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(54) INDOOR UNIT

(57) An indoor unit (3) includes a heat exchanger (22)
and a plurality of refrigerant pipes (31, 32). The indoor
unit (3) can constitute a refrigeration apparatus (1) in-
cluding a refrigerant circuit (6). R32 refrigerant is en-
closed in the refrigerant circuit (6). At least one of the

plurality of refrigerant pipes (31, 32) has an outer diam-
eter of (Do-1)/8 inches. Here, "Do/8 inches" represents
an outer diameter of one of the refrigerant pipes in a case
where R410A refrigerant is enclosed in the refrigerant
circuit (6).
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Description

TECHNICAL FIELD

[0001] The present invention relates to an indoor unit.

BACKGROUND ART

[0002] A refrigerant circuit included in a refrigeration
apparatus such as an air conditioner is configured by an
indoor unit and an outdoor unit connected to each other.
Many of the refrigerant circuits of refrigeration appara-
tuses currently available in the market use R410A refrig-
erant. Meanwhile, from the viewpoint of suppressing glo-
bal warming, R32 refrigerant having a smaller global
warming potential (GWP) than that of R410A refrigerant
has also been used in refrigeration apparatuses recently.
[0003] Patent Literature 1 (JP 5536817 B2) discloses
an air conditioner using R32 refrigerant. In this air con-
ditioner, an outer diameter of a connection pipe that con-
nects an indoor unit and an outdoor unit is set to be small-
er than that in a case where R410A refrigerant is enclosed
in a refrigerant circuit. The purpose of this configuration
is to reduce the amount of refrigerant enclosed in the
refrigerant circuit or to reduce the amount of piping ma-
terials used.

SUMMARY OF THE INVENTION

<Technical Problem>

[0004] In recent years, however, refrigeration appara-
tuses such as air conditioners have been required not
only to reduce the amount of enclosed refrigerant and
the amount of materials used, but also to be installed in
a smaller space through downsizing of the apparatuses.
Indoor units are also required to have a similar configu-
ration.
[0005] An indoor unit usually includes parts such as a
heat exchanger and, if necessary, an expansion valve.
The indoor unit also includes a refrigerant pipe connected
to these parts. As long as the refrigerant pipe has sub-
stantially the same outer diameter as the conventional
pipe, the downsizing of the indoor unit is limited.
[0006] An object of the present invention is to downsize
an indoor unit including a refrigerant pipe.

<Solution to Problem>

[0007] An indoor unit according to a first aspect of the
present invention includes a heat exchanger and a plu-
rality of refrigerant pipes. The indoor unit can constitute
a refrigeration apparatus including a refrigerant circuit.
R32 refrigerant is enclosed in the refrigerant circuit. At
least one of the plurality of refrigerant pipes has an outer
diameter of (Do-1)/8 inches. Here, "Do/8 inches" repre-
sents an outer diameter of one of the refrigerant pipes in
a case where R410A refrigerant is enclosed in the refrig-

erant circuit.
[0008] With this configuration, the R32 refrigerant is
used, and the outer diameter of at least one refrigerant
pipe is smaller than when R410A refrigerant is used.
Therefore, the indoor unit can be downsized and the in-
stallation space therefor can be reduced.
[0009] An indoor unit according to a second aspect of
the present invention includes a heat exchanger and a
plurality of refrigerant pipes. The indoor unit can consti-
tute a refrigeration apparatus including a refrigerant cir-
cuit. R32 refrigerant is enclosed in the refrigerant circuit.
At least one of the plurality of refrigerant pipes has an
outer diameter of 2/8 inches or less. The refrigeration
apparatus has a rated capacity of 7.1 kW or more.
[0010] With this configuration, the R32 refrigerant is
used, and the outer diameter of at least one refrigerant
pipe is 2/8 inches or less. In a case where R410A refrig-
erant is used, it is often difficult to reduce the outer diam-
eter of the refrigerant pipe to such a level. Therefore, the
indoor unit can be downsized and the installation space
therefor can be reduced.
[0011] An indoor unit according to a third aspect of the
present invention is the indoor unit according to the first
or second aspect, wherein the plurality of refrigerant
pipes includes a liquid refrigerant pipe and a gas refrig-
erant pipe. The outer diameter of the refrigerant pipe
mentioned in the first or second aspect is an outer diam-
eter of the liquid refrigerant pipe.
[0012] With this configuration, the outer diameter of at
least the liquid refrigerant pipe is small. Therefore, the
size reduction of the liquid refrigerant pipe allows the in-
door unit to be downsized.
[0013] An indoor unit according to a fourth aspect of
the present invention is the indoor unit according to the
third aspect, wherein the heat exchanger includes a re-
frigerant flow divider. The liquid refrigerant pipe is con-
nected to the refrigerant flow divider.
[0014] With this configuration, the liquid refrigerant
pipe is connected to the refrigerant flow divider of the
heat exchanger. It is therefore possible to downsize the
indoor unit by reducing the outer diameter of the liquid
refrigerant pipe that is disposed to be connected to the
refrigerant flow divider.
[0015] An indoor unit according to a fifth aspect of the
present invention is the indoor unit according to any one
of the first to fourth aspects, wherein the rated capacity
of the refrigeration apparatus is in a range of 7.1 kW to
16.0 kW inclusive.
[0016] With this configuration, the rated capacity of the
refrigeration apparatus including the indoor unit is in the
range of 7.1 kW to 16.0 kW inclusive. This makes it pos-
sible to reduce the installation space for a refrigeration
apparatus that has relatively large rated power and is
easily enlarged. The "rated capacity" herein may alter-
natively be described as the "nominal capacity" in a prod-
uct catalog or an instruction manual of a refrigeration
apparatus.
[0017] A refrigeration apparatus according to a sixth
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aspect of the present invention includes a refrigerant cir-
cuit that implements a refrigeration cycle by flow of re-
frigerant. The refrigeration apparatus includes an indoor
unit, an outdoor unit, and a connection pipe. The indoor
unit is the one according to any one of the first to fifth
aspects. The connection pipe connects the indoor unit
and the outdoor unit.
[0018] With this configuration, at least one refrigerant
pipe in the indoor unit of the refrigeration apparatus has
a small outer diameter. Therefore, the refrigeration ap-
paratus can be downsized and the installation space
therefor can be reduced.

<Advantageous Effects of Invention>

[0019] The indoor units according to the first to fifth
aspects of the present invention are downsized, so that
the installation space therefor can be reduced.
[0020] The refrigeration apparatus according to the
sixth aspect of the present invention is downsized, so
that the installation space therefor can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

FIG. 1 is a schematic diagram of a refrigeration ap-
paratus 1 including an indoor unit 3 according to an
embodiment of the present invention.
FIG. 2 is a plan view of an internal configuration of
the indoor unit 3.
FIG. 3 is a side view of the internal configuration of
the indoor unit 3.
FIG. 4 is a plan view of a liquid refrigerant pipe 31
of the indoor unit 3.
FIG. 5 is a side view of the liquid refrigerant pipe 31
of the indoor unit 3.
FIG. 6 is a schematic diagram of a refrigeration ap-
paratus 1 including an indoor unit 3 according to a
first modification of the embodiment of FIG. 1.
FIG. 7 is a schematic diagram of a refrigeration ap-
paratus 1 including an indoor unit 3 according to a
second modification of the embodiment of FIG. 1.

DESCRIPTION OF EMBODIMENTS

[0022] Hereinafter, an indoor unit according to an em-
bodiment of the present invention and modifications
thereof will be described with reference to the drawings.
Note that a specific configuration of the indoor unit ac-
cording to the present invention is not limited to those in
the following embodiment and modifications, but can be
changed without departing from the spirit of the invention.

(1) Overall configuration of refrigeration apparatus 1

[0023] FIG. 1 illustrates a refrigeration apparatus 1 in-
cluding an indoor unit 3 according to an embodiment of

the present invention. The refrigeration apparatus 1 is
configured as an air conditioner, and can cool or heat the
interior of a room in, for example, a building through a
vapor compression refrigeration cycle. The refrigeration
apparatus 1 includes an outdoor unit 2, an indoor unit 3,
and a liquid-refrigerant connection pipe 4 and a gas-re-
frigerant connection pipe 5 that connect the outdoor unit
2 and the indoor unit 3. The outdoor unit 2, the indoor
unit 3, the liquid-refrigerant connection pipe 4, and the
gas-refrigerant connection pipe 5 constitute a vapor com-
pression refrigerant circuit 6. R32 refrigerant is enclosed
in the refrigerant circuit 6.
[0024] Arated capacity of the refrigeration apparatus 1
is in the range of 7.1 kW to 16.0 kW inclusive. The "rated
capacity" herein means a value equivalent to the "nom-
inal capacity" described in a product catalog or an in-
struction manual of the outdoor unit 2.

(2) Configuration of each part of refrigeration apparatus 1

(2-1) Outdoor unit 2

[0025] The outdoor unit 2 is installed outdoors. The
outdoor unit 2 includes a low pressure receiver 7, a com-
pressor 8, a four-way switching valve 9, an outdoor heat
exchanger 10, an expansion valve 11, a liquid-side shut-
off valve 12, a gas-side shutoff valve 13, and an outdoor
fan 14. The compressor 8 includes a compressor body
8a and an attached receiver 8b. The outdoor unit 2 further
includes refrigerant pipes 15 to 21 that connect the parts.
[0026] The configuration of the outdoor unit 2 de-
scribed here is merely an example, and it is possible to
use other configurations and parts alternatively.

(2-2) Indoor unit 3

[0027] The indoor unit 3 is installed indoors. The indoor
unit 3 includes an indoor heat exchanger 22, an indoor
fan 24, a liquid refrigerant pipe 31, and a gas refrigerant
pipe 32. The indoor heat exchanger 22 includes a refrig-
erant flow divider 25. The liquid refrigerant pipe 31 con-
nects the refrigerant flow divider 25 of the indoor heat
exchanger 22 to the liquid-refrigerant connection pipe 4.
Here, the liquid refrigerant pipe 31 may be either separate
from or integral with the liquid-refrigerant connection pipe
4. The gas refrigerant pipe 32 connects the indoor heat
exchanger 22 and the gas-refrigerant connection pipe 5.
Here, the gas refrigerant pipe 32 may be either separate
from or integral with the gas-refrigerant connection pipe
5.

(2-3) Liquid-refrigerant connection pipe 4 and gas-refrig-
erant connection pipe 5

[0028] The liquid-refrigerant connection pipe 4 and the
gas-refrigerant connection pipe 5 are constructed on site
when the refrigeration apparatus 1 configured as an air
conditioner is installed in an installation place in, for ex-
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ample, a building. One end of the liquid-refrigerant con-
nection pipe 4 is connected to the liquid-side shutoff valve
12 of the outdoor unit 2. The other end of the liquid-re-
frigerant connection pipe 4 is connected to a liquid-side
end of the indoor heat exchanger 22 of the indoor unit 3
directly, or indirectly through the liquid refrigerant pipe
31 separate from the liquid-refrigerant connection pipe
4. One end of the gas-refrigerant connection pipe 5 is
connected to the gas-side shutoff valve 13 of the outdoor
unit 2. The other end of the gas-refrigerant connection
pipe 5 is connected to a gas-side end of the indoor heat
exchanger 22 of the indoor unit 3 directly, or indirectly
through the gas refrigerant pipe 32 separate from the
gas-refrigerant connection pipe 5.

(3) Operation of refrigeration apparatus 1

[0029] At the time of cooling, the refrigeration appara-
tus 1 performs a refrigeration cycle in which the refriger-
ant is circulated through the outdoor unit 2, the liquid-
refrigerant connection pipe 4, the indoor unit 3, and the
gas-refrigerant connection pipe 5 in that order. At this
time, the indoor heat exchanger 22 functions as a heat
absorber that removes heat from indoor air.
[0030] At the time of heating, the refrigeration appara-
tus 1 performs a refrigeration cycle in which the refriger-
ant is circulated through the outdoor unit 2, the gas-re-
frigerant connection pipe 5, the indoor unit 3, and the
liquid-refrigerant connection pipe 4 in that order. At this
time, the indoor heat exchanger 22 functions as a heat
radiator that releases heat into the indoor air.

(4) Detailed configuration of indoor unit 3

[0031] Generally, the indoor unit 3 is required to be
installed in a smaller space. The size of the indoor unit
3 tends to be larger as the refrigeration apparatus 1 has
a larger rated capacity. In order to reduce the installation
space for the indoor unit 3, it is necessary to downsize
the refrigerant pipes such as the liquid refrigerant pipe
31 and the gas refrigerant pipe 32 as well as downsizing
the parts such as the indoor heat exchanger 22.
[0032] In this case, therefore, R32 refrigerant is en-
closed in the refrigerant circuit 6, and an outer diameter
of the liquid refrigerant pipe 31, among the refrigerant
pipes 31 and 32, is smaller than that in an outdoor unit
used in a refrigeration apparatus having the same rated
capacity and in which R410A refrigerant is enclosed in
the refrigerant circuit 6.
[0033] As described above, the rated capacity of the
refrigeration apparatus 1 according to the present em-
bodiment is in the range of 7.1 kW to 16.0 kW inclusive.
In an indoor unit of a conventional refrigeration apparatus
having this level of rated capacity and using R410A re-
frigerant, an outer diameter of a liquid refrigerant pipe is,
for example, 3/8 inches, and an outer diameter of a gas
refrigerant pipe is, for example, 5/8 inches. This is ge-
nerically referred to herein as "in the indoor unit for

R410A, the outer diameter of the refrigerant pipe is Do/8
inches".
[0034] On the other hand, an outer diameter of at least
one of the refrigerant pipes installed inside the indoor
unit 3 of the refrigeration apparatus 1 is set to (Do-1)/8
inches, which is one size smaller than that in the indoor
unit for R410A. For example, the liquid refrigerant pipe
31 of the indoor unit 3 is manufactured to have an outer
diameter of 2/8 inches or less. With this configuration,
herein, the liquid refrigerant pipe 31 having a reduced
pipe diameter can reduce the installation space for the
indoor unit 3.
[0035] FIGS. 2 and 3 illustrate an internal configuration
of the indoor unit 3. The liquid refrigerant pipe 31 is con-
nected to the refrigerant flow divider 25 of the heat ex-
changer 22. The gas refrigerant pipe 32 is connected to
an end of the heat exchanger 22 without the refrigerant
flow divider 25. As illustrated in FIGS. 4 and 5, the liquid
refrigerant pipe 31 has a bent portion B1 and a bent por-
tion B2, which are bent. The shape of the liquid refrigerant
pipe 31 is not limited to this. For example, the liquid re-
frigerant pipe 31 may have only one bent portion. Alter-
natively, the liquid refrigerant pipe 31 may have three or
more bent portions.
[0036] In a case of reducing the outer diameter of the
refrigerant pipe having at least one bent portion, a bend-
ing radius of the bent portion can be reduced as com-
pared with before reducing the outer diameter of the re-
frigerant pipe. Such a reduction in the bending radius can
lead to a further reduction in the space occupied by the
refrigerant pipe. Therefore, the bending radius is expect-
ed to be reduced also at the bent portion B1 and the bent
portion B2 in the liquid refrigerant pipe 31 of the present
embodiment. This can lead to a significant reduction in
the installation space for the indoor unit 3.

(5) Characteristics

(5-1)

[0037] The R32 refrigerant is used, and the outer di-
ameter of at least the liquid refrigerant pipe 31 is 2/8
inches or less, which is smaller than when R410A refrig-
erant is used. Therefore, the indoor unit 3 can be down-
sized and the installation space therefor can be reduced.

(5-2)

[0038] The liquid refrigerant pipe 31 is connected to
the refrigerant flow divider 25 of the heat exchanger 22.
It is therefore possible to downsize the indoor unit 3 by
reducing the outer diameter of the liquid refrigerant pipe
31 that is designed to be connected to the refrigerant flow
divider 25.

(5-3)

[0039] The rated capacity of the refrigeration appara-
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tus 1 including the indoor unit 3 is in the range of 7.1 kW
to 16.0 kW inclusive. Therefore, the refrigeration appa-
ratus 1 having a rated capacity in this range can be in-
stalled in a smaller space.

(5-4)

[0040] Since the refrigeration apparatus 1 includes
such an indoor unit 3, the installation space for the entire
refrigeration apparatus 1 can be reduced.

(6) Modifications

(6-1) First modification

[0041] In the above embodiment, the refrigerant circuit
6 in the indoor unit 3 does not include an expansion valve.
Alternatively, as illustrated in FIG. 6, an indoor unit 3 may
include an indoor expansion valve 23. The indoor expan-
sion valve 23 is provided on a liquid refrigerant pipe 31.
Therefore, the liquid refrigerant pipe 31 is divided into a
first liquid pipe 33 and a second liquid pipe 34 by the
indoor expansion valve 23. The first liquid pipe 33 is con-
nected to a heat exchanger 22 and the indoor expansion
valve 23. The second liquid pipe 34 connects the indoor
expansion valve 23 and a liquid-refrigerant connection
pipe 4. The second liquid pipe 34 may be either separate
from or integral with the liquid-refrigerant connection pipe
4.
[0042] An outer diameter of at least one of the refrig-
erant pipes 32, 33, and 34 is (Do-1)/8 inches, which is
one size smaller than Do/8 inches, i.e., the outer diameter
of one of the refrigerant pipes in the indoor unit of the
refrigeration apparatus using R410 refrigerant. For ex-
ample, the outer diameter of the first liquid pipe 33 is
reduced from 3/8 inches to 2/8 inches as in the above
embodiment. With this configuration, the installation
space for the indoor unit 3 including the indoor expansion
valve 23 can be reduced.

(6-2) Second modification

[0043] In the above embodiment, the refrigeration ap-
paratus 1 is of a so-called pair type; in other words, one
indoor unit 3 is connected to one outdoor unit 2. Alterna-
tively, as illustrated in FIG. 7, a refrigeration apparatus 1
of a so-called multiple type may be configured with a
plurality of indoor units 3 connected to one outdoor unit
2. Note that the indoor fan 24 is not illustrated in the draw-
ing. Alternatively, each indoor unit 3 may be a product
including the indoor expansion valve 23 according to the
first modification. This makes it possible to downsize the
multiple-type refrigeration apparatus 1.

(6-3) Third modification

[0044] In the above embodiment, the refrigeration ap-
paratus 1 is configured as an air conditioner. Alternative-

ly, the refrigeration apparatus 1 may be configured as a
freezer, a hot water supply apparatus, or any other ap-
paratus that uses a refrigeration cycle. As a result, a re-
frigeration apparatus other than an air conditioner can
be downsized.

REFERENCE SIGNS LIST

[0045]

1 Refrigeration apparatus
2 Outdoor unit
3 Indoor unit
4 Liquid-refrigerant connection pipe
5 Gas-refrigerant connection pipe
6 Refrigerant circuit
22 Indoor heat exchanger
23 Indoor expansion valve
31 to 34 Refrigerant pipe

CITATION LIST

PATENT LITERATURE

[0046] [Patent Literature 1] JP 5536817 B2

Claims

1. An indoor unit (3) comprising:

a heat exchanger (22); and
a plurality of refrigerant pipes (31 to 34),
the indoor unit (3) being configured to constitute
a refrigeration apparatus (1) including a refrig-
erant circuit (6),
wherein R32 refrigerant is enclosed in the refrig-
erant circuit, and
at least one of the plurality of refrigerant pipes
has an outer diameter of (Do-1)/8 inches,
where "Do/8 inches" represents an outer diam-
eter of one of the refrigerant pipes in a case
where R410A refrigerant is enclosed in the re-
frigerant circuit.

2. An indoor unit (3) comprising:

a heat exchanger (22); and
a plurality of refrigerant pipes (31 to 34),
the indoor unit (3) being configured to constitute
a refrigeration apparatus (1) including a refrig-
erant circuit (6),
wherein R32 refrigerant is enclosed in the refrig-
erant circuit,
at least one of the plurality of refrigerant pipes
has an outer diameter of 2/8 inches or less, and
the refrigeration apparatus has a rated capacity
of 7.1 kW or more.
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3. The indoor unit according to claim 1 or 2, wherein
the plurality of refrigerant pipes includes:

a liquid refrigerant pipe (31); and
a gas refrigerant pipe (32), and
the outer diameter of one of the refrigerant pipes
is an outer diameter of the liquid refrigerant pipe.

4. The indoor unit according to claim 3, wherein

the heat exchanger includes a refrigerant flow
divider (25), and
the liquid refrigerant pipe is connected to the re-
frigerant flow divider.

5. The indoor unit according to any one of claims 1 to
4, wherein the rated capacity of the refrigeration ap-
paratus is in a range of 7.1 kW to 16.0 kW inclusive.

6. A refrigeration apparatus (1) including a refrigerant
circuit (6) that implements a refrigeration cycle by
flow of refrigerant, the refrigeration apparatus (1)
comprising:

the at least one indoor unit (3) according to any
one of claims 1 to 5;
an outdoor unit (2); and
a connection pipe (4, 5) that connects the indoor
unit and the outdoor unit.
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