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(54) REFRIGERATION CYCLE DEVICE

(57) In a refrigeration cycle apparatus (100), refrig-
erant circulates through a compressor (1), a first heat
exchanger (2), a first expansion valve (3), a refrigerant
container (4), a second expansion valve (5) and a second
heat exchanger (6) in this order. The refrigeration cycle
apparatus (100) includes: a third expansion valve (8);
and a specific flow path (71). The specific flow path (71)
allows the third expansion valve (8) to communicate with
the refrigerant container (4). The third expansion valve
(8) communicates with a suction port of the compressor
(1) through the refrigerant container (4). An amount per
unit time of the refrigerant passing through the specific
flow path (71) when a specific condition is satisfied is
larger than the amount per unit time of the refrigerant
passing through the specific flow path (71) when the spe-
cific condition is not satisfied. The specific condition is a
condition that an amount of the refrigerant in the refrig-
erant container (4) is smaller than a reference amount.



EP 3 809 064 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present invention relates to a refrigeration
cycle apparatus.

BACKGROUND ART

[0002] A refrigeration cycle apparatus in which refrig-
erant stored in a refrigerant container is bypassed to a
suction port of a compressor has been conventionally
known. For example, Japanese Patent No. 5865561
(PTL 1) discloses a refrigeration cycle apparatus includ-
ing a bypass circuit that guides at least a part of liquid
refrigerant stored in a refrigerant container to the suction
side of a compressor through an expansion valve and a
refrigerant heat exchanger. By bypassing a part of the
refrigerant stored in the refrigerant container, a flow rate
of the refrigerant flowing through the low pressure side
decreases, and thus, a pressure loss on the low pressure
side can be suppressed and the efficiency of the refrig-
eration cycle apparatus can be improved.

CITATION LIST

PATENT LITERATURE

[0003] PTL 1: Japanese Patent No. 5865561

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0004] In the refrigeration cycle apparatus disclosed in
PTL 1, when an amount of the refrigerant in the refrigerant
container decreases and the refrigerant in a gas-liquid
two-phase state (wet vapor) flows out of the refrigerant
container, a pressure on the low pressure side of the
refrigeration cycle apparatus may decrease, which may
lead to a reduction in efficiency of the refrigeration cycle
apparatus. When the amount of the refrigerant in the re-
frigerant container increases and a degree of dryness
(ratio of the gas refrigerant to the refrigerant) of the re-
frigerant around the refrigerant heat exchanger decreas-
es, the heat transfer performance (heat exchange effi-
ciency) of the refrigerant heat exchanger may decrease,
which may lead to a reduction in efficiency of the refrig-
eration cycle apparatus. However, the refrigeration cycle
apparatus disclosed in PTL 1 does not take into consid-
eration the fact that the efficiency of the refrigeration cycle
apparatus is reduced depending on the amount of the
refrigerant in the refrigerant container.
[0005] The present invention has been made to solve
the above-described problem, and an object of the
present invention is to suppress a reduction in efficiency
of a refrigeration cycle apparatus.

SOLUTION TO PROBLEM

[0006] In a refrigeration cycle apparatus according to
an aspect of the present invention, refrigerant circulates
through a compressor, a first heat exchanger, a first ex-
pansion valve, a refrigerant container, a second expan-
sion valve and a second heat exchanger in this order.
The refrigeration cycle apparatus includes: a third expan-
sion valve; and a specific flow path. The specific flow
path allows the third expansion valve to communicate
with the refrigerant container. The third expansion valve
communicates with a suction port of the compressor
through the refrigerant container. An amount per unit time
of the refrigerant passing through the specific flow path
when a specific condition is satisfied is larger than the
amount per unit time of the refrigerant passing through
the specific flow path when the specific condition is not
satisfied. The specific condition is a condition that an
amount of the refrigerant in the refrigerant container is
smaller than a reference amount.
[0007] In a refrigeration cycle apparatus according to
another aspect of the present invention, refrigerant cir-
culates through a compressor, a first heat exchanger, a
first expansion valve, a refrigerant container, a second
expansion valve and a second heat exchanger in this
order. The refrigeration cycle apparatus includes: a third
expansion valve; a specific flow path; and a third heat
exchanger. The specific flow path allows the third expan-
sion valve to communicate with the refrigerant container.
The third heat exchanger is connected between the third
expansion valve and a suction port of the compressor.
The third heat exchanger is arranged in the refrigerant
container. When a specific condition is satisfied, an
amount of the refrigerant flowing into the refrigerant con-
tainer is smaller than an amount of the refrigerant flowing
out of the refrigerant container. The specific condition is
a condition that an amount of the refrigerant in the refrig-
erant container is larger than a reference amount. Heat
exchange efficiency of the third heat exchanger when
the specific condition is satisfied is lower than the heat
exchange efficiency when the amount of the refrigerant
in the refrigerant container is the reference amount.

ADVANTAGEOUS EFFECTS OF INVENTION

[0008] In the refrigeration cycle apparatus according
to an aspect of the present invention, the specific condi-
tion is a condition that the amount of the refrigerant in
the refrigerant container is smaller than the reference
amount, and the amount per unit time of the refrigerant
passing through the specific flow path when the specific
condition is satisfied is larger than the amount per unit
time of the refrigerant passing through the specific flow
path when the specific condition is not satisfied. Thus, a
reduction in efficiency of the refrigeration cycle apparatus
can be suppressed.
[0009] In the refrigeration cycle apparatus according
to another aspect of the present invention, the specific
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condition is a condition that the amount of the refrigerant
in the refrigerant container is larger than the reference
amount, and the heat exchange efficiency of the third
heat exchanger when the specific condition is satisfied
is lower than the heat exchange efficiency when the
amount of the refrigerant in the refrigerant container is
the reference amount, and when the specific condition
is satisfied, the amount of the refrigerant flowing into the
refrigerant container is smaller than the amount of the
refrigerant flowing out of the refrigerant container. Thus,
a reduction in efficiency of the refrigeration cycle appa-
ratus can be suppressed.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

Fig. 1 is a functional block diagram showing a con-
figuration of a refrigeration cycle apparatus accord-
ing to a first embodiment.
Fig. 2 shows a process flow of expansion valve con-
trol performed by a controller in Fig. 1.
Fig. 3 is a flowchart showing a specific process flow
of an amount-of-refrigerant adjustment process in
Fig. 2.
Fig. 4 is a functional block diagram showing a con-
figuration of a refrigeration cycle apparatus accord-
ing to a second embodiment.
Fig. 5 is a flowchart showing a flow of an amount-of-
refrigerant adjustment process performed by a con-
troller in Fig. 4.
Fig. 6 shows an example configuration of an on/off
unit in Fig. 4.
Fig. 7 shows another example configuration of the
on/off unit in Fig. 4.
Fig. 8 is a functional block diagram showing a con-
figuration of a refrigeration cycle apparatus accord-
ing to a third embodiment.
Fig. 9 is a flowchart showing a flow of an amount-of-
refrigerant adjustment process performed by a con-
troller in Fig. 8.
Fig. 10 is a functional block diagram showing a con-
figuration of a refrigeration cycle apparatus accord-
ing to a fourth embodiment.
Fig. 11 is a graph showing a relationship between a
height of a liquid level of liquid refrigerant stored in
a refrigerant container and the heat exchange effi-
ciency of an internal heat exchanger.
Fig. 12 is a flowchart showing a flow of an amount-
of-refrigerant adjustment process performed by a
controller in Fig. 10.
Fig. 13 is a functional block diagram showing a con-
figuration of a refrigeration cycle apparatus accord-
ing to a fifth embodiment.
Fig. 14 is a flowchart showing a flow of an amount-
of-refrigerant adjustment process performed by a
controller in Fig. 13.

DESCRIPTION OF EMBODIMENTS

[0011] Embodiments of the present invention will be
described in detail hereinafter with reference to the draw-
ings, in which the same or corresponding portions are
denoted by the same reference characters and descrip-
tion thereof will not be repeated in principle.

First Embodiment

[0012] Fig. 1 is a functional block diagram showing a
configuration of a refrigeration cycle apparatus 100 ac-
cording to a first embodiment. As shown in Fig. 1, refrig-
eration cycle apparatus 100 includes a compressor 1, a
condenser 2 (first heat exchanger), an expansion valve
3 (first expansion valve), a refrigerant container 4, an
expansion valve 5 (second expansion valve), an evapo-
rator 6 (second heat exchanger), a pipe 71 (specific flow
path), an expansion valve 8 (third expansion valve), an
internal heat exchanger 9 (third heat exchanger), and a
controller 10. In refrigeration cycle apparatus 100, refrig-
erant circulates through compressor 1, condenser 2, ex-
pansion valve 3, refrigerant container 4, expansion valve
5, and evaporator 6 in this order.
[0013] Refrigerant container 4 receives the refrigerant
from expansion valve 3 and stores the liquid refrigerant
in a bottom portion thereof. Pipe 71 allows expansion
valve 8 to communicate with refrigerant container 4. In-
ternal heat exchanger 9 is connected between expansion
valve 8 and a suction port of compressor 1, and is ar-
ranged in refrigerant container 4.
[0014] Controller 10 controls a driving frequency of
compressor 1, thereby controlling an amount of the re-
frigerant discharged per unit time by compressor 1. Con-
troller 10 adjusts degrees of opening of expansion valves
3, 5 and 8.
[0015] Fig. 2 shows a process flow of expansion valve
control performed by controller 10 in Fig. 1. The process
shown in Fig. 2 is invoked by a not-shown main routine
that performs integrated control of refrigeration cycle ap-
paratus 100. In the following description, the steps will
be simply described as "S".
[0016] As shown in Fig. 2, in S100, controller 10 per-
forms normal control on expansion valves 3, 5 and 8 and
the process proceeds to S200. The normal control in-
cludes, for example, degree-of-superheat control for
maintaining a degree of superheat of the refrigerant flow-
ing out of evaporator 6 within a certain range. In S200,
controller 10 performs an amount-of-refrigerant adjust-
ment process for adjusting an amount of the refrigerant
in refrigerant container 4, and then, returns the process
to the main routine.
[0017] In refrigeration cycle apparatus 100, when the
amount of the refrigerant in refrigerant container 4 de-
creases and wet vapor flows out of refrigerant container
4, the amount of the refrigerant on the low pressure side
(portion from expansion valve 5 to the suction port of
compressor 1) decreases, and thus, a pressure on the
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low pressure side of refrigeration cycle apparatus 100
decreases. Therefore, a difference between a pressure
on the high pressure side (portion from a discharge port
of compressor 1 to expansion valve 3) of refrigeration
cycle apparatus 100 and the pressure on the low pres-
sure side of refrigeration cycle apparatus 100 becomes
large, which may lead to a reduction in efficiency of re-
frigeration cycle apparatus 100.
[0018] When the degree of opening of expansion valve
5 is increased in order to increase the amount of the
refrigerant on the low pressure side by increasing the
amount of the refrigerant (amount of the circulating re-
frigerant) circulating through refrigeration cycle appara-
tus 100, an amount per unit time of the refrigerant flowing
from refrigerant container 4 to expansion valve 5 cannot
be increased by controlling the degree of opening of ex-
pansion valve 5, after the degree of opening enters a full
open state. In such a case, a reduction in efficiency of
refrigeration cycle apparatus 100 cannot be suppressed
by controlling the degree of opening of expansion valve
5. In addition, when the degree of opening of expansion
valve 5 is in the full open state, the amount of the refrig-
erant flowing out of refrigerant container 4 can hardly be
increased, and thus, a decrease in amount of the refrig-
erant in refrigerant container 4 is almost at a standstill.
[0019] Accordingly, in refrigeration cycle apparatus
100, when the amount of the refrigerant in refrigerant
container 4 is smaller than a reference amount, the de-
gree of opening of expansion valve 8 is increased to
thereby increase an amount per unit time of the refriger-
ant passing through pipe 71. Since an amount of the re-
frigerant flowing from refrigerant container 4 to expansion
valve 8 increases, this amount of the refrigerant is added
to an amount of the refrigerant taken into compressor 1.
As a result, the amount of the circulating refrigerant in-
creases and a reduction in efficiency of refrigeration cycle
apparatus 100 can be suppressed. In refrigeration cycle
apparatus 100, whether or not a condition (specific con-
dition) that the amount of the refrigerant in refrigerant
container 4 is smaller than the reference amount is sat-
isfied is determined based on whether or not a condition
that the degree of opening of expansion valve 5 is not
smaller than a reference degree of opening (e.g., full
open) is satisfied.
[0020] Fig. 3 is a flowchart showing a specific process
flow of the amount-of-refrigerant adjustment process
(S200) in Fig. 2. As shown in Fig. 3, in S211, controller
10 determines whether or not the degree of opening of
expansion valve 5 is not smaller than the reference de-
gree of opening. When the degree of opening of expan-
sion valve 5 is not smaller than the reference degree of
opening (YES in S211), controller 10 increases the de-
gree of opening of expansion valve 8 by a certain amount
and returns the process to the main routine in S212.
When the degree of opening of expansion valve 5 is
smaller than the reference degree of opening (NO in
S211), controller 10 returns the process to the main rou-
tine.

[0021] As described above, in the refrigeration cycle
apparatus according to the first embodiment, a reduction
in efficiency of the refrigeration cycle apparatus can be
suppressed.

Second Embodiment

[0022] In the first embodiment, description has been
given of the configuration in which the amount per unit
time of the refrigerant passing through the specific flow
path is increased by increasing the degree of opening of
the third expansion valve. In a second embodiment, de-
scription will be given of a configuration in which the
amount per unit time of the refrigerant passing through
the specific flow path is increased by bypassing the re-
frigerant from the specific flow path to the suction port of
the compressor.
[0023] Fig. 4 is a functional block diagram showing a
configuration of a refrigeration cycle apparatus 200 ac-
cording to the second embodiment. The configuration of
refrigeration cycle apparatus 200 in Fig. 4 is different from
the configuration of refrigeration cycle apparatus 100 in
Fig. 1 in that an on/off unit 80 is added and controller 10
is replaced with a controller 20. Since the remaining con-
figuration is the same, description will not be repeated.
In the second embodiment, Figs. 1 and 3 in the first em-
bodiment are replaced with Figs. 4 and 5, respectively.
[0024] As shown in Fig. 4, on/off unit 80 is connected
between pipe 71 and the suction port of compressor 1.
Controller 20 switches between opening and closing of
on/off unit 80. When on/off unit 80 is open, the refrigerant
flowing into pipe 71 is bypassed to the suction port of
compressor 1 through on/off unit 80.
[0025] In refrigeration cycle apparatus 200, it is unnec-
essary to increase the amount per unit time of the refrig-
erant passing through pipe 71 by increasing a diameter
of expansion valve 8, and thus, expansion valve 8 can
be reduced in size. The reduction in size of expansion
valve 8 makes it possible to control the degree of opening
of expansion valve 8 in accordance with a relatively low
resolution, and thus, the controllability of expansion valve
8 can be improved.
[0026] Fig. 5 is a flowchart showing a flow of an
amount-of-refrigerant adjustment process performed by
controller 20 in Fig. 4. As shown in Fig. 5, in S221, con-
troller 20 determines whether or not the degree of open-
ing of expansion valve 5 is not smaller than the reference
degree of opening. When the degree of opening of ex-
pansion valve 5 is not smaller than the reference degree
of opening (YES in S221), controller 20 opens on/off unit
80 and returns the process to the main routine in S222.
When the degree of opening of expansion valve 5 is
smaller than the reference degree of opening (NO in
S221), controller 20 closes on/off unit 80 and returns the
process to the main routine in S223.
[0027] Fig. 6 shows an example configuration of on/off
unit 80 in Fig. 4. As shown in Fig. 6, on/off unit 80 includes
an on-off valve 81. On-off valve 81 is connected between
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pipe 71 and the suction port of compressor 1. When on/off
unit 80 is configured as shown in Fig. 6, controller 20
opens on-off valve 81 in S222 in Fig. 5, and closes on-
off valve 81 in S223 in Fig. 5.
[0028] Fig. 7 shows another example configuration of
on/off unit 80 in Fig. 4. As shown in Fig. 7, on/off unit 80
includes a three-way valve 82. Three-way valve 82 in-
cludes ports P1 to P3 that communicate with one another.
Port P1 communicates with expansion valve 8. Port P2
communicates with refrigerant container 4. Port P3 com-
municates with the suction port of compressor 1. Ports
P1 and P2 are opened. Port P3 is switched between
opening and closing. When on/off unit 80 is configured
as shown in Fig. 7, controller 20 opens port P3 in S222
in Fig. 5, and closes port P3 in S223 in Fig. 5.
[0029] As described above, in the refrigeration cycle
apparatus according to the second embodiment, a re-
duction in efficiency of the refrigeration cycle apparatus
can be suppressed. In addition, the controllability of the
third expansion valve can be improved.

Third Embodiment

[0030] In the first and second embodiments, descrip-
tion has been given of the configuration in which a re-
duction in efficiency of the refrigeration cycle apparatus
caused by a decrease in amount of the refrigerant in the
refrigerant container and a corresponding outflow of wet
vapor from the refrigerant container is suppressed. In a
third embodiment, description will be given of a configu-
ration in which a reduction in efficiency of the refrigeration
cycle apparatus caused by an increase in amount of the
refrigerant in the refrigerant container and a correspond-
ing reduction in heat exchange efficiency of the third heat
exchanger is suppressed.
[0031] Fig. 8 is a functional block diagram showing a
configuration of a refrigeration cycle apparatus 300 ac-
cording to the third embodiment. The configuration of re-
frigeration cycle apparatus 300 is different from the con-
figuration of refrigeration cycle apparatus 100 in Fig. 1 in
that a pressure sensor 91 is added and controller 10 is
replaced with a controller 30. Since the remaining con-
figuration is the same, description will not be repeated.
In the third embodiment, Figs. 1 and 3 in the first embod-
iment are replaced with Figs. 8 and 9, respectively.
[0032] As shown in Fig. 8, pressure sensor 91 detects
a pressure (condensation pressure) of the refrigerant in
condenser 2 and outputs a detection signal indicating the
condensation pressure to controller 30. Using the detec-
tion signal from pressure sensor 91, controller 30 controls
the degree of opening of expansion valve 3 and adjusts
the amount of the refrigerant in refrigerant container 4.
[0033] As the amount of the refrigerant in refrigerant
container 4 increases, a liquid level of the liquid refriger-
ant stored in refrigerant container 4 becomes higher.
When a degree of dryness around internal heat exchang-
er 9 decreases, internal heat exchanger 9 is immersed
in the liquid refrigerant and the heat exchange efficiency

of internal heat exchanger 9 is reduced. As a result, the
efficiency of refrigeration cycle apparatus 300 may be
reduced. In order to suppress the reduction in heat ex-
change efficiency of internal heat exchanger 9, it is nec-
essary to adjust the amount of the refrigerant in refriger-
ant container 4.
[0034] When the amount of the refrigerant in refriger-
ation cycle apparatus 300 is constant, a distribution of
the refrigerant in refrigeration cycle apparatus 300 is con-
centrated on the low pressure side as an amount of the
refrigerant in condenser 2 becomes smaller, and thus,
the amount of the refrigerant in refrigerant container 4
becomes larger. In addition, as the amount of the refrig-
erant in condenser 2 becomes smaller, the condensation
pressure becomes lower. Therefore, as the condensa-
tion pressure becomes lower, the amount of the refrig-
erant in refrigerant container 4 becomes larger.
[0035] Accordingly, in refrigeration cycle apparatus
300, when the amount of the refrigerant in refrigerant
container 4 is larger than the reference amount, and the
liquid level rises and the heat exchange efficiency of in-
ternal heat exchanger 9 is lower than a desired level, the
degree of opening of expansion valve 8 is decreased by
a certain amount. Since an amount per unit time of the
refrigerant flowing from expansion valve 3 to refrigerant
container 4 decreases and a height of the liquid level of
the liquid refrigerant stored in refrigerant container 4 be-
comes lower, a reduction in heat exchange efficiency of
internal heat exchanger 9 can be suppressed. As a result,
a reduction in efficiency of refrigeration cycle apparatus
300 can be suppressed. In addition, the suppression of
the reduction in heat exchange efficiency can lead to a
reduction in size of internal heat exchanger 9, and thus,
refrigeration cycle apparatus 300 can be reduced in size.
In refrigeration cycle apparatus 300, whether or not a
condition (specific condition) that the amount of the re-
frigerant in refrigerant container 4 is larger than the ref-
erence amount is satisfied is determined based on
whether or not a condition that the condensation pressure
is lower than a reference pressure is satisfied.
[0036] Fig. 9 is a flowchart showing a flow of an
amount-of-refrigerant adjustment process performed by
controller 30 in Fig. 8. As shown in Fig. 9, in S231, con-
troller 30 determines whether or not the condensation
pressure is lower than the reference pressure. When the
condensation pressure is lower than the reference pres-
sure (YES in S231), controller 30 decreases the degree
of opening of expansion valve 3 by a certain amount and
returns the process to the main routine in S232. When
the condensation pressure is not lower than the reference
pressure (NO in S231), controller 30 increases the de-
gree of opening of expansion valve 3 by a certain amount
and returns the process to the main routine in S233.
[0037] As described above, in the refrigeration cycle
apparatus according to the third embodiment, when the
amount of the refrigerant in the refrigerant container in-
creases and the heat exchange efficiency of the third
heat exchanger is lower than a desired level, a reduction
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in efficiency of the refrigeration cycle apparatus can be
suppressed. In addition, in the refrigeration cycle appa-
ratus according to the third embodiment, the refrigeration
cycle apparatus can be reduced in size.

Fourth Embodiment

[0038] In the first and second embodiments, descrip-
tion has been given of the case of using the degree of
opening of the second expansion valve as an indicator
indicating the amount of the refrigerant in refrigerant con-
tainer 4. In the third embodiment, description has been
given of the case of using the condensation pressure as
an indicator indicating the amount of the refrigerant in
refrigerant container 4. In a fourth embodiment, descrip-
tion will be given of the case of using the height of the
liquid level of the liquid refrigerant in refrigerant container
4 as an indicator indicating the amount of the refrigerant
in refrigerant container 4.
[0039] Fig. 10 is a functional block diagram showing a
configuration of a refrigeration cycle apparatus 400 ac-
cording to the fourth embodiment. The configuration of
refrigeration cycle apparatus 400 is different from the
configuration of refrigeration cycle apparatus 100 in Fig.
1 in that a liquid level sensor 92 is added and controller
10 is replaced with a controller 40. Since the remaining
configuration is the same, description will not be repeat-
ed. In the fourth embodiment, Figs. 1 and 3 in the first
embodiment are replaced with Figs. 10 and 12, respec-
tively.
[0040] As shown in Fig. 10, liquid level sensor 92 de-
tects a height of a liquid level of the liquid refrigerant in
refrigerant container 4 and outputs a detection signal in-
dicating the liquid level height to controller 40. Using the
detection signal from liquid level sensor 92, controller 30
controls the degree of opening of expansion valve 8 and
adjusts the amount of the refrigerant in refrigerant con-
tainer 4.
[0041] Fig. 11 is a graph showing a relationship be-
tween the liquid level height of the liquid refrigerant stored
in refrigerant container 4 and the heat exchange efficien-
cy of internal heat exchanger 9. In Fig. 11, a liquid level
height H1 represents a maximum value of a liquid level
height that can maintain a difference between a pressure
on the high pressure side and a pressure on the low pres-
sure side at an appropriate level, and represents a liquid
level height when the condensation pressure is higher
than the reference pressure, for example. A liquid level
height H2 is lower than liquid level height HI, and repre-
sents a liquid level height when the heat exchange effi-
ciency of internal heat exchanger 9 is maximized.
[0042] As shown in Fig. 11, as the height of the liquid
level of the liquid refrigerant stored in refrigerant contain-
er 4 becomes higher, an end of pipe 71 in refrigerant
container 4 comes closer to the liquid level and the de-
gree of dryness of the refrigerant flowing into pipe 71
decreases. The liquid refrigerant flows into pipe 71, and
the heat exchange efficiency of internal heat exchanger

9 becomes higher as compared with the case in which
the wet vapor flows into pipe 71. However, when the
height of the liquid level in refrigerant container 4 further
increases and the degree of dryness of the refrigerant
around internal heat exchanger 9 further decreases, in-
ternal heat exchanger 9 is immersed in the liquid refrig-
erant and the heat exchange efficiency of internal heat
exchanger 9 is reduced.
[0043] Accordingly, in refrigeration cycle apparatus
400, a reduction in heat exchange efficiency of internal
heat exchanger 9 is suppressed by controlling the degree
of opening of expansion valve 8 to suppress a deviation
of the liquid level height of the liquid refrigerant stored in
refrigerant container 4 from the range of H2 to H1. As a
result, a reduction in efficiency of refrigeration cycle ap-
paratus 400 can be suppressed. In addition, the suppres-
sion of the reduction in heat exchange efficiency can lead
to a reduction in size of internal heat exchanger 9, and
thus, refrigeration cycle apparatus 400 can be reduced
in size. Furthermore, a change in liquid level height of
the liquid refrigerant stored in refrigerant container 4 is
within the certain range, and thus, vibration of the liquid
refrigerant in refrigerant container 4 is suppressed and
noise of refrigeration cycle apparatus 400 is suppressed.
As a result, the user comfort can be improved.
[0044] Fig. 12 is a flowchart showing a flow of an
amount-of-refrigerant adjustment process performed by
controller 40 in Fig. 10. As shown in Fig. 12, in S241,
controller 40 determines whether or not the height of the
liquid level of the liquid refrigerant in refrigerant container
4 is not lower than reference height H1 (first reference
height). When the height of the liquid level of the liquid
refrigerant in refrigerant container 4 is not lower than ref-
erence height H1 (YES in S241), controller 40 increases
the degree of opening of expansion valve 8 by a certain
amount and returns the process to the main routine in
S242.
[0045] When the height of the liquid level of the liquid
refrigerant in refrigerant container 4 is lower than refer-
ence height H1 (NO in S241), controller 40 determines
whether or not the height of the liquid level of the liquid
refrigerant in refrigerant container 4 is not lower than ref-
erence height H2 (second reference height) in S243.
When the height of the liquid level of the liquid refrigerant
in refrigerant container 4 is not lower than reference
height H2 (YES in S243), controller 40 decreases the
degree of opening of expansion valve 8 by a certain
amount and returns the process to the main routine in
S244. When the height of the liquid level of the liquid
refrigerant in refrigerant container 4 is lower than refer-
ence height H2 (NO in S243), controller 40 increases the
degree of opening of expansion valve 8 by a certain
amount and returns the process to the main routine in
S245.
[0046] As described above, in the refrigeration cycle
apparatus according to the fourth embodiment, a reduc-
tion in efficiency of the refrigeration cycle apparatus can
be suppressed. In addition, in the refrigeration cycle ap-
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paratus according to the fourth embodiment, the refrig-
eration cycle apparatus can be reduced in size, and fur-
ther, noise can be suppressed and the user comfort can
be improved.

Fifth Embodiment

[0047] In the fourth embodiment, description has been
given of the configuration in which the amount per unit
time of the refrigerant passing through the specific flow
path is increased by increasing the degree of opening of
the third expansion valve. In a fifth embodiment, descrip-
tion will be given of a configuration in which the amount
per unit time of the refrigerant passing through the spe-
cific flow path is increased by bypassing the refrigerant
from the specific flow path to the suction port of the com-
pressor, in addition to increasing the degree of opening
of the third expansion valve.
[0048] Fig. 13 is a functional block diagram showing a
configuration of a refrigeration cycle apparatus 500 ac-
cording to the fifth embodiment. The configuration of re-
frigeration cycle apparatus 500 is different from the con-
figuration of refrigeration cycle apparatus 400 in Fig. 10
in that an on/off unit 80A is added and controller 40 is
replaced with a controller 50. Since the remaining con-
figuration is the same, description will not be repeated.
In the fifth embodiment, Figs. 10 and 12 in the fourth
embodiment are replaced with Figs. 13 and 14, respec-
tively.
[0049] As shown in Fig. 13, on/off unit 80A is connected
between pipe 71 and the suction port of compressor 1.
Controller 50 switches between opening and closing of
on/off unit 80A. A specific configuration of on/off unit 80A
is the same as that of on/off unit 80 in Fig. 6 or 7.
[0050] In refrigeration cycle apparatus 500, it is unnec-
essary to increase the amount per unit time of the refrig-
erant passing through pipe 71 by increasing a diameter
of expansion valve 8, and thus, expansion valve 8 can
be reduced in size. The reduction in size of expansion
valve 8 makes it possible to control the degree of opening
of expansion valve 8 in accordance with a relatively low
resolution, and thus, the controllability of expansion valve
8 can be improved.
[0051] Fig. 14 is a flowchart showing a flow of an
amount-of-refrigerant adjustment process performed by
controller 50 in Fig. 13. As shown in Fig. 14, in S251,
controller 50 determines whether or not the height of the
liquid level of the liquid refrigerant in refrigerant container
4 is not lower than reference height H1. When the height
of the liquid level of the liquid refrigerant in refrigerant
container 4 is not lower than reference height H1 (YES
in S251), controller 50 increases the degree of opening
of expansion valve 8 by a certain amount and the process
proceeds to S253 in S252. In S253, controller 50 closes
on/off unit 80A and returns the process to the main rou-
tine.
[0052] When the height of the liquid level of the liquid
refrigerant in refrigerant container 4 is lower than refer-

ence height H1 (NO in S251), controller 50 determines
whether or not the height of the liquid level of the liquid
refrigerant in refrigerant container 4 is not lower than ref-
erence height H2 in S254. When the height of the liquid
level of the liquid refrigerant in refrigerant container 4 is
not lower than reference height H2 (YES in S254), con-
troller 50 decreases the degree of opening of expansion
valve 8 by a certain amount and the process proceeds
to S256 in S255. In S256, controller 50 closes on/off unit
80A and returns the process to the main routine. When
the height of the liquid level of the liquid refrigerant in
refrigerant container 4 is lower than reference height H2
(NO in S254), controller 50 opens on/off unit 80A and
returns the process to the main routine in S257.
[0053] As described above, in the refrigeration cycle
apparatus according to the fifth embodiment, a reduction
in efficiency of the refrigeration cycle apparatus can be
suppressed. In addition, in the refrigeration cycle appa-
ratus according to the fifth embodiment, noise can be
suppressed and the user comfort can be improved, and
further, the controllability of the third expansion valve can
be improved.
[0054] It is intended that the embodiments disclosed
herein are to be carried out in any appropriate combina-
tion with no contradiction. It should be understood that
the embodiments disclosed herein are illustrative and
non-restrictive in every respect. The scope of the present
invention is defined by the terms of the claims, rather
than the description above, and is intended to include
any modifications within the scope and meaning equiv-
alent to the terms of the claims.

REFERENCE SIGNS LIST

[0055] 1 compressor; 2 condenser; 3, 5, 8 expansion
valve; 4 refrigerant container; 6 evaporator; 10, 20, 30,
40, 50 controller; 71 pipe; 80, 80A on/off unit; 81 on-off
valve; 82 three-way valve; 91 pressure sensor; 92 liquid
level sensor; 100, 200, 300, 400, 500 refrigeration cycle
apparatus; P1 to P3 port.

Claims

1. A refrigeration cycle apparatus in which refrigerant
circulates through a compressor, a first heat ex-
changer, a first expansion valve, a refrigerant con-
tainer, a second expansion valve and a second heat
exchanger in this order, the refrigeration cycle ap-
paratus comprising:

a third expansion valve; and
a specific flow path allowing the third expansion
valve to communicate with the refrigerant con-
tainer,
the third expansion valve communicating with a
suction port of the compressor through the re-
frigerant container,
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an amount per unit time of the refrigerant pass-
ing through the specific flow path when a specific
condition is satisfied being larger than the
amount per unit time of the refrigerant passing
through the specific flow path when the specific
condition is not satisfied,
the specific condition being a condition that an
amount of the refrigerant in the refrigerant con-
tainer is smaller than a reference amount.

2. The refrigeration cycle apparatus according to claim
1, wherein
the specific condition includes a condition that a de-
gree of opening of the second expansion valve is not
smaller than a reference degree of opening.

3. The refrigeration cycle apparatus according to claim
1, wherein
the specific condition includes a condition that a
height of a liquid level of the refrigerant in a liquid
state stored in the refrigerant container is lower than
a reference height.

4. The refrigeration cycle apparatus according to any
one of claims 1 to 3, wherein
a degree of opening of the third expansion valve
when the specific condition is satisfied is larger than
the degree of opening of the third expansion valve
when the specific condition is not satisfied.

5. The refrigeration cycle apparatus according to any
one of claims 1 to 3, further comprising an on/off unit
connected between the specific flow path and the
suction port, wherein
the on/off unit is opened when the specific condition
is satisfied, and the on/off unit is closed when the
specific condition is not satisfied.

6. The refrigeration cycle apparatus according to any
one of claims 1 to 5, further comprising a third heat
exchanger connected between the third expansion
valve and the suction port, and arranged in the re-
frigerant container.

7. A refrigeration cycle apparatus in which refrigerant
circulates through a compressor, a first heat ex-
changer, a first expansion valve, a refrigerant con-
tainer, a second expansion valve and a second heat
exchanger in this order, the refrigeration cycle ap-
paratus comprising:

a third expansion valve;
a specific flow path allowing the third expansion
valve to communicate with the refrigerant con-
tainer; and
a third heat exchanger connected between the
third expansion valve and a suction port of the
compressor, and arranged in the refrigerant

container,
when a specific condition is satisfied, an amount
of the refrigerant flowing into the refrigerant con-
tainer being smaller than an amount of the re-
frigerant flowing out of the refrigerant container,
the specific condition being a condition that an
amount of the refrigerant in the refrigerant con-
tainer is larger than a reference amount,
heat exchange efficiency of the third heat ex-
changer when the specific condition is satisfied
being lower than the heat exchange efficiency
when the amount of the refrigerant in the refrig-
erant container is the reference amount.

8. The refrigeration cycle apparatus according to claim
7, wherein
the specific condition includes a condition that a
pressure of the first heat exchanger is lower than a
reference pressure, and
a degree of opening of the first expansion valve when
the specific condition is satisfied is smaller than the
degree of opening of the first expansion valve when
the specific condition is not satisfied.

9. The refrigeration cycle apparatus according to claim
7, wherein
the specific condition includes a condition that a
height of a liquid level of the refrigerant in a liquid
state stored in the refrigerant container is higher than
a first reference height,
an amount per unit time of the refrigerant passing
through the specific flow path when the specific con-
dition is satisfied or when the height is lower than a
second reference height is larger than the amount
per unit time of the refrigerant passing through the
specific flow path when the height is higher than the
second reference height and lower than the first ref-
erence height, and
the second reference height is lower than the first
reference height.

10. The refrigeration cycle apparatus according to claim
9, wherein
a degree of opening of the third expansion valve
when the height is higher than the first reference
height or when the height is lower than the second
reference height is larger than the degree of opening
of the third expansion valve when the height is higher
than the second reference height and lower than the
first reference height.

11. The refrigeration cycle apparatus according to claim
9, further comprising an on/off unit connected be-
tween the specific flow path and the suction port,
wherein
a degree of opening of the third expansion valve
when the height is higher than the first reference
height is larger than the degree of opening of the
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third expansion valve when the height is higher than
the second reference height and lower than the first
reference height,
the on/off unit is opened when the height is lower
than the second reference height, and
the on/off unit is closed when the height is higher
than the second reference height and lower than the
first reference height.
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