The indoor heat exchanger 11 heats/cools in-
door air (adjusts indoor temperature). It acts as an evap-
orator during cooling/dry operation and thus functions as
a cooler when refrigerant passes through the pipes of
the indoor heat exchanger 11. Furthermore, during heat-
ing operation, the indoor heat exchanger 11 acts as a
condenser and functions as a heater. The indoor heat
exchanger 11 is designed so that the cross-sectional
shape thereof is a substantially J-shape (specifically, in-
verted J-shape) as shown in Fig. 2, and covers the front
and back sides and the top side of the air blowing fan 12.
Accordingly, the indoor heat exchanger 11 is disposed
so that indoor air W1 sucked from the upper side of the
front case portion 2A is passed through the indoor heat
exchanger 11.

[0028] Furthermore, the indoor heat exchanger 11 is
disposed so as to extend entirely in the width direction
of the indoor unit 2 (specifically, from the left end portion
of the front case portion 2A till the electrical component
box 13) as shown in Fig. 3. The details of the indoor heat
exchanger 11 will be described later.

[0029] The air blowing fan 12 circulates indoor air W1
(see Fig. 2) so thatthe indoor air W1 (see Fig. 2) is sucked
from the air suction port 2f and passed through the indoor
heat exchanger 11, and then heated/cooled air W2 (see
Fig. 2) is blown from the air blow-out port 9 into the room
again. As shown in Fig. 3, the air blowing fan 12 is also
disposed so as to extend entirely in the width direction
of the indoor unit 2 (specifically, from the left end portion
of the front case portion 2A till the electrical component
box 13) as in the case of the indoor heat exchanger 11.
Furthermore, the air blowing fan 12 is driven by an air
blowing fan motor 12A (for example, cross flow fan) dis-
posed at one side portion thereof.

[0030] An air cleaning filer 8 is also provided at the
front portion of the air conditioner 1 between the air filter
7 and the indoor heat exchanger 11 as shown in Fig. 2.
The air cleaning filter 8 is used to remove relatively small
(minute) dust, etc. from the indoor air passing through
the air filter 7.

[0031] Furthermore, at the air blow-out port 9 are pro-
vided a flap 9A for controlling the up-and-down flow di-
rection of warm air/cold air blown out from the air blow-
out port 9, and plural vertical vanes 10 for controlling the
right-and-left flow direction of warm air/cold air blown out
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from the air blow-out port 9. A driving motor for adjusting
the angle of the flap 9A is secured to the flap 9A, and the
swing (rotation) of the flap 9A is freely controlled by op-
erating the wireless remote controller 5.

[0032] Fig. 5 is a refrigerant circuit diagram of the air
conditioner 1 according to the embodiment.

[0033] A branch pipe 15a branched from the liquid 4A
and the gas pipe 4B is disposed in the indoor unit 2a,
and a branch pipe 15b is likewise disposed in the indoor
unit 2a. The indoor heat exchanger 11, the electrically-
operated expansion valve 16 (described in detail later)
and a strainer 17 for removing foreign materials (de-
scribed in detail later) are connected to the indoor unit
2a, 2b through the branch pipe 15a, 15b.

[0034] The outdoor unit 3 is provided with a compres-
sor 18 for compressing refrigerant, an outdoor heat ex-
changer 19 for heat-exchanging refrigerant with outside
air, an electrically-operated expansion valve 21 as a
pressure-reducing device, a four-way valve 22 for switch-
ing the refrigerant flow direction between cooling opera-
tion and heating operation, and a strainer 23 for removing
foreign materials.

[0035] Furthermore, as shown in Fig. 5, a defrosting
valve 24 and a receiver tank 25 may be interposed to
provide a defrosting circuit 26 for making high-tempera-
ture refrigerant gas flow through the outdoor heat ex-
changer 19 and the indoor heat exchanger 11 during de-
frosting operation. The pipe connection between the out-
door unit 3 and the indoor unit 2 is carried out by service
valves 27A and 27B.

[0036] As described above, two (or more) indoor units
2a, 2b, ... are connected to one outdoor unit 3. In the
refrigeration cycle, by switching the four-way valve 22,
the refrigerant is circulated in a direction indicated by a
solid-line arrow during cooling operation while the refrig-
erant is circulated in a direction indicated by a broken-
line arrow during heating operation.

[0037] Fig. 6is an exploded perspective view showing
the indoor heat exchanger 11 secured to the indoor unit
2a, 2b. In Fig. 6, the front side (indoor side) corresponds
to the obliquely lower left side. Figs. 7 and 8 are perspec-
tive views of the indoor heat exchanger 11 which are
taken from the obliquely rear left side, and show the state
that the electrically-operated expansion valve 16 is se-
cured to the indoor heat exchanger 11.

[0038] The indoor heat exchanger 11 comprises a
master heat exchanger 11A located at the front side of
the apex portion of the inverted J-shape (see Figs. 2, 7),
and a slave heat exchanger 11B located at the back side
of the apex portion of the inverted J-shape, and the mas-
ter heat exchanger 11A and the slave heat exchanger
11B are constructed so that they can be separated from
each other and assembled with each other. Furthermore,
a drain pipe 28 for discharging drain water from the liquid
pipe 4A, the gas pipe 4B and the drain pan 6 are assem-
bled at the right end portion of the master heat exchanger
11A.

[0039] As shown in Fig. 6, the length L2 of the slave
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heat exchanger 11B is set to be shorter than the length
L1 in the width direction of the master heat exchanger
11A. More specifically, under the state that the master
heat exchanger 11A and the slave heat exchanger 11B
are assembled with each other so that the left end por-
tions thereof are positionally coincident with each other,
the right end portion of the slave heat exchanger 11B is
apparently cut out (hereinafter referred to as "cut-out por-
tion 29", see Figs. 7 and 8). The cut-out portion 29 is
formed at one side of the indoor unit at which the electrical
component box 13 is disposed as shown in Fig. 3.
[0040] As shown in Figs. 7 and 8, the electrically-op-
erated expansion valve 16 is mounted at the cut-out por-
tion 29. The liquid pipe 4A and the gas pipe 4B are in-
stalled in a flexible pipe 30 so as to extend to the outdoor
unit 3, and the pipe 30 extends from the cut-out portion
29. The strainer 17 may be disposed at the cut-out portion
29. The electrically-operated expansion valve 16 is lo-
cated at the rear side of the master heat exchanger 11A
and also at the upper portion of the wall side of the indoor
unit 2a as indicated by a two-dotted chain line in Fig. 2
when viewed from the side portion of the indoor unit 2a.
[0041] As shown in Fig. 8, a cover member 31 is dis-
posed so as to be secured to or surround the outer pe-
riphery of the electrically-operated expansion valve 16.
The right side portion (the left side in Fig. 8) of the master
heat exchanger 11A is also covered by a cover member
32.

[0042] As shown in Fig. 8, the cover member 31 is
formed by bending one steel plate vertically, and covers
the whole body in the width direction of the electrically-
operated expansion valve 16. A guide plane portion 31a
is formed at the upper portion of the cover member 31
so that no step is formed between the surface of the mas-
ter heat exchanger 11A and the surface of the cover
member 31. Furthermore, after the cover member 31 is
secured, sound insulatingmembers 33a, 33b, 33c, 33d
shown in Fig. 3 are secured so as to cover the right side
surface of the master heat exchanger 11A and the front
surface of the electrical component box 13.

[0043] The guide plane portion 31a is used to guide
the air filter 7 when the air filter is attached to or detached
from the indoor unit. More specifically, the air filter 7 is
mounted in the indoor unit 2a as follows. The front panel
2D is detached from the indoor unit 2a, the upper portion
7a of the air filter 7 which is bent in the depth direction
of the indoor unit 2a is inserted into an elongated hole
2e which is long in the width direction of the front case
portion 2A as shown in Fig. 4. At this time, the upper
portion 7a of the air filter 7 is guided along the shape
(outer shape) of the upper portion of the indoor heat ex-
changer 11, and intrudes till the back of the indoor unit
2a. At the cut-out portion 29, the upper portion 7a of the
air filter 7 is guided by the guide plane portion 31a of the
cover member 31 because the slave heat exchanger 11B
is cut out.

[0044] Inthe air conditioner 1 according to this embod-
iment, the cut-out portion 29 is formed at the slave heat
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exchanger 11B of the indoor heat exchanger 11, and the
electrically-operated expansion valve 16 is disposed at
the cut-out portion 29. Therefore, the electrically-operat-
ed expansion valve 16 can be disposed in the indoor heat
exchanger 11 with keeping a required efficiency. There-
fore, aspace in which the electrically-operated expansion
valve 16 is disposed is not required to be separately se-
cured in the indoor units 2a, 2b. Furthermore, the elec-
trically-operated expansion valve 16 is disposed so that
it is not viewed when the front case portion 2A or the front
panel 2D covering the front portion of the indoor unit 2a,
2b is detached, and thus the appearance of the indoor
unit is good even when the front case portion 2A or the
front panel 2D is detached. Furthermore, the electrically-
operated expansion valve 16 can be designed to have
the same level size as the ordinary indoor unit having no
electrically-operated expansion valve 16. Therefore,
metal molds, parts to be used, etc. for the front case
portion 2A and the rear case portion 2B in the manufac-
turing process can be commonly used.

[0045] In the side cross-sectional view of the indoor
unit 2a, 2b (see Fig. 2), the electrically-operated expan-
sion valve 16 is disposed at the upper portion of the wall
side of the indoor unit 2a, 2b, and the distance from the
indoor side to the electrically-operated expansion valve
16 can be set to be as long as possible. As a result, the
operation noise of the electrically-operated expansion
valve 16 at the room side can be reduced (sound is elim-
inated), and thus dwelling ability can be kept excellent.

[0046] Furthermore, the cover member 31 covering
the outside of the electrically-operated expansion valve
16 is provided to the cut-out portion 29, and thus the
upper portion 7a of the air filter 7 can be guided till the
back side of the indoor unit 2a, 2b by the guide plane
portion 31a of the cover member 31 when the air filter 7
is attached to or detached from the indoor unit. As aresult,
the upper portion 7a of the air filter 7 can be easily at-
tached to or detached from the indoor unit without being
hooked to the electrically-operatedexpansion valvel6. In
addition, the cover member 31 also serves to shield the
operation sound of the electrically-operated expansion
valve 16 by covering the electrically-operated expansion
valve 16. Accordingly, the operation sound of the elec-
trically-operated expansion valve 16 can be further re-
duced, and the dwelling ability in the room can be made
excellent.

[0047] Furthermore, the sound of the strainer 17 can
be eliminated by disposing the strainer 17 together with
the electrically-operated expansion valve 16. Therefore,
the dwelling ability in the room can be maintained excel-
lent.

[0048] Still furthermore, the cut-out portion 29 is dis-
posed at the side where the electrical component box 13
is disposed, and thus the distance between the electri-
cally-operated expansion valve 16 and the electrical
component box 13 can be shortened. Therefore, the wire
between the electrically-operated expansion valve 16
and the electrical component box 13 can be shortened,
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so that the material cost can be reduced and the wiring
work can be facilitated.

[0049] Still furthermore, the pipe 30 containing the lig-
uid pipe 4A and the gas pipe 4B is disposed so as to
extend from the cut-out portion 29. Therefore, the liquid
pipe 4A and the gas pipe 4B can be shortened. Therefore,
the material cost can be reduced, and also the piping
work can be facilitated.

[0050] The presentinventionis notlimited to the above
embodiment, and various modifications may be made on
the basis of the technical idea of the present invention.

[0051] In the above embodiment, the electrical com-
ponent box 1 is disposed at the right end portion of the
indoor unit 2a, 2b, and the cut-out portion 29 is formed
in the neighborhood of the electrical component box 13.
However, the same action and effect as the above em-
bodiment can be achieved by replacing the disposing
position of these elements between the right and left
sides.

[0052] Furthermore, in the above embodiment, the
cover member 31 is formed of a steel plate. However, it
may be formed of material having a high sound insulating
effect, or comprise a resin mold article if no problem oc-
curs in the guiding performance (friction, abrasion per-
formance) of the air filer 7.

Claims

1. Anair conditioner including an indoor unit (2) having
a housing, an air blowing fan (12) for sucking indoor
air, a heat exchanger (11) that extends in a right-
and-left direction of the housing and is disposed so
as to cover the front, back and upper sides of the air
blowing fan, and an electrically-operated expansion
valve (16), the air blowing fan, the heat exchanger
and the electrically-operated expansion valve being
mounted in the housing, characterized in that a
cut-out portion (29) is formed at a part of the heat
exchanger that is located at any one of the right and
left end portions of the heat exchanger in the right-
and-left direction so as to cover the back side of the
air blowing fan, and the electrically-operated expan-
sion valve is located at the cut-out portion.

2. The air conditioner according to claim 1, wherein the
indoor unit is equipped with a filter (7) that is detach-
able from and attachable to the indoor unit along the
outer shape of the heat exchanger, and a cover
member covering the outside of the electrically-op-
erated expansion valve is provided to the cut-out por-
tion.

3. The air conditioner according to claim 2, wherein a
strainer is disposed at the cut-out portion so as to be
connected to the electrically-operated expansion
valve.
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4.

The air conditioner according to any one of claim 1
to 3, wherein an electrical component box (13) is
disposed at the end portion at which the cut-out por-
tion is formed.

The air conditioner according to any one of claims 1
to 4, wherein a refrigerant pipe through which the
indoor unit and an outdoor unit (3) is disposed so as
to extend from the end portion side of the indoor unit
at which the cut-out portion is formed.

The air conditioner according to claim 1, wherein the
heat exchanger (11) comprises a master heat ex-
changer 11A located so as to extend in the right-and-
left direction and face the front side of the air blowing
fan (12) and a slave heat exchanger 11B located so
as to extend in the right-and-left direction and face
the back side of the air blowing fan (12), the master
heat exchanger 11A and the slave heat exchanger
11B being assembled each other so that the cross-
sectional shape of the assembled master and slave
heat exchangers 11A and 11B is an inverted J-
shape, and the cut-out portion (29) is formed at one
end portion of the slave heat exchanger 11B.
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