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(54) REFRIGERATION CYCLE DEVICE

(57)  Arefrigeration cycle apparatus (100) includes: a
refrigerant circuit (C1) including a compressor (1), a first
heat exchanger (2), a first decompressing apparatus (3),
a second heat exchanger (4), and an accumulator (5);
and a heating unit (H1). In the refrigerant circuit (C1),
refrigerant circulates in order of the compressor (1), the
first heat exchanger (2), the first decompressing appa-
ratus (3), the second heat exchanger (4), and the accu-
mulator (5). The heating unit (H1) is configured to heat the
refrigerant that returns from the accumulator (5) to the
compressor (1), using the refrigerant that has passed
through the first heat exchanger (2). Preferably, the heat-
ing unit (H1) includes a third heat exchanger (6) config-
ured to perform heat exchange between the refrigerant
running toward the first decompressing apparatus (3)
after having passed through the first heat exchanger
(2) and the refrigerant running toward the compressor
(1) after having passed through the accumulator (5).
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Description

TECHNICAL FIELD

[0001] The presentdisclosure relates to a refrigeration
cycle apparatus.

BACKGROUND ART

[0002] Japanese Patent Laying-Open No.

2009-222348 (PTL 1) discloses a refrigeration apparatus
that can reduce the possibility that liquid compression
may occur in a compressor. The refrigeration apparatus
includes an internal heat exchanger as a mechanism for
heating refrigerant fed from an evaporator to the com-
pressor.

CITATION LIST
PATENT LITERATURE

[0003] PTL 1: Japanese Patent Laying-Open No.
2009-222348

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0004] Within a compressor of a refrigeration cycle
apparatus, there is a refrigerating machine oil in order
to secure the lubricating property of the compressor.
When the operation of the compressor is started, gas
refrigerant is outputted from the compressor to a refrig-
erant circuit. With the flow of this gas refrigerant, a mixed
liquid of liquid refrigerant and the refrigerating machine oil
is taken out to the refrigerant circuit.

[0005] Japanese Patent Laying-Open No.
2009-222348 described above describes that an accu-
mulator may be provided in a refrigerant circuit in order to
prevent the refrigerant to be suctioned into the compres-
sor from becoming wet, and reduce the possibility that
liquid compression may occur in the compressor, in the
refrigeration apparatus.

[0006] However, when an accumulator is provided,
liquid compression is suppressed, but oil return property
from the accumulator is deteriorated, and the reliability of
the compressor is reduced. Further, since surplus refrig-
erant stays in the accumulator, the degree of suction
dryness of the compressor is decreased, and the perfor-
mance of the compressor is deteriorated.

[0007] An object of the present disclosure is to provide
arefrigeration cycle apparatus that can avoid liquid com-
pression using an accumulator and eliminate a shortage
of a refrigerating machine oil in a compressor.

SOLUTION TO PROBLEM

[0008] The presentdisclosure relates to a refrigeration
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cycle apparatus. The refrigeration cycle apparatus in-
cludes: a refrigerant circuit including a compressor, a first
heat exchanger, a first decompressing apparatus, a sec-
ond heat exchanger, and an accumulator; and a heating
unit. In the refrigerant circuit, refrigerant circulates in
order of the compressor, the first heat exchanger, the
first decompressing apparatus, the second heat exchan-
ger, and the accumulator. The heating unit is configured
to heat the refrigerant that returns from the accumulator
to the compressor, using the refrigerant that has passed
through the first heat exchanger.

ADVANTAGEOUS EFFECTS OF INVENTION

[0009] Accordingto the refrigeration cycle apparatusin
the present disclosure, it is possible to avoid liquid com-
pression in the compressor and eliminate a shortage of a
refrigerating machine oil in the compressor.

BRIEF DESCRIPTION OF DRAWINGS
[0010]

Fig. 1 shows a configuration of a refrigeration cycle
apparatus in a first embodiment.

Fig. 2 shows the relation between each of an oil
return ratio and the degree of dryness, and pressure
loss.

Fig. 3 is a p-h diagram for describing operation of the
refrigeration cycle apparatus in the firstembodiment.
Fig. 4 shows a configuration of a refrigeration cycle
apparatus in a second embodiment.

Fig. 5is a p-h diagram for describing operation of the
refrigeration cycle apparatus in the second embodi-
ment.

Fig. 6 shows a configuration of a refrigeration cycle
apparatus in a third embodiment.

Fig. 7 is a p-h diagram for describing operation of the
refrigeration cycle apparatus in the third embodi-
ment.

Fig. 8 shows a configuration of a refrigeration cycle
apparatus in a fourth embodiment.

Fig. 9 is a flowchart for describing control performed
by a controller 60.

Fig. 10 shows a configuration of a refrigeration cycle
apparatus in a fifth embodiment.

Fig. 11 is a p-h diagram for describing operation of
the refrigeration cycle apparatus in the fifth embodi-
ment.

DESCRIPTION OF EMBODIMENTS

[0011] Hereinafter, embodiments of the present disclo-
sure will be described in detail with reference to the
drawings. In the following, a plurality of embodiments
will be described, and it is originally intended from the
time of filing the present application to combine config-
urations described in the embodiments as appropriate. It
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should be noted that identical or corresponding parts in
the drawings will be designated by the same reference
characters, and the description thereof will not be re-
peated.

First Embodiment

[0012] Fig. 1 shows a configuration of a refrigeration
cycle apparatus in a first embodiment. A refrigeration
cycle apparatus 100 shownin Fig. 1 includes arefrigerant
circuit C1 and a heating unit H1. Refrigerant circuit C1
includes, at least, a compressor 1, a first heat exchanger
2, a first decompressing apparatus 3, a second heat
exchanger 4, and an accumulator 5. It should be noted
that refrigerant circuit C1 may further include a four-way
valve 10, although it is not essential. Further, in Figs. 4, 6,
8, and 10 described later, refrigerant circuit C1 may also
further include four-way valve 10, although it is not
shown. Heating unit H1 includes a third heat exchanger
6.

[0013] First heat exchanger 2 is configured to perform
heat exchange between high-pressure refrigerant after
having been compressed by compressor 1 and a heat
medium such as the air. Second heat exchanger 4 is
configured to perform heat exchange between low-pres-
sure refrigerant decompressed by the first decompres-
sing apparatus and the heat medium such as the air.
Third heat exchanger 6 has a first flow path 6a and a
second flow path 6b, and is configured to perform heat
exchange between the refrigerant passing through first
flow path 6a and the refrigerant passing through second
flow path 6b.

[0014] Compressor 1 is configured to change its oper-
ating frequency, in accordance with a control signal re-
ceived from a controller not shown. Specifically, com-
pressor 1 includes therein a drive motor variable in rota-
tional speed under inverter control and, when the oper-
ating frequency is changed, the rotational speed of the
drive motor is changed. By changing the operating fre-
quency of compressor 1, an output of compressor 1 is
adjusted. Compressor 1 of any of various types such as
rotary type, reciprocating type, scroll type, and screw
type, for example, may be employed.

[0015] Accumulator 5 is connected between compres-
sor 1 and second heat exchanger 4 by pipes. First flow
path 6a, which is a low-pressure side flow path of third
heat exchanger 6, is connected between compressor 1
and accumulator 5 by pipes. Second flow path 6b, which
is a high-pressure side flow path of third heat exchanger
6, is connected between first heat exchanger 2 and first
decompressing apparatus 3 by pipes.

[0016] The refrigeration cycle apparatus in the first
embodiment is characterized in that heat is exchanged
between the refrigerant passing through low-pressure
side first flow path 6a and the refrigerant passing through
high-pressure side second flow path 6b. In refrigerant
circuit C1, the refrigerant circulates in order of compres-
sor 1, first heat exchanger 2, first decompressing appa-
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ratus 3, second heat exchanger 4, and accumulator 5.
Heating unit H1 is configured to heat the refrigerant that
returns from accumulator 5 to compressor 1, using the
refrigerant that has passed through first heat exchanger
2. Heating unit H1 includes third heat exchanger 6 con-
figured to perform heat exchange between the refrigerant
running toward first decompressing apparatus 3 after
having passed through first heat exchanger 2 and the
refrigerant running toward compressor 1 after having
passed through accumulator 5.

[0017] Here, before describing operation of refrigera-
tion cycle apparatus 100 in the first embodiment, defini-
tions of several terms will be provided.

[0018] An "oil return ratio" refers to a ratio of the flow
rate of an oil flowing from accumulator 5 to compressor 1,
to the flow rate of the entire refrigerant. The lower the
pressure loss in an oil return path due to an oil return hole
inaccumulator 5 orthe like is, the higher the oil return ratio
is, and reliability can be improved.

[0019] The "degree of dryness" refers to a ratio of the
flow rate of gas refrigerant flowing from the accumulator
to the compressor, to the flow rate of the entire refrigerant
flowing from the accumulator to the compressor (gas/(ga-
s+liquid)). The higher the pressure loss in the oil return
path due to the oil return hole or the like is, the lower the
degree of dryness s, and liquid compression in compres-
sor 1 can be suppressed and reliability can be improved.
[0020] Fig.2 shows the relation between each of the oil
return ratio and the degree of dryness, and the pressure
loss. As shownin Fig. 2, the lower the pressure loss in the
oil return path is, the higher the oil return ratio is, and the
lower the pressure loss in the oil return path is, the higher
the degree of dryness is. Thus, the oil return ratio and the
degree of dryness have a trade-off relation.

[0021] Fig. 3 is a p-h diagram for describing operation
of the refrigeration cycle apparatus in the first embodi-
ment. Points a to g in Fig. 3 correspond to states of the
refrigerant at points a to g in Fig. 1, respectively. The
refrigerant discharged from compressor 1 (point a)
passes through first heat exchanger 2 (point b), further
passes through high-pressure side second flow path 6b
of third heat exchanger 6 (point c), and is decompressed
by first decompressing apparatus 3 (point d).

[0022] Then, the refrigerant thereafter passes through
second heat exchanger 4 (point e), passes through ac-
cumulator 5 (point f), and then passes through low-pres-
sure side first flow path 6a of third heat exchanger 6 (point
g), and returns to compressor 1. Heat exchange is per-
formed in low-pressure side first flow path 6a (points b to
c) and high-pressure side second flow path 6b (points f to
g) of third heat exchanger 6.

[0023] As described above, in the refrigeration cycle
apparatusin the firstembodiment, third heat exchanger 6
isinstalled, which is configured to perform heat exchange
between the high-temperature, high-pressure refrigerant
and the low-temperature, low-pressure refrigerant be-
tween accumulator 5 and compressor 1.

[0024] Thereby, the following effects are obtained.
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Thatis, even when the pressure loss in the oil return path
due to the oil return hole in accumulator 5 or the like is
reduced to increase the oil return ratio and decrease the
degree of dryness, only liquid compression can be sup-
pressed by third heat exchanger 6, and thus the reliability
of compressor 1 can be improved while maintaining the
performance of the refrigeration cycle apparatus.
Further, heat transfer performance can be improved by
decreasing the degree of dryness at aninlet and an outlet
of second heat exchanger 4.

Second Embodiment

[0025] Inasecond embodiment, a branch flow path F1
configured to branch a part of the refrigerant having
flowed out of high-pressure side first heat exchanger 2
and cause itto bypass first decompressing apparatus 3 is
provided, and the third heat exchanger is arranged in
branch flow path F1.

[0026] Fig. 4 shows a configuration of a refrigeration
cycle apparatus in the second embodiment. A refrigera-
tion cycle apparatus 200 in the second embodiment
includes refrigerant circuit C1 and a heating unit H2.
Refrigerant circuit C1 includes, at least, compressor 1,
first heat exchanger 2, first decompressing apparatus 3,
second heat exchanger 4, and accumulator 5.

[0027] Refrigeration cycle apparatus 200 further in-
cludes branch flow path F1 configured to branch from
a branch portion 7 in a flow path running toward first
decompressing apparatus 3 after having passed through
first heat exchanger 2, and merge into refrigerant circuit
C1 at a merge portion 8 downstream of branch portion 7
of refrigerant circuit C1, in refrigerant circuit C1. Heating
unit H2 includes a second decompressing apparatus 9
configured to decompress the refrigerant flowing through
branch flow path F1, and third heat exchanger 6 config-
ured to perform heat exchange between the refrigerant
flowing through branch flow path F1 and running from
branch portion 7 toward second decompressing appara-
tus 9 and the refrigerant running toward compressor 1
after having passed through accumulator 5 in refrigerant
circuit C1.

[0028] Since first heat exchanger 2, second heat ex-
changer 4, first decompressing apparatus 3, and accu-
mulator 5 are the same as those in the first embodiment,
the description will not be repeated herein.

[0029] Branch portion 7 is installed between first heat
exchanger 2 and first decompressing apparatus 3 in
refrigerant circuit C1. Merge portion 8 is arranged in a
flow path running from second heat exchanger 4 toward
accumulator 5 in refrigerant circuit C1. Second decom-
pressing apparatus 9 is connected between branch por-
tion 7 and merge portion 8 in branch flow path F1 by
pipes.

[0030] Low-pressure side first flow path 6a of third heat
exchanger 6 is connected between accumulator 5 and
compressor 1 in refrigerant circuit C1 by pipes. High-
pressure side second flow path 6b of third heat exchan-
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ger 6 is connected between branch portion 7 and second
decompressing apparatus 9 in branch flow path F1 by
pipes.

[0031] In the second embodiment, the refrigeration
cycle apparatus is characterized in that heat is ex-
changed between the refrigerants in low-pressure side
firstflow path 6a and high-pressure side second flow path
6b.

[0032] Fig. 5 is a p-h diagram for describing operation
of the refrigeration cycle apparatus in the second embo-
diment. Points a to k in Fig. 5 correspond to states of the
refrigerant at points a to k in Fig. 4, respectively.

[0033] The refrigerant discharged from compressor 1
(point a) flows in order of first heat exchanger 2 (point b)
and branch portion 7. Of the refrigerant having flowed out
of branch portion 7, one branched part passes through
first decompressing apparatus 3 (point d), and the other
branched part flows into high-pressure side second flow
path 6b of third heat exchanger 6 and is subjected to heat
exchange (pointsitoj). The refrigerant having flowed out
of firstdecompressing apparatus 3 (pointd) flows in order
of second heat exchanger 4 (point e) and merge portion
8, and the refrigerant having flowed out of high-pressure
side second flow path 6b of third heat exchanger 6 (point
j) passes through second decompressing apparatus 9
(pointk). These refrigerants are merged at merge portion
8 (point f). Thereafter, the merged refrigerant passes
through accumulator 5 (point g), and further passes
through low-pressure side first flow path 6a of third heat
exchanger 6 (point h).

[0034] On this occasion, heat is exchanged between
the refrigerant passing through low-pressure side first
flow path 6a (points g to h) and the refrigerant passing
through high-pressure side second flow path 6b (points i
to j) of third heat exchanger 6.

[0035] As described above, in the second embodi-
ment, third heat exchanger 6 and second decompressing
apparatus 9 are provided, third heat exchanger 6 being
configured to perform heat exchange between the refrig-
erant flowing between accumulator 5 and compressor 1,
and the refrigerant that is partially branched from the
refrigerant having flowed out of high-pressure side first
heat exchanger 2 and flows into branch flow path F1. The
refrigerant in second flow path 6b subjected to heat
exchange in third heat exchanger 6 is merged at merge
portion 8 at an inlet of accumulator 5.

[0036] With such a configuration, the following effects
are obtained. First, under a condition where the tempera-
ture of the refrigerant discharged from compressor 1
increases, the temperature of the discharged refrigerant
can be suppressed. Next, by reducing the flow rate of the
refrigerant in low-pressure side second heat exchanger
4, the pressure loss in refrigerant circuit C1 can be re-
duced, and the performance of the refrigeration cycle
apparatus can be improved.
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Third Embodiment

[0037] Although abranch flow pathis also providedina
third embodiment, the position of merge portion 8 at
which the refrigerant is merged is changed. In the third
embodiment, the refrigerant having passed through the
branch flow path is merged ataninlet part of low-pressure
side second heat exchanger 4.

[0038] Fig. 6 shows a configuration of a refrigeration
cycle apparatus in the third embodiment. A refrigeration
cycle apparatus 300 in the third embodiment includes
refrigerant circuit C1 and a heating unit H3. Refrigerant
circuit C1 includes, at least, compressor 1, first heat
exchanger 2, first decompressing apparatus 3, second
heat exchanger 4, and accumulator 5.

[0039] Refrigeration cycle apparatus 300 further in-
cludes a branch flow path F2 configured to branch from
branch portion 7 in the flow path running toward first
decompressing apparatus 3 after having passed through
first heat exchanger 2, and merge into refrigerant circuit
C1 atamerge portion 82 downstream of branch portion 7
of refrigerant circuit C1, in refrigerant circuit C1. Merge
portion 82 is arranged in a flow path running from first
decompressing apparatus 3 toward second heat exchan-
ger 4 in refrigerant circuit C1. Heating unit H3 includes
second decompressing apparatus 9 configured to de-
compress the refrigerant flowing through branch flow
path F2, and third heat exchanger 6. Third heat exchan-
ger6is configured to perform heat exchange between the
refrigerant flowing through branch flow path F2 and run-
ning from branch portion 7 toward second decompres-
sing apparatus 9 and the refrigerant running toward
compressor 1 after having passed through accumulator
5 in refrigerant circuit C1.

[0040] Since first heat exchanger 2, second heat ex-
changer 4, first decompressing apparatus 3, and accu-
mulator 5 are the same as those in the first embodiment,
the description will not be repeated herein.

[0041] Branch portion 7 is installed between first heat
exchanger 2 and first decompressing apparatus 3 in
refrigerant circuit C1. Merge portion 82 is installed be-
tween first decompressing apparatus 3 and second heat
exchanger4 inrefrigerantcircuit C1. Second decompres-
sing apparatus 9 is connected between branch portion 7
and merge portion 82 in branch flow path F2 by pipes.
[0042] Low-pressure side first flow path 6a of third heat
exchanger 6 is connected between accumulator 5 and
compressor 1 in refrigerant circuit C1 by pipes. High-
pressure side second flow path 6b of third heat exchan-
ger 6 is connected between branch portion 7 and second
decompressing apparatus 9 in branch flow path F2 by
pipes.

[0043] In the third embodiment, the refrigeration cycle
apparatus is characterized in that heat is exchanged
between the refrigerants in low-pressure side first flow
path 6a and high-pressure side second flow path 6b, as in
the second embodiment.

[0044] Fig. 7 is a p-h diagram for describing operation
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of the refrigeration cycle apparatus in the third embodi-
ment. Points a to k in Fig. 7 correspond to states of the
refrigerant at points a to k in Fig. 6, respectively.

[0045] The refrigerant discharged from compressor 1
(point a) flows in order of first heat exchanger 2 (point b)
and branch portion 7. Of the refrigerant having flowed out
of branch portion 7, one branched part passes through
first decompressing apparatus 3 (point d), and the other
branched part flows into high-pressure side second flow
path 6b of third heat exchanger 6 and is subjected to heat
exchange (pointsitoj). The refrigerant having flowed out
of first decompressing apparatus 3 (point d) reaches
merge portion 82. Further, the refrigerant having flowed
out of high-pressure side second flow path 6b of third heat
exchanger 6 passes through second decompressing
apparatus 9 (point k) and reaches merge portion 82.
The refrigerant merged at merge portion 82 (point e)
passes through second heat exchanger 4 and accumu-
lator 5 (points f, g), is subjected to heat exchange in low-
pressure side first flow path 6a of third heat exchanger 6
(points g to h), and returns to compressor 1.

[0046] On this occasion, heat is exchanged between
the refrigerant passing through low-pressure side first
flow path 6a (points g to h) and the refrigerant passing
through high-pressure side second flow path 6b (points i
to j) of third heat exchanger 6.

[0047] As described above, also in the third embodi-
ment, third heat exchanger 6 is provided as in the second
embodiment. However, in the third embodiment, the re-
frigerant having passed through the branch flow path
subjected to heat exchange is merged at the inlet of
second heat exchanger 4.

[0048] With such a configuration, the following effects
are obtained in addition to the effects in the second
embodiment. That is, by decreasing the degree of dry-
ness at the inlet of low-pressure side second heat ex-
changer 4, distribution performance can be improved,
and the heat transfer performance of the refrigerant
passing through second heat exchanger 4 can be im-
proved.

Fourth Embodiment

[0049] In a fourth embodiment, a controller configured
to control second decompressing apparatus 9 to have an
appropriate opening degree is provided.

[0050] Fig. 8 shows a configuration of a refrigeration
cycle apparatus in the fourth embodiment. A refrigeration
cycle apparatus 400 shown in Fig. 8 includes a sensor 50
and a controller 60, in addition to the components of
refrigeration cycle apparatus 300 shown in Fig. 6. Since
other components are the same as those described in
Fig. 6, the description will not be repeated. It should be
noted that sensor 50 and controller 60 may further be
provided to refrigeration cycle apparatus 200 in Fig. 4.
[0051] Sensor 50 is a temperature sensor configured
to sense the temperature of the refrigerant discharged
from compressor 1, for example. It should be noted that
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sensor 50 may be any other sensor that can predict a
suction state of compressor 1. Sensor 50 may be ar-
ranged on a suction side of compressor 1.

[0052] Controller 60 has a configuration including a
CPU (Central Processing Unit) 61, a memory 62 (a
ROM (Read Only Memory) and a RAM (Random Access
Memory)), input/output buffers (not shown), and the like.
CPU 61 expands programs stored in the ROM onto the
RAM or the like and executes the programs. The pro-
grams stored in the ROM are programs describing pro-
cessing procedures of controller 60. In accordance with
these programs, controller 60 performs control of devices
in refrigeration cycle apparatus 400. This control can be
processed not only by software but also by dedicated
hardware (electronic circuitry). In particular, controller 60
is configured to control second decompressing appara-
tus 9 in accordance with a value sensed by sensor 50.
[0053] Fig. 9 is a flowchart for describing control per-
formed by controller 60. First, in step S1, controller 60
confirms an operation state of the refrigeration cycle
apparatus. When the refrigeration cycle apparatus is
not operating (NO in S1), the processing of this flowchart
ends.

[0054] On the other hand, when the refrigeration cycle
apparatus is operating (YES in S1), in step S2, controller
60 obtains a sensed value from sensor 50. The sensed
value is the temperature of the refrigerant discharged
from compressor 1, for example. Then, in step S3, con-
troller 60 compares the sensed value obtained from
sensor 50 with a reference value.

[0055] Inthe case of the reference value < the sensed
value (YES in S3), controller 60 decreases the opening
degree of second decompressing apparatus 9in step S4.
Onthe other hand, in the case of the reference value > the
sensed value (NO in S3), controller 60 increases the
opening degree of second decompressing apparatus 9
in step S5.

[0056] After the processing in step S4 or step S5, the
processing from step S1 is performed again.

[0057] As described above, in the fourth embodiment,
second decompressing apparatus 9 is controlled to have
an appropriate opening degree. Since the amount of heat
exchange of third heat exchanger 6 is thereby controlled
to an appropriate amount of heat exchange, the refrig-
eration cycle apparatus can be operated at a point ex-
cellent in performance, while suppressing an increase in
the temperature of the refrigerant discharged from com-
pressor 1.

Fifth Embodiment

[0058] In a fifth embodiment, the refrigerant decom-
pressed in a branch flow path is caused to exchange heat
with the refrigerant running from an outlet of first heat
exchanger 2 toward first decompressing apparatus 3,
and merge into the refrigerant flowing through the refrig-
erant circuit at a merge point between compressor 1 and
accumulator 5.
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[0059] Fig. 10 shows a configuration of a refrigeration
cycle apparatus in the fifth embodiment. A refrigeration
cycle apparatus 500 in the fifth embodiment includes
refrigerant circuit C1 and a heating unit H4. Refrigerant
circuit C1 includes, at least, compressor 1, first heat
exchanger 2, first decompressing apparatus 3, second
heat exchanger 4, and accumulator 5.

[0060] Since first heat exchanger 2, second heat ex-
changer 4, first decompressing apparatus 3, and accu-
mulator 5 are the same as those in the first to fourth
embodiments, the description will not be repeated herein.
[0061] Refrigeration cycle apparatus 500 further in-
cludes a branch flow path F3 configured to branch from
branch portion 7 on the flow path running toward first
decompressing apparatus 3 after having passed through
first heat exchanger 2, and merge into refrigerant circuit
C1 at a merge portion 83 on a flow path running toward
compressor 1 after having passed through accumulator
5, in refrigerant circuit C1. Branch portion 7 is installed
between first heat exchanger 2 and first decompressing
apparatus 3 in refrigerant circuit C1. Merge portion 83 is
installed between accumulator 5 and compressor 1 in
refrigerant circuit C1.

[0062] Heating unit H4 includes second decompres-
sing apparatus 9 configured to decompress the refriger-
ant flowing through branch flow path F3, and third heat
exchanger 6 configured to perform heat exchange be-
tween the refrigerant flowing through branch flow path F3
and running from second decompressing apparatus 9
toward merge portion 83 and the refrigerant running from
branch portion 7 toward first decompressing apparatus 3
in refrigerant circuit C1. Second decompressing appara-
tus 9 is connected between branch portion 7 and merge
portion 83 in branch flow path F3 by pipes. In this case,
heating unit H4 heats the refrigerant to be suctioned by
compressor 1, by causing the heated refrigerantto merge
at the merge portion.

[0063] Low-pressure side first flow path 6a of third heat
exchanger 6 is connected between second decompres-
sing apparatus 9 and merge portion 83 in branch flow
path F3 by pipes. High-pressure side second flow path 6b
of third heat exchanger 6 is connected between branch
portion 7 and first decompressing apparatus 3 in refrig-
erant circuit C1 by pipes.

[0064] In the fifth embodiment, the refrigeration cycle
apparatus is characterized in that heat is exchanged
between the refrigerants in low-pressure side first flow
path 6a and high-pressure side second flow path 6b.
[0065] Fig. 11is a p-h diagram for describing operation
of the refrigeration cycle apparatus in the fifth embodi-
ment. Points a to k in Fig. 11 correspond to states of the
refrigerant at points a to k in Fig. 10, respectively.
[0066] InFig. 10, the refrigerant discharged from com-
pressor 1 (point a) flows in order of first heat exchanger 2
and branch portion 7 (point b). Of the refrigerant
branched at branch portion 7, one branched part runs
toward high-pressure side second flow path 6b of third
heat exchanger 6 (point c), and the other branched part
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flows into second decompressing apparatus 9 (point i).
The refrigerant having passed through high-pressure
side second flow path 6b of third heat exchanger 6 (point
d) flows in order of first decompressing apparatus 3 (point
e), second heat exchanger 4 (point f), accumulator 5
(point g), and merge portion 83. The refrigerant having
passed through second decompressing apparatus 9
(point j) flows in order of low-pressure side first flow path
6a of third heat exchanger 6 (point k) and merge portion
83. The refrigerant merged at merge portion 83 (point h)
is suctioned from a suction port of compressor 1.
[0067] The refrigerant flows as described above, and
heat exchange is performed between the refrigerant
flowing through low-pressure side first flow path 6a
and the refrigerant flowing through high-pressure side
second flow path 6b of third heat exchanger 6.

[0068] Thus, in the fifth embodiment, the refrigerant
decompressed after having been branched into branch
flow path F3 is caused to exchange heat with the refrig-
erant running from an outlet part of first heat exchanger 2
toward first decompressing apparatus 3, and then merge
between compressor 1 and accumulator 5. Thereby, the
following effects are obtained.

(1) Under the condition where the temperature of the
refrigerantdischarged from compressor 1 increases,
the temperature of the discharged refrigerant can be
suppressed.

(2) By reducing the flow rate of the refrigerant in low-
pressure side second heat exchanger 4, pressure
loss can be reduced, and the performance of the
refrigeration cycle apparatus can be improved.

(3) By decreasing the degree of dryness of the re-
frigerant at the inlet of low-pressure side second heat
exchanger 4, distribution performance can be im-
proved, and heat transfer performance can be im-
proved.

(Conclusion)

[0069] Finally, the present embodiment will be sum-
marized with reference to the drawings again.

[0070] As shown in Fig. 1 and the like, the present
disclosure relates to refrigeration cycle apparatus 100.
Refrigeration cycle apparatus 100 includes: refrigerant
circuit C1including compressor 1, first heat exchanger 2,
first decompressing apparatus 3, second heat exchanger
4, and accumulator 5; and heating unit H1. In refrigerant
circuit C1, refrigerant circulates in order of compressor 1,
first heat exchanger 2, first decompressing apparatus 3,
second heat exchanger 4, and accumulator 5. Heating
unit H1 is configured to heat the refrigerant that returns
from accumulator 5 to compressor 1, using the refrigerant
that has passed through first heat exchanger 2.

[0071] Preferably, heating unit H1 includes third heat
exchanger 6 configured to perform heat exchange be-
tween the refrigerant running toward first decompressing
apparatus 3 after having passed through first heat ex-
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changer 2 and the refrigerant running toward compressor
1 after having passed through accumulator 5.

[0072] Preferably, as shown in Fig. 4 or Fig. 6, refrig-
eration cycle apparatus 200 or 300 further includes
branch flow path F1 or F2 configured to branch from
branch portion 7 in a flow path running toward first de-
compressing apparatus 3 after having passed through
first heat exchanger 2, and merge into refrigerant circuit
C1 atmerge portion 8 or 82 downstream of branch portion
7 of refrigerant circuit C1, in refrigerant circuit C1. Heating
unitH2 or H3 includes second decompressing apparatus
9 configured to decompress the refrigerant flowing
through branch flow path F1 or F2, and third heat ex-
changer 6 configured to perform heat exchange between
the refrigerant flowing through branch flow path F1 or F2
and running from branch portion 7 toward second decom-
pressing apparatus 9 and the refrigerant running toward
compressor 1 after having passed through accumulator 5
in refrigerant circuit C1.

[0073] More preferably, as shown in Fig. 4, merge
portion 8 is arranged in a flow path running from second
heat exchanger 4 toward accumulator 5 in refrigerant
circuit C1.

[0074] More preferably, as shown in Fig. 6, merge
portion 82 is arranged in a flow path running from first
decompressing apparatus 3 toward second heat exchan-
ger 4 in refrigerant circuit C 1.

[0075] More preferably, as shown in Fig. 8, second
decompressing apparatus 9 is an expansion valve con-
figured to have a variable opening degree. Refrigeration
cycle apparatus 400 further includes sensor 50 arranged
on a suction side or a discharge side of compressor 1 and
configured to sense a state of the refrigerant to be suc-
tioned into compressor 1, and controller 60 configured to
control the opening degree of second decompressing
apparatus 9 in accordance with an output of sensor 50. It
should be noted that, since the temperature of the re-
frigerant to be suctioned into compressor 1 and the
temperature of the refrigerant discharged from the com-
pressor have a certain relation, sensor 50 is arranged on
the discharge side of the compressor as shown in Fig. 8 in
the present embodiment. However, the sensor may be
arranged on the suction side of compressor 1.

[0076] Preferably, as shown in Fig. 10, refrigeration
cycle apparatus 500 further includes branch flow path
F3 configured to branch from branch portion 7 on a flow
path running toward first decompressing apparatus 3
after having passed through first heat exchanger 2,
and merge into refrigerant circuit C1 at merge portion
83 on a flow path running toward compressor 1 after
having passed through accumulator 5, in refrigerant cir-
cuit C1. Heating unit H4 includes second decompressing
apparatus 9 configured to decompress the refrigerant
flowing through branch flow path F3, and third heat ex-
changer 6 configured to perform heat exchange between
the refrigerant flowing through branch flow path F3 and
running from second decompressing apparatus 9 toward
merge portion 83 and the refrigerant running from branch



13 EP 4 455 576 A1 14

portion 7 toward first decompressing apparatus 3 in re-
frigerant circuit C1. In this case, heating unit H4 heats the
refrigerant to be suctioned by compressor 1, by causing
the heated refrigerant to merge at the merge portion.
[0077] It should be understood that the embodiments
disclosed herein are illustrative and non-restrictive in
every respect. The scope of the present disclosure is
defined by the scope of the claims, rather than the de-
scription of the embodiments described above, and is
intended to include any modifications within the scope
and meaning equivalent to the scope of the claims.

REFERENCE SIGNS LIST

[0078] 1: compressor; 2: first heat exchanger; 3: first
decompressing apparatus; 4: second heat exchanger; 5:
accumulator; 6: third heat exchanger; 6a: first flow path;
6b: second flow path; 7: branch portion; 10: four-way
valve; 8, 82, 83: merge portion; 9: second decompressing
apparatus; 50: sensor; 60: controller; 61: CPU; 62: mem-
ory; 100, 200, 300, 400, 500: refrigeration cycle appara-
tus; C1: refrigerant circuit; F1, F2, F3: flow path.

Claims
1. Arefrigeration cycle apparatus, comprising:

a refrigerant circuit including a compressor, a
first heat exchanger, a first decompressing ap-
paratus, a second heat exchanger, and an ac-
cumulator; and

a heating unit, wherein

in the refrigerant circuit, refrigerant circulates in
order of the compressor, the first heat exchan-
ger, the first decompressing apparatus, the sec-
ond heat exchanger, and the accumulator, and
the heating unit is configured to heat the refrig-
erant that returns from the accumulator to the
compressor, using the refrigerant that has
passed through the first heat exchanger.

2. Therefrigeration cycle apparatus according to claim
1, wherein the heating unit includes a third heat
exchanger configured to perform heat exchange
between the refrigerant running toward the first de-
compressing apparatus after having passed through
the first heat exchanger and the refrigerant running
toward the compressor after having passed through
the accumulator.

3. Therefrigeration cycle apparatus according to claim
1, further comprising a branch flow path configured
to branch from a branch portionin a flow path running
toward the first decompressing apparatus after hav-
ing passed through the first heat exchanger, and
merge into the refrigerant circuit at a merge portion
downstream of the branch portion, in the refrigerant
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circuit, wherein
the heating unit includes

a second decompressing apparatus configured
to decompress the refrigerant flowing through
the branch flow path, and

a third heat exchanger configured to perform
heat exchange between the refrigerant flowing
through the branch flow path and running from
the branch portion toward the second decom-
pressing apparatus and the refrigerant running
toward the compressor after having passed
through the accumulator in the refrigerant cir-
cuit.

The refrigeration cycle apparatus according to claim
3, wherein the merge portion is arranged in a flow
path running from the second heat exchanger toward
the accumulator in the refrigerant circuit.

The refrigeration cycle apparatus according to claim
3, wherein the merge portion is arranged in a flow
path running from the first decompressing apparatus
toward the second heat exchanger in the refrigerant
circuit.

The refrigeration cycle apparatus according to any
one of claims 3 to 5, wherein

the second decompressing apparatus is an ex-
pansion valve configured to have a variable
opening degree, and

the refrigeration cycle apparatus further com-
prises

a sensor arranged on a suction side or a
discharge side of the compressor and con-
figured to sense a state of the refrigerant,
and

a controller configured to control the open-
ing degree of the second decompressing
apparatus in accordance with an output of
the sensor.

The refrigeration cycle apparatus according to claim
1, further comprising a branch flow path configured
to branch from a branch portion on a flow path run-
ning toward the first decompressing apparatus after
having passed through the first heat exchanger, and
merge into the refrigerant circuit at a merge portion
on a flow path running toward the compressor after
having passed through the accumulator, in the re-
frigerant circuit, wherein

the heating unit includes

a second decompressing apparatus configured
to decompress the refrigerant flowing through
the branch flow path, and
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a third heat exchanger configured to perform
heat exchange between the refrigerant flowing
through the branch flow path and running from
the second decompressing apparatus toward
the merge portion and the refrigerant running
from the branch portion toward the first decom-
pressing apparatus in the refrigerant circuit.
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