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(54) REFRIGERANT CIRCUIT SYSTEM, CONTROL DEVICE AND CONTROL METHOD

(57) Arefrigerant circuit system includes a refrigerant
circuit thatincludes a compressor, a condenser, areceiv-
er tank, an expansion valve, an evaporator, an accumu-
lator, a bypass circuit connecting a gas-phase portion of
the receiver tank to the accumulator, and an open-
ing/closing valve controlling opening and closing of the
bypass circuit, and a control device that controls an op-
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eration of the refrigerant circuit, in which the control de-
vice performs a frost suppression operation of defrosting
the evaporator by circulating a refrigerant ejected from
the compressorin an order of the condenser, the receiver
tank, the bypass circuit, the accumulator, and the com-
pressor before pausing a internal heating operation in
the refrigerant circuit.
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Description
Technical Field

[0001] The present invention relates to a refrigerant
circuit system, a control device, and a control method.
[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2016-242476, filed on December 14, 2016, the
content of which is incorporated herein by reference.

Background Art

[0003] In the related art, a heating function of a trans-
portation refrigeration unitis generally realized according
to a hot water heating method using cooling water in a
vehicle engine. This method includes ariskin that trouble
with an engine cooling circuit directly influences traveling
of a vehicle. With the advancement of engines in terms
of high efficiency, engine exhaust heat has been re-
duced, and thus it is difficult to obtain sufficient heating
performance by using engine cooling water. Under these
circumstances, a transportation refrigeration unit which
can efficiently perform heating by using a heat pump has
been proposed (for example, PTL 1).

[0004] However,in acase of a heating operation using
the heat pump, the greatest technical problem is deteri-
oration in heating performance due to the accumulation
of frost on a heat exchanger. Regarding such a problem,
PTL 2 discloses a technique in which a defrost operation
is performed by circulating a refrigerant among a plurality
of provided external heat exchangers without using an
internal heat exchanger during the defrost operation for
the external heat exchangers.

[0005] PTL 3discloses an air conditioner provided with
a refrigerant circuit which includes a compressor, an in-
door heatexchanger, afirst flow control valve, an outdoor
heatexchanger, and afour-way valve, in which theindoor
heat exchanger is divided into a plurality of portions, a
second flow control valve is provided therebetween, a
gas-liquid separation container is provided between the
first flow control valve and the indoor heat exchanger or
the outdoor heat exchanger, and a third flow control valve
is provided on a gas bypass circuit which is connected
to an intake side of the compressor from the gas-liquid
separation container. PTL 3 discloses that, according to
the action, during a defrost operation for the outdoor heat
exchanger, an operation mode is performed in which the
four-way valve is switched to a refrigeration circuit, and
the first flow control valve and the third flow control valve
are fully opened, and thus the defrost operation is per-
formed without a refrigerant flowing into an indoor unit.

[0006] When the techniques disclosed in PTLs 2 and
3 are used, a refrigerant does not flow into the internal
(indoor) heat exchanger during the defrost operation, and
thus it is possible to reduce the influence on an internal
(indoor) temperature due to the defrost operation.
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Citation List
Patent Literature
[0007]

[PTL 1] Japanese Patent No. 5535510

[PTL 2] Japanese Unexamined Patent Application,
First Publication No. 2016-151410

[PTL 3] Japanese Unexamined Patent Application,
First Publication No. 2007-85730

Summary of Invention
Technical Problem

[0008] However, the refrigerantcircuitdisclosed in PTL
2 has a problem that a plurality of external heat exchang-
ers are necessary, and thus cost is increased. The typical
defrost operation disclosed in PTLs 2 and 3 is started
after frost accumulation progresses to some extent, and
thus there is a problem that deterioration in heating per-
formance due to the progress of frost accumulation be-
fore starting of the defrost operation cannot be prevented.
[0009] The presentinvention provides arefrigerant cir-
cuit system, a control device, and a control method ca-
pable of solving the above-described problems.

Solution to Problem

[0010] According to a first aspect of the present inven-
tion, there is provided a refrigerant circuit system includ-
ing a refrigerant circuit that includes a compressor com-
pressing a refrigerant, a condenser condensing the re-
frigerant compressed by the compressor, a receiver tank
storing part of the condensed refrigerant, an expansion
valve depressing the refrigerant flowing out of the receiv-
er tank, an evaporator evaporating the depressed refrig-
erant, an accumulator supplying a refrigerant gas of a
refrigerant flowing out of the evaporator to the compres-
sor, a bypass circuit connecting a gas-phase portion of
the receiver tank to the accumulator, and an open-
ing/closing valve controlling opening and closing of the
bypass circuit; and a control device that controls an op-
eration of the refrigerant circuit, in which the control de-
vice performs a frost suppression operation of defrosting
the evaporator by circulating a refrigerant ejected from
the compressor in the order of the condenser, the receiv-
er tank, the bypass circuit, the accumulator, and the com-
pressor before pausing an internal heating operation in
the refrigerant circuit.

[0011] According to a second aspect of the present
invention, in a case where the internal heating operation
is paused, the control device performs the frost suppres-
sion operation on the condition that a predetermined frost
suppression operation condition is established, and
pauses the internal heating operation instead of perform-
ing the frost suppression operation in a case where the
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frost suppression operation condition is not established.
[0012] Accordingto a third aspect of the presentinven-
tion, in a case where the frost suppression operation is
started, the control device finishes the frost suppression
operation on the condition of satisfying at least one of a
time for which the frost suppression operation is contin-
uously performed being equal to or more than a prede-
termined time and a predetermined defrost finishing con-
dition being established.

[0013] According to a fourth aspect of the present in-
vention, the control device determines whether or not a
defrost operation is to be performed before determining
whether or not the frost suppression operation is to be
performed, and determines that the frost suppression op-
erationis to be performedina case where itis determined
that the defrost operation is not to be performed.
[0014] According to a fifth aspect of the presentinven-
tion, the control device stops the frost suppression oper-
ation, and resumes the internal heating operation, in a
case where a predetermined internal heating operation
return condition is established during execution of the
frost suppression operation.

[0015] According to a sixth aspect of the present in-
vention, the control device pauses the internal heating
operation after the frost suppression operation is fin-
ished, and resumes the internal heating operation in a
case where the internal heating operation return condi-
tion is established.

[0016] According to a seven aspect of the present in-
vention, the refrigerant circuit further includes a liquid re-
turn pipe that connects a liquid-phase portion of the re-
ceiver tank to an upstream side of the opening/closing
valve in the bypass circuit.

[0017] According to an eighth aspect of the present
invention, there is provided a control device controlling
an operation of a refrigerant circuit that includes a com-
pressor compressing a refrigerant, a condenser con-
densing the refrigerant compressed by the compressor,
areceiver tank storing part of the condensed refrigerant,
an expansion valve depressing the refrigerant flowing
out of the receiver tank, an evaporator evaporating the
depressed refrigerant, an accumulator supplying a refrig-
erant gas of a refrigerant flowing out of the evaporator to
the compressor, a bypass circuit connecting a gas-phase
portion of the receiver tank to the accumulator, and an
opening/closing valve controlling opening and closing of
the bypass circuit, in which the control device performs
defrosting the evaporator by circulating a refrigerant
ejected from the compressor in an order of the condens-
er, the receiver tank, the bypass circuit, the accumulator,
and the compressor before pausing an internal heating
operation in the refrigerant circuit.

[0018] According to a ninth aspect of the present in-
vention, there is provided a control method for a refrig-
erant circuit that includes a compressor compressing a
refrigerant, a condenser condensing the refrigerant com-
pressed by the compressor, a receiver tank storing part
of the condensed refrigerant, an expansion valve de-
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pressing the refrigerant flowing out of the receiver tank,
an evaporator evaporating the depressed refrigerant, an
accumulator supplying a refrigerant gas of a refrigerant
flowing out of the evaporator to the compressor, a bypass
circuit connecting a gas-phase portion of the receiver
tank to the accumulator, and an opening/closing valve
controlling opening and closing of the bypass circuit, the
control method including causing a control device con-
trolling an operation of the refrigerant circuit to perform
afrost suppression operation of defrosting the evaporator
by circulating a refrigerant ejected from the compressor
in an order of the condenser, the receiver tank, the by-
pass circuit, the accumulator, and the compressor before
pausing an internal heating operation in the refrigerant
circuit.

[0019] According to a tenth aspect of the present in-
vention, the refrigerant circuit further includes a liquid re-
turn pipe that connects a liquid-phase portion of the re-
ceiver tank to an upstream side of the opening/closing
valve in the bypass circuit, and, in a case where the frost
suppression operation is performed, the control device
circulates the refrigerant ejected from the compressor in
an order of the condenser, the receiver tank, the bypass
circuit, the accumulator, and the compressor, and sup-
plies a refrigerant liquid to the bypass circuit from the
liquid-phase portion of the receiver tank such that the
refrigerant liquid is added to the circulated refrigerant.

Advantageous Effects of Invention

[0020] According to the refrigerant circuit system, a
control device, and a control method, high heating per-
formance can be maintained by preventing frost accu-
mulating on an evaporator without influence on a use
side (condenser side) in an internal heating operation.

Brief Description of Drawings
[0021]

FIG. 1is afirstdiagramillustrating a refrigerant circuit
system in a first embodiment of the present inven-
tion.

FIG. 2is a second diagram illustrating the refrigerant
circuit system in the first embodiment of the present
invention.

FIG. 3 is a third diagram illustrating the refrigerant
circuit system in the first embodiment of the present
invention.

FIG. 4 is a diagram for explaining transition of an
operation mode during an internal heating operation
in the first embodiment of the present invention.
FIG.5is aflowchart illustrating a process in a control
device in the first embodiment of the present inven-
tion.

FIG. 6 is a diagram illustrating a refrigerant circuit
system in a second embodiment of the present in-
vention.
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FIG. 7 is a diagram for explaining transition of an
operation mode during an internal heating operation
in the related art.

Description of Embodiments
<First Embodiment

[0022] Hereinafter, arefrigerant circuit system accord-
ing to a first embodiment of the present invention will be
described with reference to FIGS. 1to 5and 7.

[0023] FIG. 1is afirstdiagram illustrating a refrigerant
circuit system in a first embodiment of the present inven-
tion.

[0024] FIG. 2 is a second diagram illustrating the re-
frigerant circuit system in the first embodiment of the
present invention.

[0025] FIG. 1 illustrates a refrigerant circuit system 1
(a refrigerant circuit and a control device thereof) used
for a transportation refrigeration unit which cools or heats
a cold insulation box mounted on a loading space of a
refrigeration vehicle or the like.

[0026] As illustrated in FIG. 1, the refrigerant circuit
system 1 is configured to include a compressor 10, a
four-way valve 11, an external heat exchanger 12, an
external expansion valve 13, an external check valve 14,
a receiver tank 15, an internal expansion valve 16, an
internal check valve 17, an internal heat exchanger 18,
an accumulator 19, a main pipe 20 connecting the above-
described elements to each other, a bypass pipe 21, an
opening/closing valve 22, an external fan 23, an internal
fan 24, and a control device 100. The refrigerant circuit
system 1 is provided with a plurality of sensors measuring
a temperature or pressure of a refrigerant or the like. For
example, a temperature sensor 31 measuring a temper-
ature of the external heat exchanger 12 is provided
around the external heat exchanger 12, and a tempera-
ture sensor 32 measuring a temperature of the box inside
A (inside a cold insulation box) is provided in the box
inside A. The configuration of the refrigerant circuit sys-
tem 1 illustrated in FIG. 1 schematically illustrates a fun-
damental function of the refrigerant circuit system 1, and
may include other constituent elements.

[0027] The refrigerant circuit illustrated in FIG. 1 is a
reverse cycle type refrigerant circuit, and can perform
switching between an internal heating operation and a
cooling operation under the control of the control device
100. FIG. 1 illustrates the refrigerant circuit system 1 dur-
ing the cooling operation, and FIG. 2 illustrates the re-
frigerant circuit system 1 during the internal heating op-
eration.

[0028] The compressor 10 compresses a refrigerant,
and ejects the compressed high-pressure refrigerant.
The four-way valve 11 changes a direction in which the
refrigerant flows between the internal heating operation
and the cooling operation. The external heat exchanger
12 performs heat exchanger between the refrigerant and
outdoor air. For example, the external heat exchanger
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12 functions as a condenser during the cooling operation,
so as to dissipate heat outdoors, and functions as an
evaporator, so as to absorb heat from the outdoor side.
The external expansion valve 13 is controlled to be
brought into a closed state during the cooling operation,
and decompresses the high-pressure refrigerant during
the internal heating operation. The external check valve
14 causes the refrigerant to pass therethrough instead
of the external expansion valve 13 during the cooling
operation. The receiver tank 15 is a pressure container
which temporarily stores part of the refrigerant flowing
through the refrigerant circuit. Two-phase refrigerants
such as a gas and a liquid are mixed to be present in the
receiver tank 15. Part of the refrigerant stored in the re-
ceiver tank 15 flows out thereof and is circulated in the
refrigerant circuit. The internal expansion valve 16 is con-
trolled to be broughtinto a closed state during the internal
heating operation and depresses the high-pressure re-
frigerant during the cooling operation. The internal check
valve 17 causes the refrigerant to pass therethrough in-
stead of the internal expansion valve 16 during the inter-
nal heating operation. The internal heat exchanger 18
performs heat exchanger between the refrigerant and air
of the box inside A. The internal heat exchanger 18 func-
tions as an evaporator during the cooling operation, so
as to absorb heat from air of the box inside A, and func-
tions as a condenser during the internal heating opera-
tion, so as to dissipate heat to air of the box inside A. The
accumulator 19 is a pressure container provided on the
upstream side of the compressor 10. The accumulator
19 separates a refrigerant to be applied to the compres-
sor 10 into a gas and a liquid, supplies a refrigerant gas
to an intake side of the compressor 10, and prevents a
refrigerant liquid from being taken into the compressor
10. The bypass pipe 21 is a bypass circuit which connects
a gas-phase portion of the receiver tank 15 to the accu-
mulator 19, and bypasses a path reaching the accumu-
lator 19 from the receiver tank 15 via the internal heat
exchanger 18. The bypass pipe 21 is provided with the
opening/closing valve 22 controlling opening and closing
of the bypass circuit.

[0029] The control device 100 controls an operation of
the refrigerant circuit system 1. For example, the control
device 100 performs switching among a plurality of op-
eration modes such as the cooling operation and the in-
ternal heating operation. In a case where the external
heat exchanger 12 and the internal heat exchanger 18
are frosted, a defrost operation is performed.

(Cooling operation: FIG. 1)

[0030] During the cooling operation, the control device
100 switches the four-way valve 11 such thatarefrigerant
is circulated in an order of the compressor 10, the four-
way valve 11, the external heat exchanger 12, the exter-
nal check valve 14, the receiver tank 15, the internal ex-
pansion valve 16, the internal heat exchanger 18, the
four-way valve 11, the accumulator 19, and the compres-
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sor 10. The control device 100 controls the external ex-
pansion valve 13 and the opening/closing valve 22 to be
brought into a closed state, and operates the external
fan 23 and the internal fan 24. In FIG. 1, a direction in
which the refrigerant flows is indicated by a solid arrow.
The control device 100 performs control of the number
of revolutions of the compressor 10 or adjustment of an
opening degree of the internal expansion valve 16 ac-
cording to a target temperature of the box inside A.

(Internal heating operation: FIG. 2)

[0031] During the internal heating operation, the con-
trol device 100 switches the four-way valve 11 such that
a refrigerant is circulated in an order of the compressor
10, the four-way valve 11, the internal heat exchanger
18, the internal check valve 17, the receiver tank 15, the
external expansion valve 13, the external heat exchanger
12, the four-way valve 11, the accumulator 19, and the
compressor 10. The control device 100 controls the in-
ternal expansion valve 16 and the opening/closing valve
22 to be brought into a closed state, and operates the
external fan 23 and the internal fan 24. In FIG. 2, a di-
rection in which the refrigerant flows is indicated by a
dashed arrow. The control device 100 performs control
of the number of revolutions of the compressor 10 or
adjustment of an opening degree of the external expan-
sion valve 13 according to a target temperature of the
box inside A.

(Defrost operation during cooling operation)

[0032] In a defrost operation during the cooling oper-
ation, the control device 100 circulates a refrigerantin an
opposite direction to the cooling operation, so as to re-
move frost on the internal heat exchanger 18. In other
words, a direction in which the refrigerant flows is a di-
rection of a dashed arrow in FIG. 2. In this case, the
control device 100 stops an operation of the internal fan
24. Control of operations of other constituent elements
is the same as in the internal heating operation.

[0033] Next, a description will be made of a defrost
operation during the internal heating operation. In the
related art, in a defrost operation during the internal heat-
ing operation, frost on the external heat exchanger 12 is
frequently removed by circulating a refrigerant in an op-
posite direction to the internal heating operation (the
same direction as that in the cooling operation). In this
case, the control device 100 suppresses the influence
on the box inside A by stopping not only an operation of
the external fan 23 but also an operation of the internal
fan 24. However, in this method, since the internal heat-
ing operation is stopped during the defrost operation, and
arefrigerant flows in the same manner as during the cool-
ing operation, itis hard to prevent the influence on a tem-
perature of the box inside A. Therefore, in the present
embodiment, frost accumulating on the external heat ex-
changer 12 during the internal heating operation is coped
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with according to a configuration of the refrigerant circuit
and a control method described below.

(Defrost operation during internal heating operation)

[0034] FIG. 3 is a third diagram illustrating the refrig-
erant circuit system in the firstembodiment of the present
invention.

[0035] With reference to FIG. 3, a description will be
made of a defrost operation during the internal heating
operation in the present embodiment.

[0036] Inadefrostoperation during the internal heating
operation in the present embodiment, first, the control
device 100 switches the four-way valve 11 such that a
refrigerant flows in the same direction as that in the cool-
ing operation. The control device 100 controls the exter-
nal expansion valve 13 and the internal expansion valve
16 to be brought into a closed state and controls the open-
ing/closing valve 22 to be brought into an opened state.
The control device 100 stops operations of the external
fan 23 and the internal fan 24. Through such control, in
the refrigerant circuit during the defrost operation, a cycle
is formed in which a refrigerant flows in an order of the
compressor 10, the four-way valve 11, the external heat
exchanger 12, the external check valve 14, and the re-
ceiver tank 15, and a refrigerant gas reaches the accu-
mulator 19 from the receiver tank 15 via the bypass pipe
21 and returns to the compressor 10. In the refrigerant
circuit, the refrigerantdoes not flow through the box inside
A side, and the defrost operation can be performed with-
out the internal heat exchanger 18 absorbing heat from
air of the box inside A. Thus, it is possible to reduce a
temperature change of the box inside A due to the defrost
operation.

[0037] Inthe presentembodiment, itis possible to pre-
vent frost from accumulating on the external heat ex-
changer 12 by performing control (frost suppression op-
eration) of reducing a frequency of defrost operations
occurring during the internal heating operation.

[0038] Next, with referenceto FIGS. 4 and 7, a descrip-
tion will be made of the frost suppression operation of
the present embodiment by exemplifying the configura-
tions of the refrigerant circuit in FIGS. 1 to 3.

[0039] FIG. 4 is a diagram for explaining transition of
an operation mode during an internal heating operation
according to the first embodiment of the present inven-
tion. FIG. 7 is a diagram for explaining transition of an
operation mode during an internal heating operation in
the related art.

[0040] First, with reference to FIG. 7, a description will
be made of transition of an operation mode during an
internal heating operation in the related art. In a control
method of the related art, in a case where a defrost con-
dition is established during an internal heating operation,
the control device 100 causes an operation mode to tran-
sition to a defrost operation. In a case where a defrost
finishing condition is established during execution of the
defrost operation, the control device 100 causes an op-
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eration mode to transition to a internal heating operation
and resumes the internal heating operation. In a case
where a temperature of the box inside A reaches a set
temperature (or a temperature in a predetermined range
including the settemperature) during the internal heating
operation, the control device 100 causes an operation
mode to transition to an internal heating pause operation,
so as to pause the internal heating operation. In a case
where a temperature of the box inside A is deviated from
the set temperature during the internal heating pause
operation, the control device 100 causes an operation
mode to transition to an internal heating operation, and
resumes the internal heating operation. As mentioned
above, according to the operation mode transition control
of the related art, when a defrost condition is established,
transition to a defrost operation occurs, and the defrost
operation is continuously performed until a defrost finish-
ing condition is established. During that time, an internal
heating operation for maintaining a temperature of the
box inside A to be a set temperature is stopped. For ex-
ample, in an environment in which a temperature of ex-
ternal air is low, frost accumulation on the external heat
exchanger 12 easily occurs, and thus there is a proba-
bility that the defrost operation may be frequently per-
formed. Then, there is a probability that a temperature
of the box inside A is hardly maintained to be a set tem-
perature.

[0041] In contrast, in the present embodiment, as illus-
trated in FIG. 4, in a case where a temperature of the
box inside Areaches a set temperature during an internal
heating operation, the control device 100 causes an op-
eration mode to transition to a frost suppression opera-
tion instead of an internal heating pause operation, so
as to perform the frost suppression operation. In a case
where a temperature of the box inside A is maintained
to be a temperature in a predetermined range (the heat-
ing pause condition is persistent) even though the frost
suppression operation is finished, the control device 100
causes an operation mode to transition to an internal
heating pause operation. In a case where a temperature
of the box inside A is deviated from the set temperature
during the frost suppression operation, the control device
100 causes an operation mode to transition to an internal
heating operation and resumes the internal heating op-
eration. Consequently, a temperature of the box inside
A can be maintained to be the set temperature. In a case
where a temperature of the box inside A is reduced to be
deviated from the set temperature after transition to the
internal heating pause operation, the control device 100
causes an operation mode to an internal heating opera-
tion and performs the internal heating operation.

[0042] Next, a description will be made of a frost sup-
pression operation. In a case where an operation mode
transitions to a frost suppression operation from an in-
ternal heating operation, the control device 100 switches
the four-way valve 11 such that a refrigerant flows in the
same direction as that during the cooling operation and
performs control of bringing the external expansion valve

10

15

20

25

30

35

40

45

50

55

13 and the internal expansion valve 16 into a closed state,
bringing the opening/closing valve 22 into an opened
state, and stopping the external fan 23 and the internal
fan 24. In other words, in the frost suppression operation,
a refrigerant is circulated in the same refrigerant circuit
as that in the defrost operation (FIG. 3), and thus the
progress of frost accumulating on the external heat ex-
changer 12 is suppressed. An expansion valve (not illus-
trated) may be provided, for example, between the intake
side of the compressor 10 and the accumulator 19, and
pressure of a refrigerant during the frost suppression op-
eration may be performed by using the expansion valve.
[0043] Inacase where the frost suppression operation
is performed in the same refrigerant circuit as that during
the cooling operation in which a refrigerant does not flow
through the bypass pipe 21, the refrigerant flows through
the internal heat exchanger 18, and this influences a tem-
perature of the box inside A. However, in the refrigerant
circuit during the frost suppression operation of the
present embodiment, a refrigerant does not flow through
the box inside A side, and thus a temperature of the box
inside A is not influenced (the internal heat exchanger
18 does not absorb heat). As described with reference
to FIG. 4, the frost suppression operation of the present
embodiment is performed at a timing at which a temper-
ature of the box inside A reaches a set temperature due
to an internal heating operation, and thus the internal
heating operation is temporarily paused. A state at this
time is a state in which a refrigerant is not required to be
supplied to the internal heat exchanger 18. Since the
refrigerant circuit during the frost suppression operation
illustratedin FIG. 3 is separate from the box inside A side,
arefrigerantis not supplied to the internal heat exchanger
18, and a temperature of the box inside A is appropriately
maintained due to an internal heating operation per-
formed until right before. Therefore, such a refrigerant
circuit is convenient.

[0044] For example, in a case of a defrost operation of
the related art, the defrost operation is started in a case
where a defrost condition is established regardless of a
temperature of the box inside A. During that time, a tem-
perature of the box inside A may not be appropriate. How-
ever, in the present embodiment, the frost suppression
operation of the present embodiment is performed only
in a case where a temperature of the box inside A is
appropriate, and the appropriately maintained tempera-
ture of the box inside A is hardly influenced due to the
configuration of the refrigerant circuit. In a case where a
temperature of the box inside A is not appropriate, an
internal heating operation is started, and thus control of
appropriately maintaining a temperature of the box inside
A is performed. Therefore, in a case where the frost sup-
pression operation of the present embodiment is em-
ployed, frost accumulation can be suppressed while ap-
propriately maintaining a temperature of the box inside A.
[0045] Due to the frost suppression operation, heating
performance of the refrigerant circuit can be maintained
by frequently removing frost from the external heat ex-
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changer 12, and a state in which a frost condition is es-
tablished during an internal heating operation can also
be prevented. Therefore, it is possible to prevent transi-
tion to a defrost operation during the internal heating op-
eration regardless of atemperature state of the box inside
A.

[0046] Next, a description will be made of transition of
an operation mode during an internal heating operation.
[0047] FIG. 5is aflowchart illustrating a process in the
control device in the first embodiment of the present in-
vention.

[0048] Itis assumed that the refrigerant circuit system
1 performs an internal heating operation on the basis of
a user’s operation or the like of giving an instruction for
starting the internal heating operation. A target temper-
ature is set, and control for reaching a range within a
predetermined temperature is performed. The tempera-
ture sensor 31 measures a temperature of the external
heat exchanger 12 and outputs the temperature to the
controldevice 100. The temperature sensor 32 measures
a temperature of the box inside A and outputs the tem-
perature to the control device 100.

[0049] First, the control device 100 determines wheth-
er or not there is an operation stopping request for the
internal heating operation (step S11). In a case where
there is the operation stopping request (step S11; Yes),
the control device 100 performs stopping control such as
stopping of the compressor 10. In a case where there is
no operation stopping request (step S11; No), subse-
quently, the control device 100 determines whether or
not a cooling operation condition is established (step
S12). The cooling operation condition is a condition for
switching an operation mode to a cooling operation from
the internal heating operation such that a temperature of
the boxinside A is reduced to an appropriate temperature
range in a case where a temperature of the box inside A
is excessively increased due to the internal heating op-
eration. In a case where it is determined that the cooling
operation condition is established (YES in step S12;
Yes), the control device 100 switches an operation mode
to the cooling operation. In other words, the control device
100 switches a circuit to the refrigerant circuit exemplified
in FIG. 1 from the refrigerant circuit exemplified in FIG.
2 and performs the cooling operation.

[0050] In acase where a temperature of the box inside
A reaches a temperature in an appropriate range due to
the cooling operation, the control device 100 switches an
operation mode to the internal heating operation again,
and performs the processes in step S11 and the subse-
quent steps.

[0051] Ina case whereitis determined that the cooling
operation condition is not established (step S12; No),
subsequently, the control device 100 determines wheth-
er or nota defrost operation condition is established (step
S13). The defrost operation condition is determined with
a state in which frost accumulating on the external heat
exchanger 12 may progress as areference. Forexample,
in a case where pressure of the refrigerant measured by
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a pressure sensor (not illustrated) provided in the refrig-
erant circuit system 1 is equal to or less than predeter-
mined pressure, the control device 100 determines that
the defrost operation condition is established. In other
cases, the control device 100 may determine a defrost
operation condition on the basis of a plurality of conditions
such as a temperature of the external heat exchanger 12
measured by the temperature sensor 31. In acase where
it is determined that the defrost operation condition is
established (step S13; Yes), the control device 100
switches an operation mode to a defrost operation. In
other words, the control device 100 switches a circuit to
the refrigerant circuit exemplified in FIG. 3 from the re-
frigerant circuit exemplified in FIG. 2 and performs the
defrost operation. The defrost operation is continuously
performed until a defrost operation finishing condition
such as a condition in which a temperature of the external
heat exchanger 12 measured by the temperature sensor
31 reaches a predetermined temperature. In a case
where the defrost operation is finished, the control device
100 switches an operation mode to an internal heating
operation and performs the processes in step S11 and
the subsequent steps.

[0052] Inacase where itis determined that the defrost
operation condition is not established (step S13; No),
subsequently, the control device 100 determines wheth-
er or not an internal heating pause condition is estab-
lished (step S14). The internal heating pause condition
is a condition for temporarily pausing the internal heating
operation in order to prevent waste of restricted energy
available in a refrigeration vehicle in a case where a tem-
perature of the box inside A reaches an appropriate tem-
perature due to the internal heating operation. For exam-
ple, in a case where the internal heating pause condition
is that a predetermined time elapses in a state in which
a temperature of the box inside A is equal to or higher
than a predetermined temperature, the control device
100 determines whether or not the internal heating pause
condition is established by monitoring a change in a tem-
perature measured by the temperature sensor 32. In a
case where it is determined that the internal heating
pause condition is not established (step S14; No), the
control device 100 repeatedly performs the processes in
step S11 and the subsequent steps while continuously
performing the internal heating operation.

[0053] On the other hand, in a case where it is deter-
mined that the internal heating pause condition is estab-
lished (step S14; Yes), the control device 100 determines
whether or not a frost suppression operation condition is
established (step S15). The frost suppression operation
condition is that, for example, a temperature of the ex-
ternal heat exchanger 12 is a predetermined low temper-
ature, pressure of a refrigerant is equal to or lower than
predetermined pressure, an external temperature is
equal to or less than a predetermined temperature, and
a predetermined time (for example, 30 minutes) or more
has elapsed after the previous frost suppression opera-
tion is performed. In a case where one or a plurality of
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conditions among the conditions are established, the
control device 100 determines that the frost suppression
operation condition is established. A milder condition
than the defrost operation condition is set as the frost
suppression operation condition. For example, in a case
where a temperature of the external heat exchanger 12
measured by the temperature sensor is equal to or lower
than a predetermined temperature, the control device
100 determines that the frost suppression operation con-
dition is established.

[0054] In a case where it is determined that the frost
suppression operation condition is established (step
S15; Yes), the control device 100 causes an operation
mode to transition to a frost suppression operation. In
other words, the control device 100 switches a circuit to
the refrigerant circuit exemplified in FIG. 3 from the re-
frigerant circuit exemplified in FIG. 2 and performs the
frost suppression operation (step S16). During the frost
suppression operation, the control device 100 also per-
forms the following determination, and performs transi-
tion to an operation mode corresponding to a situation
as appropriate.

[0055] First, the control device 100 determines wheth-
er or not there is an operation stopping request (step
S17). In a case where it is determined that there is the
operation stopping request (step S17; Yes) by performing
the same determination asin step S11, the control device
100 performs stopping control. In a case where there is
no operation stopping request (step S17; No), the control
device 100 determines whether or not a cooling operation
condition is established (step S18). In a case where it is
determined that the cooling operation condition is estab-
lished in the same manner as in step S12 (step S18;
Yes), the control device 100 switches a circuit to the re-
frigerant circuit exemplified in FIG. 1 from the refrigerant
circuit exemplified in FIG. 2 and performs the cooling
operation.

[0056] Ina case whereitis determined that the cooling
operation condition is not established (step S18; No),
subsequently, the control device 100 determines wheth-
er or not an internal heating operation return condition is
established (step S19). The internal heating operation
return condition is a condition for determining whether or
not the internal heating operation is required to be re-
sumed in a case where a temperature of the box inside
A is reduced during stopping of the internal heating op-
eration. For example, in a case where a temperature of
the box inside A is equal to or lower than a predetermined
temperature, the control device 100 determines that the
internal heating operation return condition is established.
In a case where it is determined that the internal heating
operation return condition is established (step S19; Yes),
the control device 100 causes an operation mode to tran-
sition to the internal heating operation. Specifically, the
control device 100 switches a circuit to the refrigerant
circuit exemplified in FIG. 2 from the refrigerant circuit
exemplified in FIG. 3 and performs the internal heating
operation (step S25).
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[0057] On the other hand, in a case where it is deter-
mined that the internal heating operation return condition
is not established (step S19; No), the control device 100
determines whether or not a frost suppression operation
finishing condition is established (step S20). The frost
suppression operation finishing condition for determining
finishing of the frost suppression operation includes, for
example, either one of the following two conditions.

1. The frost suppression operation is continuously
performed for a predetermined time (for example,
two minutes) or more.

2. A defrost finishing condition (for example, a tem-
perature of the external heat exchanger 12 reaches
a predetermined temperature) is established.

[0058] Inacase where either one of the two conditions
is established, the control device 100 determines that the
frost suppression operation finishing condition is estab-
lished. In a case where it is determined that the frost
suppression operation finishing condition is not estab-
lished (step S20; No), the control device 100 repeatedly
performs the determination from step S17 while contin-
uously performing the frost suppression operation. In a
case where it is determined that the frost suppression
operation finishing condition is established (step S20;
Yes), the control device 100 causes an operation mode
to transition to an internal heating pause operation (step
S21). In the internal heating pause operation, the control
device 100 stops an operation of the compressor 10 such
that the refrigerant is not circulated.

[0059] The control device 100 may also perform the
same determination as in the frost suppression operation
during the internal heating pause operation, and may per-
form transition to an operation mode corresponding to a
situation. First, the control device 100 determines wheth-
er or not there is an operation stopping request (step
S22). In a case where there is the operation stopping
request (step S22; Yes), the control device 100 performs
stopping control. In a case where there is no operation
stopping request (step S22; No), the control device 100
determines whether or not a cooling operation condition
is established (step S23). In a case where it is determined
that the cooling operation condition is established (step
S23; Yes), the control device 100 switches a circuit to
the refrigerant circuit exemplified in FIG. 1, and performs
the cooling operation.

[0060] Inacase whereitis determined that the cooling
operation condition is not established (step S23; No),
subsequently, the control device 100 determines wheth-
er or not an internal heating operation return condition is
established (step S24). In a case where it is determined
that the internal heating operation return condition is es-
tablished (step S24; Yes), the control device 100 causes
an operation mode to transition to the internal heating
operation (step S25). In a case where it is determined
that the internal heating operation return condition is not
established (step S24; No), the control device 100 re-
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peatedly performs the process from step S22 while con-
tinuously performing the internal heating pause opera-
tion.

[0061] According to the present embodiment, the frost
suppression operation is performed when frost is light by
using an operation pause time (after the internal heating
pause condition is established) during the internal heat-
ing operation, and thus it is possible to maintain a state
(a state in which a frost amount is small) in which the
external heat exchanger 12 can exhibit performance
thereof at all times. Since the frost suppression operation
is performed for an internal heating operation pause time
by using the refrigerant circuit which is physically sepa-
rate from the box inside A, there is no influence on a
temperature of the box inside A which is appropriately
controlled due to an internal heating operation of the re-
lated art, and a temperature of the box inside A can be
maintained in a desired temperature range. Since the
frost suppression operation is performed for the internal
heating operation pause time, it is possible to consider-
ably reduce a frequency of performing a defrost opera-
tion. Thus, high heating performance can be maintained
at all times, and thus a temperature change of the box
inside A due to a defrost operation can be prevented. A
complex circuit configuration such as provision of a plu-
rality of heat exchangers for defrosting the external heat
exchanger 12 is not necessary, and thus cost can be
reduced. Since a refrigerant circuit can be used in com-
mon to the frost suppression operation and the defrost
operation, a new configuration for the frost suppression
operation is not required to be added, and thus cost can
be reduced.

<Second Embodiment

[0062] Hereinafter, with reference to FIG. 6, a refriger-
ant circuit system according to a second embodiment of
the present invention will be described.

[0063] FIG. 6 is a diagram illustrating a refrigerant cir-
cuit system in a second embodiment of the present in-
vention.

[0064] As illustrated in FIG. 6, a refrigerant circuit sys-
tem 1A is configured to include a compressor 10, a four-
way valve 11, an external heat exchanger 12, an external
expansion valve 13, an external check valve 14, a re-
ceiver tank 15, an internal expansion valve 16, an internal
check valve 17, an internal heat exchanger 18, an accu-
mulator 19, a main pipe 20, a bypass pipe 21, an open-
ing/closing valve 22, an external fan 23, an internal fan
24, a liquid return pipe 25, and a control device 100. The
refrigerant circuit system 1 is provided with, for example,
a temperature sensor 31 and a temperature sensor 32.
An oil return hole 26 is provided on a lower part of a U-
shaped pipe in the accumulator 19. A refrigerator oil flow-
ing into the refrigerant circuit from the compressor 10
returns to the compressor 10 via the U-shaped pipe in
the accumulator 19 from the oil return hole 26.

[0065] The refrigerant circuit system 1A of the present
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embodimentincludes the liquid return pipe 25 which con-
nects a liquid-phase portion of the receiver tank 15 to an
upstream side of the opening/closing valve 22 in the by-
pass pipe 21. In a case where a refrigerant is circulated
in a refrigerant circuit (FIG. 3) during a frost suppression
operation, a high-pressure and high-temperature refrig-
erant flows into the external heat exchanger 12 from the
compressor 10, so as to heat the external heat exchanger
12 such that frost thereon is melted. The refrigerant in a
gas-liquid two-phase state partially liquefied due to heat
dissipation in the external heat exchanger 12 flows into
the receiver tank 15. A refrigerant gas which has flown
into the receiver tank 15 and a refrigerant gas obtained
by partially gasifying a refrigerant liquid due to the receiv-
er tank 15 absorbing heat from ambient air return to the
compressor 10 via the bypass pipe 21. In a case where
a liquefied refrigerant amount in the external heat ex-
changer 12 is compared with a gasified refrigerant
amount in the receiver tank 15 in the refrigerant circuit
illustrated in FIG. 3, an amount of a refrigerant which is
liquefied and is stored in the receiver tank 15 is larger
than a gasified refrigerant amount, and thus the liquefied
refrigerant tends to be accumulated in the receiver tank
15. Therefore, an amount of a refrigerant circulated in
the refrigerant circuit is reduced during the frost suppres-
sion operation, and this leads to an operation state in
which a density of a refrigerant taken into the compressor
10 is low. In this state, since an amount of a circulated
refrigerant is small, there is a tendency that high heating
performance cannot be obtained. A refrigerator oil tends
to be accumulated in the receiver tank 15 along with a
refrigerant liquid, and thus a long-term operation may be
hardly performed due to shortage of the refrigerator oil
in the compressor 10.

[0066] Therefore,inthe second embodiment, the liquid
return pipe 25 is added from a portion (liquid-phase por-
tion) where a refrigerant liquid is accumulated in a lower
part of the receiver tank 15 toward the upstream side of
the opening/closing valve 22 of the bypass pipe 21, and
thus part of the refrigerant liquid accumulated in the re-
ceiver tank 15 is supplied to the inside of the circuit in
which arefrigerant gas is circulated. Then, the refrigerant
liquid is circulated in the refrigerant circuit along with the
refrigerant gas, and thus a circulated refrigerant amount
is increased. Consequently, it is possible to prevent de-
terioration in heating performance due to refrigerant
shortage. The refrigerator oil dissolved in the refrigerant
liquid returns to the compressor 10 via the liquid return
pipe 25, the bypass pipe 21, the accumulator 19, the U-
shaped pipe in the accumulator 19 in this order along
with the refrigerant liquid, and thus it is possible to solve
the problem that an operation time is restricted due to
refrigerator oil shortage.

[0067] In order to prevent the refrigerant liquid from
being accumulated in the accumulator 19, a size or a
pressure loss of the liquid return pipe 25 is designed such
that an amount of the refrigerant liquid passing through
the liquid return pipe 25 does not exceed an amount of
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arefrigerant which is supplied to the compressor 10 from
the oil return hole 26 via the U-shaped pipe in the accu-
mulator 19.

[0068] According to the second embodiment, in addi-
tion to the effect of the first embodiment, it is possible to
improve heating performance due to an increase of a
circulated refrigerant amount in a frost suppression op-
eration or a defrost operation, or to perform a long-term
operation due to the refrigerator oil return effect. Since
the heating performance is improved, it is possible to
suppress frost and to perform defrosting in a short period
of time even without performing a frost suppression op-
eration or a defrost operation for a long period of time,
and thus to reduce power consumption in a refrigeration
vehicle.

[0069] A constituent element in the embodiments may
be replaced with a well-known constituent element within
the scope without departing from the spirit of the present
invention. The technical scope of the present invention
is not limited to the embodiments, and may be variously
modified within the scope without departing from the spirit
of the present invention.

Industrial Applicability

[0070] According to the refrigerant circuit system, the
control device, and the control method, high heating per-
formance can be maintained by preventing frost from ac-
cumulating on an evaporator without influencing a use
side (condenser side) in an internal heating operation.

Reference Signs List

[0071]

1AND 1A REFRIGERANT CIRCUIT SYSTEM
10 COMPRESSOR

11 FOUR-WAY VALVE

12 EXTERNAL HEAT EXCHANGER
13 EXTERNAL EXPANSION VALVE
14 EXTERNAL CHECK VALVE

15 RECEIVER TANK

16 INTERNAL EXPANSION VALVE
17 INTERNAL CHECK VALVE

18 INTERNAL HEAT EXCHANGER
19 ACCUMULATOR

20 MAIN PIPE

21 BYPASS PIPE (BYPASS CIRCUIT)
22 OPENING/CLOSING VALVE

23 EXTERNAL FAN

24 INTERNAL FAN

25 LIQUID RETURN PIPE

26 OIL RETURN HOLE

31AND 32 TEMPERATURE SENSOR

100 CONTROL DEVICE
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Claims

1.

A refrigerant circuit system comprising:

a refrigerant circuit that includes a compressor
compressing a refrigerant, a condenser con-
densing the refrigerant compressed by the com-
pressor, a receiver tank storing part of the con-
densed refrigerant, an expansion valve de-
pressing the refrigerant flowing out of the receiv-
er tank, an evaporator evaporating the de-
pressed refrigerant, an accumulator supplying
a refrigerant gas of a refrigerant flowing out of
the evaporator to the compressor, a bypass cir-
cuit connecting a gas-phase portion of the re-
ceiver tank to the accumulator, and an open-
ing/closing valve controlling opening and closing
of the bypass circuit; and

a control device that controls an operation of the
refrigerant circuit,

wherein the control device performs a frost sup-
pression operation of defrosting the evaporator
by circulating a refrigerant ejected from the com-
pressorin an order of the condenser, the receiv-
er tank, the bypass circuit, the accumulator, and
the compressor before pausing an internal heat-
ing operation in the refrigerant circuit.

The refrigerant circuit system according to claim 1,
wherein, in a case where the internal heating oper-
ation is paused, the control device performs the frost
suppression operation on the condition that a pre-
determined frost suppression operation condition is
established, and pauses the internal heating opera-
tion instead of performing the frost suppression op-
eration in a case where the frost suppression oper-
ation condition is not established.

The refrigerant circuit system according to claim 1
or 2,

wherein, in a case where the frost suppression op-
eration is started, the control device finishes the frost
suppression operation on the condition of satisfying
at least one of a time for which the frost suppression
operation is continuously performed being equal to
or more than a predetermined time and a predeter-
mined defrost finishing condition being established.

The refrigerant circuit system according to any one
of claims 1 to 3,

wherein the control device determines whether or
not a defrost operation is to be performed before
determining whether or not the frost suppression op-
eration is to be performed, and determines that the
frost suppression operation is to be performed in a
case where itis determined that the defrost operation
is not to be performed.
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The refrigerant circuit system according to any one
of claims 1 to 4,

wherein the control device stops the frost suppres-
sion operation, and resumes the internal heating op-
eration, in a case where a predetermined internal
heating operation return condition is established dur-
ing execution of the frost suppression operation.

The refrigerant circuit system according to claim 5,
wherein the control device pauses the internal heat-
ing operation after the frost suppression operation
is finished, and resumes the internal heating opera-
tion in a case where the internal heating operation
return condition is established.

The refrigerant circuit system according to any one
of claims 1 to 6,

wherein the refrigerant circuit further includes aliquid
return pipe that connects a liquid-phase portion of
the receiver tank to an upstream side of the open-
ing/closing valve in the bypass circuit.

A control device controlling an operation of a refrig-
erantcircuitthatincludes a compressor compressing
arefrigerant, acondenser condensing the refrigerant
compressed by the compressor, areceiver tank stor-
ing part of the condensed refrigerant, an expansion
valve depressing the refrigerant flowing out of the
receiver tank, an evaporator evaporating the de-
pressed refrigerant, an accumulator supplying a re-
frigerant gas of a refrigerant flowing out of the evap-
oratorto the compressor, a bypass circuit connecting
a gas-phase portion of the receiver tank to the ac-
cumulator, and an opening/closing valve controlling
opening and closing of the bypass circuit,

wherein the control device performs defrosting the
evaporator by circulating a refrigerant ejected from
the compressor in an order of the condenser, the
receiver tank, the bypass circuit, the accumulator,
and the compressor before pausing an internal heat-
ing operation in the refrigerant circuit.

A control method for a refrigerant circuit that includes
acompressor compressing arefrigerant, a condens-
er condensing the refrigerant compressed by the
compressor, a receiver tank storing part of the con-
densed refrigerant, an expansion valve depressing
the refrigerant flowing out of the receiver tank, an
evaporator evaporating the depressed refrigerant,
an accumulator supplying a refrigerant gas of a re-
frigerant flowing out of the evaporator to the com-
pressor, a bypass circuit connecting a gas-phase
portion of the receiver tank to the accumulator, and
an opening/closing valve controlling opening and
closing of the bypass circuit, the control method com-
prising:

causing a control device controlling an operation of
the refrigerant circuit to perform a frost suppression
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operation of defrosting the evaporator by circulating
a refrigerant ejected from the compressorin an order
of the condenser, the receiver tank, the bypass cir-
cuit, the accumulator, and the compressor before
pausing an internal heating operation in the refriger-
ant circuit.

The control method according to claim 9,

wherein the refrigerant circuit further includes a liquid
return pipe that connects a liquid-phase portion of
the receiver tank to an upstream side of the open-
ing/closing valve in the bypass circuit, and
wherein, in a case where the frost suppression op-
eration is performed, the control device circulates
the refrigerant ejected from the compressor in an
order of the condenser, the receiver tank, the bypass
circuit, the accumulator, and the compressor, and
supplies a refrigerant liquid to the bypass circuit from
the liquid-phase portion of the receiver tank such that
the refrigerant liquid is added to the circulated refrig-
erant.

Amended claims under Art. 19.1 PCT

(Amended) A refrigerant circuit system comprising:

a refrigerant circuit that includes a compressor
compressing a refrigerant, a condenser con-
densing the refrigerant compressed by the com-
pressor, a receiver tank storing part of the con-
densed refrigerant, an expansion valve de-
pressing the refrigerant flowing out of the receiv-
er tank, an evaporator evaporating the de-
pressed refrigerant, an accumulator supplying
a refrigerant gas of a refrigerant flowing out of
the evaporator to the compressor, a bypass cir-
cuit connecting a gas-phase portion of the re-
ceiver tank to the accumulator, and an open-
ing/closing valve controlling opening and closing
of the bypass circuit; and

a control device that controls an operation of the
refrigerant circuit,

wherein the control device determines whether
or not a defrost operation is to be performed,
and, in a case where it is determined that the
defrost operation is not to be performed, per-
forms a frost suppression operation of defrosting
the evaporator by circulating a refrigerant eject-
ed from the compressor in the order of the evap-
orator, the receiver tank, the bypass circuit, the
accumulator, and the compressor on the condi-
tion that a predetermined frost suppression op-
eration is established before pausing an internal
heating operation in the refrigerant circuit.

(Amended) The refrigerant circuit system according
to claim 1,



21 EP 3 540 338 A1

wherein, in a case where the internal heating oper-
ation is paused, and the frost suppression operation
condition is not established, the control device paus-
es the internal heating operation instead of perform-
ing the frost suppression operation.

(New) The refrigerant circuit system according to
claim 1 or 2,

wherein the frost suppression operation condition in-
cludes any one of a temperature of the evaporator
being equal to or less than a predetermined temper-
ature, pressure of the refrigerant being equal to or
less than predetermined pressure, an external tem-
perature being equal to or less than a predetermined
temperature, and a predetermined time or more hav-
ing elapsed from the previous frost suppression op-
eration.

(Amended) The refrigerant circuit system according
to any of claims 1 to 3,

wherein, in a case where the frost suppression op-
eration is started, the control device finishes the frost
suppression operation on the condition of satisfying
at least one of a time for which the frost suppression
operation is continuously performed being equal to
or more than a predetermined time and a predeter-
mined defrost finishing condition being established.

(Original) The refrigerant circuit system according to
any one of claims 1 to 4,

wherein the control device stops the frost suppres-
sion operation, and resumes the internal heating op-
eration, in a case where a predetermined internal
heating operation return condition is established dur-
ing execution of the frost suppression operation.

(Original) The refrigerant circuit system according to
claim 5,

wherein the control device pauses the internal heat-
ing operation after the frost suppression operation
is finished, and resumes the internal heating opera-
tion in a case where the internal heating operation
return condition is established.

(Original) The refrigerant circuit system according to
any one of claims 1 to 6,

wherein the refrigerant circuit further includes aliquid
return pipe that connects a liquid-phase portion of
the receiver tank to an upstream side of the open-
ing/closing valve in the bypass circuit.

(Amended) A control device controlling an operation
of a refrigerant circuit that includes a compressor
compressing a refrigerant, a condenser condensing
the refrigerant compressed by the compressor, a re-
ceiver tank storing part of the condensed refrigerant,
an expansion valve depressing the refrigerant flow-
ing out of the receiver tank, an evaporator evaporat-

10

15

20

25

30

35

40

45

50

55

12

10.

22

ing the depressed refrigerant, an accumulator sup-
plying a refrigerant gas of a refrigerant flowing out
of the evaporator to the compressor, a bypass circuit
connecting a gas-phase portion of the receiver tank
to the accumulator, and an opening/closing valve
controlling opening and closing of the bypass circuit,
wherein the control device determines whether or
not a defrost operation is to be performed, and, in a
case where itis determined that the defrost operation
is not to be performed, performs a frost suppression
operation of defrosting the evaporator by circulating
a refrigerant ejected from the compressorin an order
of the evaporator, the receiver tank, the bypass cir-
cuit, the accumulator, and the compressor on the
condition that a predetermined frost suppression op-
eration is established before pausing an internal
heating operation in the refrigerant circuit.

(Amended) A control method for a refrigerant circuit
that includes a compressor compressing a refriger-
ant, a condenser condensing the refrigerant com-
pressed by the compressor, a receiver tank storing
part of the condensed refrigerant, an expansion
valve depressing the refrigerant flowing out of the
receiver tank, an evaporator evaporating the de-
pressed refrigerant, an accumulator supplying a re-
frigerant gas of a refrigerant flowing out of the evap-
oratorto the compressor, abypass circuit connecting
a gas-phase portion of the receiver tank to the ac-
cumulator, and an opening/closing valve controlling
opening and closing of the bypass circuit, the control
method comprising:

causing a control device controlling an operation of
the refrigerant circuit to determine whether or not a
defrost operation is to be performed, and, in a case
where it is determined that the defrost operation is
not to be performed, to perform a frost suppression
operation of defrosting the evaporator by circulating
a refrigerant ejected from the compressor in an order
of the evaporator, the receiver tank, the bypass cir-
cuit, the accumulator, and the compressor on the
condition that a predetermined frost suppression op-
eration is established before pausing an internal
heating operation in the refrigerant circuit.

(Amended) The control method according to claim 9,
wherein the refrigerant circuit further includes a liquid
return pipe that connects a liquid-phase portion of the
receiver tank to an upstream side of the opening/clos-
ing valve in the bypass circuit, and

wherein, in a case where the frost suppression oper-
ation is performed, the control device circulates the
refrigerant ejected from the compressor in an order
of the evaporator, the receiver tank, the bypass cir-
cuit, the accumulator, and the compressor, and sup-
plies a refrigerant liquid to the bypass circuit from the
liquid-phase portion of the receiver tank such that the
refrigerantliquid is added to the circulated refrigerant.
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