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(54) HEAT SOURCE UNIT AND REFRIGERATION DEVICE

(57) A heat source unit (10) including a heat source
circuit (11) is connected to a utilization unit (50) to con-
stitute a refrigerant circuit (2) that performs a refrigeration
cycle. The heat source unit (10) includes a switching
mechanism (24) that switches the refrigeration cycle be-
tween a first refrigeration cycle and a second refrigeration
cycle, and a subcooling heat exchanger (40) having a
first channel (40a) and a second channel (40b) through

which a heating medium for cooling a refrigerant in the
first channel (40a) flows. The heat source unit (10) further
includes a regulation mechanism (80) configured to per-
form a first operation of reducing a capability of the sec-
ond channel (40b) of cooling the refrigerant in the first
channel (40a) before switching from the first refrigeration
cycle to the second refrigeration cycle.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to a heat source
unit and a refrigeration apparatus.

BACKGROUND ART

[0002] A refrigeration apparatus provided with a refrig-
erant circuit has been known. Patent Document 1 dis-
closes a refrigeration apparatus having a refrigerant cir-
cuit. The refrigerant circuit includes a compressor, an air
heat exchanger (heat source heat exchanger), an expan-
sion valve, an internal heat exchanger (utilization heat
exchanger), and a subcooler (subcooling heat exchang-
er). The refrigerant circuit performs a first refrigeration
cycle and a second refrigeration cycle. In the first refrig-
eration cycle, the heat source heat exchanger serves as
a radiator, and the utilization heat exchanger serves as
an evaporator. In the second refrigeration cycle, the heat
source heat exchanger serves as an evaporator, and the
utilization heat exchanger serves as a radiator.
[0003] The refrigeration apparatus performs the first
refrigeration cycle in a cooling operation. When the utili-
zation heat exchanger is frosted in the cooling operation,
the refrigeration apparatus performs a defrosting opera-
tion. In the defrosting operation, the second refrigeration
cycle is performed, and the utilization heat exchanger
serves as a radiator. This operation allows the refrigerant
to melt frost on the surface of the utilization heat exchang-
er.

CITATION LIST

PATENT DOCUMENTS

[0004] Patent Document 1: Japanese Unexamined
Patent Publication No. 2015-48983

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0005] When the refrigeration apparatus described
above is performing the first refrigeration cycle, the re-
frigerant that has dissipated heat in the heat source heat
exchanger is cooled in the subcooling heat exchanger,
and then evaporates in the utilization heat exchanger.
When the first refrigeration cycle is switched to the sec-
ond refrigeration cycle, the refrigerant having a relatively
high temperature flows into the subcooling heat exchang-
er from the utilization heat exchanger. This increases
thermal stress on the subcooling heat exchanger, which
may cause cracks in the subcooling heat exchanger.
[0006] An object of the present disclosure is to keep
thermal stress on a subcooling heat exchanger from in-
creasing when switching from a first refrigeration cycle

to a second refrigeration cycle.

SOLUTION TO THE PROBLEM

[0007] A first aspect is directed to a heat source unit,
including: a heat source circuit (11) including a compres-
sion element (20), a heat source heat exchanger (14), a
subcooling heat exchanger (40), and a switching mech-
anism (24), the heat source unit being connected to a
utilization unit (50) having a utilization heat exchanger
(54) to constitute a refrigerant circuit (2) that performs a
refrigeration cycle, wherein

the switching mechanism (24) is configured to switch
the refrigeration cycle between a first refrigeration
cycle in which the heat source heat exchanger (14)
serves as a radiator and the utilization heat exchang-
er (54) serves as an evaporator and a second refrig-
eration cycle in which the utilization heat exchanger
(54) serves as a radiator and the heat source heat
exchanger (14) serves as an evaporator,
the subcooling heat exchanger (40) has a first chan-
nel (40a) connected to a middle portion of a liquid
pipe (32, 33) through which a liquid refrigerant in the
heat source circuit (11) flows, and a second channel
(40b) through which a heating medium for cooling
the refrigerant in the first channel (40a) flows, and
the heat source unit further comprises a regulation
mechanism configured to perform a first operation
of reducing a capability of the second channel (40b)
of cooling the refrigerant in the first channel (40a)
before switching from the first refrigeration cycle to
the second refrigeration cycle.

[0008] In the first aspect, the first operation reduces
the cooling capability of the second channel (40b). As a
result, the temperature of the refrigerant in the first chan-
nel (40a) rises. This can keep the thermal stress on the
subcooling heat exchanger (40) from increasing even if
a relatively high-temperature refrigerant flows into the
first channel (40a) from the utilization heat exchanger
(54) in the second refrigeration cycle.
[0009] In a second aspect, the switching mechanism
(24) is configured to switch the refrigeration cycle to the
second refrigeration cycle when a temperature of the re-
frigerant flowing through the first channel (40a) exceeds
a predetermined value in the first operation.
[0010] In the second aspect, the first refrigeration cycle
is switched to the second refrigeration cycle when the
temperature of the refrigerant in the first channel (40a)
exceeds the predetermined value in the first operation.
[0011] In a third aspect, the heat source circuit (11)
includes: an injection circuit (60) having one end
branched from the liquid pipe (32, 33) and the other end
communicating with an intermediate pressure portion or
a suction portion of the compression element (20), and
including the second channel (40b) through which a re-
frigerant as the heating medium flows; and an expansion
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valve (26) connected to an upstream side of the second
channel (40b) in the injection circuit (60), and the regu-
lation mechanism (80) includes the expansion valve (26)
and a control unit (101) configured to control an opening
degree of the expansion valve (26) so that the cooling
capability is reduced in the first operation.
[0012] In the third aspect, control of the opening degree
of the expansion valve (26) can reduce the cooling ca-
pability of the second channel (40b). The refrigerant in
the second channel (40b) can be introduced into the com-
pression element (20) via the injection circuit (60).
[0013] In a fourth aspect, the control unit (101) per-
forms first control in the first operation to reduce the open-
ing degree of the expansion valve (26) so that a flow rate
of the refrigerant in the second channel (40b) decreases.
[0014] In the fourth aspect, the first control reduces the
flow rate of the refrigerant flowing into the second channel
(40b). This can reduce the cooling capability of the sec-
ond channel (40b).
[0015] In a fifth aspect, the control unit (101) performs
second control in the first operation to increase the open-
ing degree of the expansion valve (26) so that a pressure
of the refrigerant in the second channel (40b) rises.
[0016] In the fifth aspect, the second control raises the
pressure of the refrigerant flowing into the second chan-
nel (40b). This can reduce the cooling capability of the
second channel (40b).
[0017] In a sixth aspect, the control unit (101) performs,
in the first operation, first control to reduce the opening
degree of the expansion valve (26) so that a flow rate of
the refrigerant in the second channel (40b) decreases
when a condition indicating that a discharge temperature,
which is a temperature of the refrigerant discharged from
the compression element (20), is low is met, and second
control to increase the opening degree of the expansion
valve (26) so that a pressure of the refrigerant in the sec-
ond channel (40b) rises when a condition indicating that
the discharge temperature of the compression element
(20) is high is met.
[0018] In the sixth aspect, the first control is performed
when the discharge temperature is low. The second con-
trol is performed when the discharge temperature is high.
The second control can lower the temperature of the re-
frigerant discharged from the compression element (20).
[0019] In a seventh aspect, the heat source circuit (11)
includes a flow rate regulating valve (28, 29) connected
to a downstream side of the second channel (40b) in the
injection circuit (60). The second control performed in the
first operation regulates an opening degree of the flow
rate regulating valve (28, 29) so that a discharge tem-
perature, which is a temperature of the refrigerant dis-
charged from the compression element (20), approaches
a predetermined value.
[0020] In the seventh aspect, the amount of refrigerant
introduced into the compression element (20) can be
controlled by regulating the opening degree of the flow
rate regulating valve (28, 29). This can control the dis-
charge temperature of the compression element (20).

[0021] An eighth aspect is an embodiment of any one
of the first to seventh aspects. In the eighth aspect, the
heat source unit further includes:

a subcooling heat exchanger (40) having the first
channel (40a) and the second channel (40b);
a bypass channel (70) configured to allow at least
part of the refrigerant that has dissipated heat in the
utilization heat exchanger (54) to bypass the first
channel (40a) in the second refrigeration cycle; and
a channel switching mechanism (180) configured to
regulate the refrigerant flowing through the first chan-
nel (40a) and allow the refrigerant to flow through
the bypass channel (70) in the second refrigeration
cycle.

[0022] In the eighth aspect, the flow rate of the refrig-
erant flowing through the first channel can be reduced in
the second refrigeration cycle. This can keep the thermal
stress on the subcooling heat exchanger (40) from in-
creasing.
[0023] A ninth aspect is an embodiment of any one of
the first to eighth aspects. In the ninth aspect, the com-
pression element (20) is a two-stage compression ele-
ment having a first compression section (22, 23) and a
second compression section (21), and is configured to
compress the refrigerant in the first compression section
(22, 23) and then compress the refrigerant again in the
second compression section (21) in the first refrigeration
cycle.
[0024] A tenth aspect is directed to a refrigeration ap-
paratus, including: the heat source unit (10) of any one
of the first to ninth aspects; and a utilization unit (50)
having a utilization heat exchanger (54).
[0025] An eleventh aspect is an embodiment of the
tenth aspect. In the eleventh aspect, the refrigerant circuit
(2) is configured to perform the second refrigeration cycle
in a defrosting operation of defrosting the utilization heat
exchanger (54).

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

FIG. 1 is a piping system diagram of a refrigeration
apparatus according to an embodiment.
FIG. 2 is a block diagram illustrating a relationship
among a controller, various sensors, and compo-
nents of a refrigerant circuit.
FIG. 3 is a view corresponding to FIG. 1, illustrating
the flow of a refrigerant during a cooling operation.
FIG. 4 is a view corresponding to FIG. 1, illustrating
the flow of a refrigerant during a defrosting operation.
FIG. 5 is a flowchart of a first operation.
FIG. 6 is a piping system diagram of a refrigeration
apparatus according to a first variation.
FIG. 7 is a view corresponding to FIG. 5, illustrating
a first operation according to the first variation.
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FIG. 8 is a piping system diagram of a refrigeration
apparatus according to a second variation.
FIG. 9 is a piping system diagram of a refrigeration
apparatus according to a third variation.
FIG. 10 is a view corresponding to FIG. 9, illustrating
the flow of a refrigerant during a cooling operation.
FIG. 11 is a view corresponding to FIG. 9, illustrating
the flow of a refrigerant during a defrosting operation.
FIG. 12 is an enlarged piping system diagram of a
subcooling heat exchanger and its peripheral com-
ponents of a refrigeration apparatus according to a
fourth variation.
FIG. 13 is a view corresponding to FIG. 12, illustrat-
ing the flow of a refrigerant during a cooling opera-
tion.
FIG. 14 is a view corresponding to FIG. 12, illustrat-
ing the flow of a refrigerant during a defrosting op-
eration.
FIG. 15 is a piping system diagram of a refrigeration
apparatus according to a fifth variation.
FIG. 16 is a view corresponding to FIG. 12, illustrat-
ing a refrigeration apparatus according to another
embodiment.
FIG. 17 is a view corresponding to FIG. 12, illustrat-
ing a refrigeration apparatus according to another
embodiment.
FIG. 18 is a view corresponding to FIG. 12, illustrat-
ing a refrigeration apparatus according to another
embodiment.

DESCRIPTION OF EMBODIMENTS

[0027] Embodiments of the present disclosure will be
described below with reference to the drawings. The fol-
lowing embodiments are merely exemplary ones in na-
ture, and are not intended to limit the scope, application,
or uses of the invention.

«Embodiment»

<General Configuration>

[0028] A refrigeration apparatus (1) according to an
embodiment cools the air in a refrigeration warehouse.
As illustrated in FIG. 1, the refrigeration apparatus (1)
includes an outdoor unit (10) and an internal unit (50).
The outdoor unit (10) is a heat source unit (10) and is
placed outside. The internal unit (50) is a utilization unit
(50).
[0029] The outdoor unit (10) includes a heat source
circuit (11). The internal unit (50) includes a utilization
circuit (51). The heat source circuit (11) and the utilization
circuit (51) are connected to each other by connection
pipes (3, 4) to form a refrigerant circuit (2) in the refrig-
eration apparatus (1). In the refrigerant circuit (2), a re-
frigerant circulates to perform a vapor compression re-
frigeration cycle.
[0030] The connection pipes connecting the heat

source circuit (11) and the utilization circuit (51) to each
other are a liquid connection pipe (3) and a gas connec-
tion pipe (4). One end of the liquid connection pipe (3) is
connected to a liquid-side shutoff valve (17) connected
to one end of the heat source circuit (11). One end of the
gas connection pipe (4) is connected to a gas-side shutoff
valve (18) connected to the other end of the heat source
circuit (11).

<Outdoor Unit>

[0031] The outdoor unit (10) includes an outdoor fan
(15), the heat source circuit (11), and a regulation mech-
anism (80). The heat source circuit (11) includes a com-
pression element (20), a four-way switching valve (24),
an outdoor heat exchanger (14), a receiver (39), and a
subcooling heat exchanger (40).

<Compression Element and Peripheral Structure There-
of>

[0032] The compression element (20) compresses a
refrigerant which is a heating medium. The compression
element (20) constitutes a two-stage compression ele-
ment that compresses the refrigerant in first compression
sections (22, 23) at a lower pressure, and then compress-
es the refrigerant again in a second compression section
(21) at a higher pressure. Specifically, the first compres-
sion sections (22, 23) include a first low-pressure com-
pressor (22) and a second low-pressure compressor
(23). The second compression section (21) is a high-
pressure compressor (21). The first low-pressure com-
pressor (22) and the second low-pressure compressor
(23) are connected in parallel with each other. Each of
the compressors (21 to 23) is a high pressure dome-
shaped hermetic scroll compressor.
[0033] A compression mechanism (not shown) and an
electric motor (not shown) that drives the compression
mechanism are connected to each of the compressors
(21 to 23). The electric motors of the high-pressure com-
pressor (21) and the second low-pressure compressor
(23) are connected to an inverter capable of freely chang-
ing the numbers of rotations of the electric motors within
a predetermined range. The numbers of rotations of the
electric motors can be adjusted by the inverter, thereby
increasing or decreasing the operating capacities of the
high-pressure compressor (21) and the second low-pres-
sure compressor (23). The inverter is not connected to
the electric motor of the first low-pressure compressor
(22). Thus, the first low-pressure compressor (22) has a
fixed operating capacity. The first low-pressure compres-
sor (22) rotates at a constant rotational speed.
[0034] A first suction pipe (44) and a first discharge
pipe (41) are connected to the high-pressure compressor
(21). A first check valve (CV1) is connected to the first
discharge pipe (41). The first check valve (CV1) allows
the refrigerant to flow from a discharge end of the high-
pressure compressor (21) to the four-way switching valve
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(24) which will be described later, and prohibits the re-
frigerant from flowing in the opposite direction. A second
suction pipe (45) and a second discharge pipe (42) are
connected to the first low-pressure compressor (22). A
second check valve (CV2) is connected to the second
discharge pipe (43). The second check valve (CV2) al-
lows the refrigerant to flow from a discharge end of the
first low-pressure compressor (22) to a second junction
pipe (47) which will be described later, and prohibits the
refrigerant from flowing in the opposite direction. A third
suction pipe (46) and a third discharge pipe (43) are con-
nected to the second low-pressure compressor (23). A
third check valve (CV3) is connected to the third dis-
charge pipe (43). The third check valve (CV3) allows the
refrigerant to flow from a discharge end of the second
low-pressure compressor (23) to the second junction
pipe (47) which will be described later, and prohibits the
refrigerant from flowing in the opposite direction.
[0035] The second suction pipe (45) and the third suc-
tion pipe (46) are connected to a first junction pipe (48).
The second discharge pipe (42) and the third discharge
pipe (43) are connected to the second junction pipe (47).
The heat source circuit (11) has a connection pipe (49)
having one end connected to the middle of the first junc-
tion pipe (48) and the other end connected to the middle
of the second junction pipe (47). A sixth motor-operated
valve (53) is connected to the connection pipe (49). The
sixth motor-operated valve (53) is a flow rate regulating
valve. The sixth motor-operated valve (53) regulates the
flow rate of the refrigerant in the connection pipe (49).

<Four-Way Switching Valve>

[0036] The four-way switching valve (24) constitutes a
switching mechanism that switches the channel of the
refrigerant. The four-way switching valve (24) has first to
fourth ports (PI to P4). The first port (P1) is connected to
the first discharge pipe (41) of the high-pressure com-
pressor (21). The second port (P2) is connected to the
first suction pipe (44). The third port (P3) communicates
with a gas end of the outdoor heat exchanger (14). The
fourth port (P4) is connected to the second junction pipe
(47).
[0037] The four-way switching valve (24) is configured
to be able to switch between a first state (the state indi-
cated by solid curves in FIG. 1) and a second state (the
state indicated by broken curves in FIG. 1). In the first
state, the second port (P2) and the fourth port (P4) com-
municate with each other, and the first port (P1) and the
third port (P3) communicate with each other. In the sec-
ond state, the second port (P2) and the third port (P3)
communicate with each other, and the first port (P1) and
the fourth port (P4) communicate with each other.

<Outdoor Heat Exchanger>

[0038] The outdoor heat exchanger (14) is a heat
source heat exchanger (14). The outdoor heat exchanger

(14) is a fin-and-tube air heat exchanger. The outdoor
fan (15) is arranged near the outdoor heat exchanger
(14). The outdoor fan (15) transfers outdoor air. The out-
door heat exchanger (14) exchanges heat between the
refrigerant flowing therethrough and the outdoor air trans-
ferred from the outdoor fan (15).
[0039] The gas end of the outdoor heat exchanger (14)
communicates with the third port (P3) of the four-way
switching valve (24). A liquid end of the outdoor heat
exchanger (14) is connected to one end of a first pipe (31).

<Receiver, Subcooling Heat Exchanger, and Peripheral 
Structure Thereof>

[0040] The receiver (39) constitutes a container for
storing the refrigerant. The receiver (39) separates the
refrigerant into a gas refrigerant and a liquid refrigerant.
[0041] The subcooling heat exchanger (40) has a first
channel (40a) and a second channel (40b). The first
channel (40a) is connected to the middle of a liquid pipe
(32, 33) through which the liquid refrigerant flows. The
refrigerant which is a heating medium flows through the
second channel (40b). The second channel cools the re-
frigerant flowing through the first channel (40a). In the
subcooling heat exchanger (40), heat exchange occurs
between the refrigerant flowing through the first channel
(40a) and the refrigerant flowing through the second
channel (40b).
[0042] The first pipe (31) connects the liquid end of the
outdoor heat exchanger (14) and the top of the receiver
(39). A fourth outdoor check valve (CV4) is connected to
the first pipe (31). The fourth outdoor check valve (CV4)
allows the refrigerant to flow from the outdoor heat ex-
changer (14) to the receiver (39), and prohibits the re-
frigerant from flowing in the opposite direction.
[0043] A second pipe (32) connects the bottom of the
receiver (39) and one end of the first channel (40a) of
the subcooling heat exchanger (40). The second pipe
(32) constitutes part of the liquid pipe.
[0044] A third pipe (33) connects the other end of the
first channel (40a) and the liquid-side shutoff valve (17).
The third pipe (33) constitutes part of the liquid pipe. A
fifth outdoor check valve (CV5) is connected to the third
pipe (33). The fifth outdoor check valve (CV5) allows the
refrigerant to flow from the first channel (40a) to an inter-
nal heat exchanger (54), and prohibits the refrigerant
from flowing in the opposite direction.
[0045] A fourth pipe (34) is connected to the third pipe
(33). One end of the fourth pipe (34) is connected to the
third pipe (33) between the fifth outdoor check valve
(CV5) and the liquid-side shutoff valve (17). The other
end of the fourth pipe (34) is connected to the first pipe
(31) between the fourth outdoor check valve (CV4) and
the receiver (39). A sixth outdoor check valve (CV6) is
connected to the fourth pipe (34). The sixth outdoor check
valve (CV6) allows the refrigerant to flow from the internal
heat exchanger (54) to the outdoor heat exchanger (14),
and prohibits the refrigerant from flowing in the opposite
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direction.
[0046] A fifth pipe (35) is connected to the second pipe
(32). One end of the fifth pipe (35) is connected to the
middle of the second pipe (32). The other end of the fifth
pipe (35) is connected to the first pipe (31) between the
fourth outdoor check valve (CV4) and the outdoor heat
exchanger (14). An outdoor expansion valve (25) is con-
nected to the fifth pipe (35). The outdoor expansion valve
(25) is an electronic expansion valve having a variable
opening degree. A seventh outdoor check valve (CV7)
is connected to the fifth pipe (35). The seventh outdoor
check valve (CV7) is provided between the junction of
the first pipe (31) with the fifth pipe (35) and the outdoor
expansion valve (25). The seventh outdoor check valve
(CV7) allows the refrigerant to flow from the internal heat
exchanger (54) to the outdoor heat exchanger (14), and
prohibits the refrigerant from flowing in the opposite di-
rection.

<Injection Circuit>

[0047] The heat source circuit (11) includes an injec-
tion circuit (60). The injection circuit (60) introduces an
intermediate-pressure refrigerant in the liquid pipe (32,
33) into the compression element (20). The injection cir-
cuit (60) has one end branched from the liquid pipe (32,
33), and the other end communicating with an interme-
diate pressure portion of the compression element (20).
The injection circuit (60) includes the second channel
(40b), a first branch pipe (61), a relay pipe (62), and three
injection pipes (63, 64, 65).
[0048] An inflow end of the first branch pipe (61) is
connected to the third pipe (33) between the junction of
the third pipe (33) with the fourth pipe (34) and the liquid-
side shutoff valve (17). An outflow end of the first branch
pipe (61) is connected to an inflow end of the second
channel (40b) of the subcooling heat exchanger (40).
[0049] An injection valve (26) is connected to the first
branch pipe (61). The injection valve (26) is an expansion
valve (26) having a variable opening degree. The injec-
tion valve (26) is constituted of an electronic expansion
valve.
[0050] An inflow end of the relay pipe (62) is connected
to an outflow end of the second channel (40b). An outflow
portion of the relay pipe (62) is connected to inflow ends
of the first injection pipe (63), the second injection pipe
(64), and the third injection pipe (65).
[0051] An outflow end of the first injection pipe (63)
communicates with a compression chamber of the high-
pressure compressor (21). An outflow end of the second
injection pipe (64) communicates with a compression
chamber of the first low-pressure compressor (22). An
outflow end of the third injection pipe (65) communicates
with a compression chamber of the second low-pressure
compressor (23).
[0052] A first motor-operated valve (27) is connected
to the first injection pipe (63). A second motor-operated
valve (28) is connected to the second injection pipe (64).

A third motor-operated valve (29) is connected to the
third injection pipe (65). The first to third motor-operated
valves (27 to 29) are flow rate regulating valves. Each of
the first to third motor-operated valves (27 to 29) regu-
lates the flow rate of the refrigerant in the corresponding
injection pipes (63 to 65).

<Bypass Channel>

[0053] The fourth pipe (34) constitutes a bypass chan-
nel (70). The bypass channel (70) may include the first
pipe (31), the second pipe (32), and the fifth pipe (35).
The bypass channel (70) may further include the receiver
(39). The bypass channel (70) is connected in parallel
with the subcooling heat exchanger (40). The refrigerant
in the bypass channel (70) bypasses the subcooling heat
exchanger (40). Specifically, the refrigerant that has dis-
sipated heat in the internal heat exchanger (54) in the
second refrigeration cycle flows through the fourth pipe
(34), the first pipe (31), the receiver (39), the second pipe
(32), and the fifth pipe (35) in this order.

<Channel Switching Mechanism>

[0054] The sixth outdoor check valve (CV6) and the
fifth outdoor check valve (CV5) constitute a channel
switching mechanism (180). The channel switching
mechanism (180) may include the fourth outdoor check
valve (CV4) and the seventh outdoor check valve (CV7).
[0055] In the second refrigeration cycle, the channel
switching mechanism (180) regulates the refrigerant
flowing through the first channel (40a), and allows the
refrigerant to flow through the bypass channel (70). Spe-
cifically, in the second refrigeration cycle, the channel
switching mechanism (180) prohibits the refrigerant from
flowing through the first channel (40a), and allows the
refrigerant to flow through the bypass channel (70). In
the first refrigeration cycle, the channel switching mech-
anism (180) allows the refrigerant to flow through the first
channel (40a), and prohibits the refrigerant from flowing
through the bypass channel (70).
[0056] Specifically, in the first refrigeration cycle, the
seventh outdoor check valve (CV7) prohibits the refrig-
erant that has entered the first pipe (31) from the outdoor
heat exchanger (14) from flowing through the fifth pipe
(35). In the first refrigeration cycle, the sixth outdoor
check valve (CV6) prohibits the refrigerant that has en-
tered the first pipe (31) from the outdoor heat exchanger
(14) from flowing through the fourth pipe (34). The out-
door expansion valve (25) is fully opened in the first re-
frigeration cycle. Thus, the outdoor expansion valve (25)
allows the refrigerant to flow into the first channel (40a).
[0057] In the second refrigeration cycle, the fifth out-
door check valve (CV5) prohibits the refrigerant from
flowing through the first channel (40a). In the second re-
frigeration cycle, the sixth outdoor check valve (CV6) al-
lows the refrigerant to flow through the fourth pipe (34).
In the second refrigeration cycle, the fourth outdoor check
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valve (CV4) prohibits the refrigerant that has entered the
first pipe (31) from the fourth pipe (34) from flowing toward
the outdoor heat exchanger (14). In the second refriger-
ation cycle, the outdoor expansion valve (25) decom-
presses the refrigerant. Thus, the outdoor expansion
valve (25) allows the refrigerant to flow from the second
pipe (32) into the fifth pipe (35). In the second refrigeration
cycle, the seventh outdoor check valve (CV7) allows the
refrigerant to flow through the fifth pipe (35).
[0058] The refrigerant downstream of the fifth outdoor
check valve (CV5) has a higher pressure than the refrig-
erant upstream of the fifth outdoor check valve (CV5).
This is because the pressure of the refrigerant in the first
channel (40a) corresponds to the pressure of the refrig-
erant decompressed by the outdoor expansion valve
(25). Thus, the refrigerant in the first channel (40a) does
not pass through the fifth outdoor check valve (CV5).

<Sensor>

[0059] The outdoor unit (10) is provided with various
sensors. For example, the first to third discharge pipes
(41 to 43) are respectively provided with first to third dis-
charge temperature sensors (71 to 73). The first dis-
charge temperature sensor (71) detects a first discharge
temperature (Td1) which is the temperature of the refrig-
erant discharged from the high-pressure compressor
(21). The second discharge temperature sensor (72) de-
tects a second discharge temperature (Td2) which is the
temperature of the refrigerant discharged from the first
low-pressure compressor (22). The third discharge tem-
perature sensor (73) detects a third discharge tempera-
ture (Td3) which is the temperature of the refrigerant dis-
charged from the second low-pressure compressor (23).
The third pipe (33) is provided with a liquid temperature
sensor (74). The liquid temperature sensor (74) detects
the temperature (TL) of the refrigerant flowing through
the third pipe (33).
[0060] The first branch pipe (61) is provided with a first
temperature sensor (75). The first temperature sensor
(75) is arranged between the injection valve (26) and the
second channel (40b). The first temperature sensor (75)
detects the temperature (Tg1) of the refrigerant flowing
into the second channel (40b).
[0061] The relay pipe (62) is provided with a second
temperature sensor (76). The second temperature sen-
sor (76) is arranged close to the second channel (40b).
The second temperature sensor (76) detects the temper-
ature (Tg2) of the refrigerant that has just flowed into the
relay pipe (62) from the second channel (40b). The relay
pipe (62) is provided with a pressure sensor (77). The
pressure sensor (77) detects the pressure (MP) of the
refrigerant in the relay pipe (62).

<Internal Unit>

[0062] The internal unit (50) is a utilization unit. The
internal unit (50) includes the utilization circuit (51) and

an internal fan (52).
[0063] The utilization circuit (51) is connected to the
liquid connection pipe (3) and the gas connection pipe
(4). The utilization circuit (51) includes a heating pipe
(55), an internal expansion valve (30), and the internal
heat exchanger (54) arranged in this order from the liquid
end to the gas end.
[0064] The heating pipe (55) is attached to a drain pan
(59) connected to a lower portion of the internal heat ex-
changer (54). The drain pan (59) collects condensation
water dripping from the internal heat exchanger (54). The
heating pipe (55) heats the drain pan (59) to keep drain
water from freezing.
[0065] The internal expansion valve (30) is a temper-
ature-sensitive expansion valve having a feeler bulb.
When the internal heat exchanger (54) functions as an
evaporator, the opening degree of the internal expansion
valve (30) is adjusted based on the temperature of the
refrigerant at the outlet of the internal heat exchanger
(54). When the internal heat exchanger (54) functions as
a radiator, the internal expansion valve (30) is fully
closed.
[0066] The internal heat exchanger (54) constitutes a
utilization heat exchanger. The internal heat exchanger
(54) is a fin-and-tube heat exchanger, and exchanges
heat between the refrigerant and the air in the warehouse.
The internal fan (52) is arranged near the internal heat
exchanger (54). The internal fan (52) supplies the air in
the warehouse to the internal heat exchanger (54).
[0067] The utilization circuit (51) includes an internal
bypass channel (58) that bypasses the internal expan-
sion valve (30). An internal check valve (CV8) is connect-
ed to the internal bypass channel (58). The internal check
valve (CV8) allows the refrigerant to flow from the internal
heat exchanger (54) to the heating pipe (55), and pro-
hibits the refrigerant from flowing in the opposite direc-
tion.

<Controller>

[0068] A controller (100), which is a control unit, in-
cludes a microcomputer mounted on a control board, and
a memory device (specifically, a semiconductor memory)
storing software for operating the microcomputer. The
controller (100) controls various components of the re-
frigeration apparatus (1) based on detection signals of
various sensors.
[0069] As illustrated in FIG. 2, the controller (100) in-
cludes an outdoor controller (101) provided in the outdoor
unit (10) and an internal controller (102) provided in the
internal unit (50). The outdoor controller (101) is able to
communicate with the internal controller (102).
[0070] The outdoor controller (101) serving as the con-
trol unit is connected to various sensors, such as the first
to third discharge temperature sensors (71 to 73), the
liquid temperature sensor (74), the first and second tem-
perature sensors (75, 76), and the pressure sensor (77),
via communication lines. The outdoor controller (101) is

11 12 



EP 4 033 178 A1

9

5

10

15

20

25

30

35

40

45

50

55

connected to the components of the refrigerant circuit
(2), such as the injection valve (26), the first to third motor-
operated valves (27 to 29), and the outdoor fan (15), via
communication lines.
[0071] The internal controller (102) is connected to the
components of the refrigerant circuit (2), such as the in-
ternal expansion valve (30) and the internal fan (52), via
communication lines.
[0072] The outdoor controller (101) receives a signal
from the internal controller (102) and controls the four-
way switching valve (24) for switching between the first
refrigeration cycle and the second refrigeration cycle.
When the four-way switching valve (24) is switched to
the first state, the first refrigeration cycle is performed. In
the first refrigeration cycle, the outdoor heat exchanger
(14) serves as a radiator, and the internal heat exchanger
(54) serves as an evaporator. In the first refrigeration
cycle, a refrigeration operation for cooling the air in the
warehouse is performed. When the four-way switching
valve (24) is switched to the second state, the second
refrigeration cycle is performed. In the second refrigera-
tion cycle, the internal heat exchanger (54) serves as a
radiator, and the outdoor heat exchanger (14) serves as
an evaporator. In the second refrigeration cycle, a de-
frosting operation for removing frost adhering to the in-
ternal heat exchanger (54) is performed.

<Regulation Mechanism>

[0073] The regulation mechanism (80) includes the in-
jection valve (26) and the controller (100). Before the first
refrigeration cycle is switched to the second refrigeration
cycle, the regulation mechanism (80) performs a first op-
eration of reducing the capability of the second channel
(40b) of cooling the refrigerant in the first channel (40a).
[0074] In the first operation, the controller (100) con-
trols the opening degree of the injection valve (26) to
reduce the cooling capability.
[0075] In the first operation, the reduction of the cooling
capability raises the temperature of the refrigerant flow-
ing through the first channel (40a). The cooling capability
is represented by, for example, a value obtained by mul-
tiplying a difference between specific enthalpies of the
refrigerant at the outlet and inlet of the second channel
(40b) by the flow rate of the refrigerant flowing through
the second channel (40b).
[0076] When the temperature of the refrigerant flowing
through the first channel (40a) exceeds a predetermined
value, the four-way switching valve (24) switches from
the first state to the second state. In other words, the
switching mechanism (24) switches from the first refrig-
eration cycle to the second refrigeration cycle. The pre-
determined value is a target temperature (target TL) of
the refrigerant that comes from the first channel (40a)
and flows through the third pipe (33) in the first state.
Details of the target temperature (target TL) will be de-
scribed later.

-Operation-

<Cooling Operation>

[0077] In the cooling operation, the compressors (21
to 23), the outdoor fan (15), and the internal fan (52)
operate. The four-way switching valve (24) is set to the
first state, and the outdoor expansion valve (25) is fully
closed. The opening degrees of the internal expansion
valve (30), the injection valve (26), and the first to third
motor-operated valves (27 to 29) are suitably adjusted.
The sixth motor-operated valve (53) is fully closed, and
no refrigerant flows through the connection pipe (49).
[0078] In the cooling operation, the four-way switching
valve (24) is in the first state. In the first state, the first
refrigeration cycle is performed in which the outdoor heat
exchanger (14) serves as a condenser (radiator), and
the internal heat exchanger (54) serves as an evaporator.
[0079] As illustrated in FIG. 3, the refrigerant com-
pressed by the first low-pressure compressor (22) and
the second low-pressure compressor (23) flows through
the second junction pipe (47) in the cooling operation.
This refrigerant passes through the four-way switching
valve (24) and the first suction pipe (44), and is introduced
into the compression chamber of the high-pressure com-
pressor (21). The high-pressure refrigerant compressed
by the high-pressure compressor (21) passes through
the first discharge pipe (41) and the four-way switching
valve (24), and flows into the outdoor heat exchanger
(14). The refrigerant dissipates heat to the outdoor air in
the outdoor heat exchanger (14). The refrigerant that has
dissipated heat in the outdoor heat exchanger (14) flows
through the first pipe (31). The seventh outdoor check
valve (CV7) and the sixth outdoor check valve (CV6) reg-
ulate the refrigerant flowing through the fifth pipe (35)
and the fourth pipe (34) which are part of the bypass
channel (70). Thus, the refrigerant flows into the receiver
(39), and passes through the second pipe (32) and the
first channel (40a) of the subcooling heat exchanger (40).
[0080] When the injection valve (26) is opened, part of
the refrigerant in the third pipe (33) flows through the first
branch pipe (61). The refrigerant in the first branch pipe
(61) is decompressed by the injection valve (26), and
then flows through the second channel (40b) of the sub-
cooling heat exchanger (40). In the subcooling heat ex-
changer (40), heat exchange occurs between the refrig-
erant in the second channel (40b) and the refrigerant in
the first channel (40a). The refrigerant in the second
channel (40b) absorbs heat from the refrigerant in the
first channel (40a) and evaporates. This cools the refrig-
erant in the first channel (40a), increasing the degree of
subcooling of the refrigerant.
[0081] The refrigerant that has flowed through the sec-
ond channel is introduced into the compression cham-
bers of the compressors (21 to 23) from the injection
pipes (63 to 65) via the relay pipe (62).
[0082] The refrigerant cooled in the first channel (40a)
flows through the third pipe (33) and the liquid connection
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pipe (3), and is sent to the internal unit (50).
[0083] In the internal unit (50), the refrigerant passes
through the heating pipe (55), and is decompressed by
the internal expansion valve (30). The refrigerant flows
into the internal heat exchanger (54), and absorbs heat
from the air in the warehouse to evaporate. Thus, the air
in the warehouse is cooled.
[0084] The refrigerant evaporated in the internal heat
exchanger (54) is sent to the outdoor unit (10) through
the gas connection pipe (4). This refrigerant flows
through the first junction pipe (48), and is sucked into the
first low-pressure compressor (22) and the second low-
pressure compressor (23). This circulation of the refrig-
erant achieves the cooling operation of maintaining the
temperature in the refrigeration warehouse at a set tem-
perature.

<Defrosting Operation>

[0085] In the defrosting operation, the high-pressure
compressor (21) and the outdoor fan (15) operate, and
the internal fan (52) stops. The four-way switching valve
(24) is set to the second state, and the internal expansion
valve (30) is fully closed. The sixth motor-operated valve
(53) is fully opened. In the defrosting operation, the re-
frigerant may flow through the injection circuit (60) as in
the cooling operation. The injection valve (26) may be
fully closed so that no refrigerant flows through the injec-
tion circuit (60).
[0086] In the defrosting operation, the four-way switch-
ing valve (24) is in the second state. In the second state,
the second refrigeration cycle is performed in which the
outdoor heat exchanger (14) serves as an evaporator,
and the internal heat exchanger (54) serves as a con-
denser (radiator).
[0087] As illustrated in FIG. 4, the refrigerant com-
pressed in the high-pressure compressor (21) flows
through the first discharge pipe (41), the four-way switch-
ing valve (24), the second junction pipe (47), the connec-
tion pipe (49), and the first junction pipe (48) in this order
in the defrosting operation. This refrigerant is sent to the
internal unit (50) through the gas connection pipe (4).
The refrigerant flows through the internal heat exchanger
(54) in the internal unit (50). The refrigerant melts the
frost on the surface of the internal heat exchanger (54).
The refrigerant that has dissipated heat in the internal
heat exchanger (54) flows through the internal bypass
channel (58) and the heating pipe (55). This refrigerant
flows through the liquid connection pipe (3), and is sent
to the outdoor unit (10).
[0088] The refrigerant in the outdoor unit (10) enters
the fourth pipe (34) from the third pipe (33). The refrig-
erant then flows through the first pipe (31), the receiver
(39), and the second pipe (32) in this order. This refrig-
erant enters the fifth pipe (35), and is then decompressed
by the outdoor expansion valve (25). A flow of this refrig-
erant into the first channel (40a) is regulated. This is be-
cause, as described above, the differential pressure

across the fifth outdoor check valve (CV5) prohibits the
refrigerant from flowing through the fifth outdoor check
valve (CV5). The refrigerant flowing through the fifth pipe
(35) passes through the first pipe (31), and then flows
into the outdoor heat exchanger (14).
[0089] In the outdoor heat exchanger (14), the low-
pressure refrigerant exchanges heat with the outdoor air
to evaporate. The refrigerant evaporated in the outdoor
heat exchanger (14) passes through the four-way switch-
ing valve (24) and the first suction pipe (44), and is intro-
duced into the compression chamber of the high-pres-
sure compressor (21). This circulation of the refrigerant
achieves the defrosting operation of removing the frost
adhering to the internal heat exchanger (54).

-Problem at the time of Switching from Second Refriger-
ation Cycle to First Refrigeration Cycle-

[0090] The direction of the refrigerant flowing in the
first refrigeration cycle and the direction of the refrigerant
flowing in the second refrigeration cycle are opposite to
each other. Thus, when the refrigeration apparatus (1)
including the subcooling heat exchanger (40) connected
between the channel of the outdoor heat exchanger (14)
and the channel of the internal heat exchanger (54) is
switched from the first refrigeration cycle to the second
refrigeration cycle, a relatively high-temperature refrig-
erant flows from the internal heat exchanger (54) into the
channel (first channel (40a)) of the subcooling heat ex-
changer (40). If the high-temperature refrigerant sudden-
ly flows into the first channel (40a) that has been cooled
in the first refrigeration cycle, thermal stress on the sub-
cooling heat exchanger (40) increases due to the tem-
perature difference. This may damage the subcooling
heat exchanger (40).
[0091] Strictly speaking, the refrigerant does not con-
tinuously flow through the first channel (40a) in the de-
frosting operation (second refrigeration cycle). Since the
refrigerant has a higher pressure at the outlet of the fifth
outdoor check valve (CV5) than at the inlet of the fifth
outdoor check valve (CV5), the refrigerant is prohibited
from continuously flowing from the first channel (40a) to
the third pipe (33). This is because the pressure of the
refrigerant in the first channel (40a) corresponds to the
pressure of the refrigerant decompressed by the outdoor
expansion valve (25).
[0092] However, as illustrated in FIG. 4, part of the re-
frigerant flowing from the receiver (39) into the second
pipe (32) goes into the first channel (40a) at the start of
the defrosting operation. If the high-temperature refrig-
erant suddenly flows into the first channel (40a) that has
been cooled in the first refrigeration cycle, thermal stress
on the subcooling heat exchanger (40) increases, and
the subcooling heat exchanger (40) may be damaged.
[0093] In consideration of such a problem, the refrig-
eration apparatus (1) of the present embodiment per-
forms the following operation before switching from the
first refrigeration cycle to the second refrigeration cycle
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in order to keep the thermal stress in the first channel
(40a) from increasing.

<First Operation>

[0094] A first operation will be described in detail be-
low. When a condition for starting the defrosting opera-
tion is met in the cooling operation, the internal controller
(102) transmits a defrost request signal. The outdoor con-
troller (101) receives the request for the defrosting oper-
ation. The outdoor controller (101) serving as the regu-
lation mechanism (80) performs the first operation. Spe-
cifically, in the first operation, the outdoor controller (101)
controls the injection valve (26) and the second and third
motor-operated valves (28, 29).
[0095] As illustrated in FIG. 5, receiving a command
to execute the first operation, the outdoor controller (101)
stores the current opening degree (Pls1) of the injection
valve (26) in Step ST1.
[0096] In Step ST2, the outdoor controller (101) deter-
mines whether a condition indicating that the discharge
temperature of the compression element (20) is high is
met. Specifically, the outdoor controller (101) determines
whether a condition indicating that the second discharge
temperature (Td2) of the first low-pressure compressor
(22) and the third discharge temperature (Td3) of the
second low-pressure compressor (23) are both high is
met. More specifically, the outdoor controller (101) de-
termines whether the following conditions a) and b) are
met in Step ST2.

a) The second discharge temperature (Td2) of the
first low-pressure compressor (22) is lower than a
predetermined value. The predetermined value is,
for example, 95°C.
b) The third discharge temperature (Td3) of the sec-
ond low-pressure compressor (23) is lower than a
predetermined value. The predetermined value is,
for example, 95°C.

[0097] If both of the conditions a) and b) are met in
Step ST2, the process proceeds to Step ST3. If at least
one of the conditions a) or b) is not met in Step ST2, the
process proceeds to Steps ST4 to ST6.
[0098] In Step ST3, the outdoor controller (101) per-
forms first control to reduce the opening degree of the
injection valve (26) so that the flow rate of the refrigerant
in the second channel (40b) decreases. The first control
lowers the flow rate of the refrigerant flowing through the
second channel (40b). Thus, the amount of heat ex-
changed between the refrigerant in the second channel
(40b) and the refrigerant in the first channel (40a) de-
creases. This reduces the capability of the second chan-
nel (40b) of cooling the refrigerant in the first channel
(40a). As a result, the temperature of the refrigerant flow-
ing through the first channel (40a) rises, and the temper-
ature (TL) of the refrigerant in the third pipe (33) rises.
[0099] The outdoor controller (101) performs the first

control until the refrigerant temperature (TL) of the third
pipe (33) detected by the liquid temperature sensor (74)
reaches the target temperature (target TL). A thermal
stress is applied to the subcooling heat exchanger (40)
due to the difference in temperature of the refrigerant
before and after switching from the cooling operation (first
refrigeration cycle) to the defrosting operation (second
refrigeration cycle). The outdoor controller (101) sets the
target temperature (target TL) to a temperature at which
the subcooling heat exchanger (40) can withstand the
thermal stress. Specifically, the outdoor controller (101)
sets the target temperature (target TL) to the lower one
of temperature A or temperature B. The temperature A
is calculated based on a target temperature of the refrig-
erant discharged from the compression element (20) dur-
ing the defrosting operation. The temperature A is calcu-
lated also in consideration of the number of times of the
defrosting operation and the temperature of the liquid
refrigerant during the cooling operation. The temperature
B is a saturation temperature corresponding to the high
pressure during the cooling operation.
[0100] In the first control, the outdoor controller (101)
sets an upper limit value of a control range of the opening
degree of the injection valve (26). This upper limit value
is the opening degree (Pls1) stored in Step ST1. Thus,
in the first control, the outdoor controller (101) adjusts
the opening degree of the injection valve (26) within a
range not exceeding the upper limit opening degree
(Pls1).
[0101] In Step ST4, the outdoor controller (101) per-
forms second control to increase the opening degree of
the injection valve (26) so that the pressure of the refrig-
erant in the second channel (40b) rises. The second con-
trol raises the evaporation temperature of the refrigerant
in the second channel (40b). This reduces the capability
of the second channel (40b) of cooling the refrigerant in
the first channel (40a). As a result, the temperature of
the refrigerant flowing through the first channel (40a) ris-
es, and the temperature (TL) of the refrigerant in the third
pipe (33) rises.
[0102] The outdoor controller (101) performs the sec-
ond control until the pressure (MP) detected by the pres-
sure sensor (77) reaches a target intermediate pressure
(target MP). The target intermediate pressure (target MP)
is calculated based on the saturation pressure corre-
sponding to the target temperature (target TL) of the re-
frigerant in the third pipe (33).
[0103] In Step ST5, the outdoor controller (101) adjusts
the opening degree of the second motor-operated valve
(28) so that the second discharge temperature (Td2) ap-
proaches a predetermined value. Specifically, the out-
door controller (101) adjusts the amount of the refrigerant
introduced into an intermediate pressure portion of the
first low-pressure compressor (22). The predetermined
value is, for example, 95°C.
[0104] In Step ST6, the outdoor controller (101) adjusts
the opening degree of the third motor-operated valve (29)
so that the third discharge temperature (Td3) approaches
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a predetermined value. Specifically, the outdoor control-
ler (101) adjusts the amount of the refrigerant introduced
into an intermediate pressure portion of the second low-
pressure compressor (23). The predetermined value is,
for example, 95°C.
[0105] In Step ST7, the outdoor controller (101) deter-
mines whether the temperature (TL) of the refrigerant in
the third pipe (33) is higher than the target temperature
(target TL). If the temperature (TL) of the refrigerant in
the third pipe (33) is higher than the target temperature
(target TL), the outdoor controller (101) finishes the first
operation, and the process proceeds to Step ST8. If the
temperature (TL) of the refrigerant in the third pipe (33)
is equal to or lower than the target temperature (target
TL), the process proceeds to Step ST2.
[0106] In Step ST8, the outdoor controller (101) switch-
es the four-way switching valve (24) from the first state
to the second state to switch the first refrigeration cycle
to the second refrigeration cycle (start the defrosting op-
eration).

-Advantages of Embodiment-

[0107] The heat source unit of the embodiment in-
cludes: a heat source circuit (11) including a compression
element (20), a heat source heat exchanger (14), a sub-
cooling heat exchanger (40), and a switching mechanism
(24), the heat source unit being connected to a utilization
unit (50) having a utilization heat exchanger (54) to con-
stitute a refrigerant circuit (2) that performs a refrigeration
cycle. The switching mechanism (24) is configured to
switch the refrigeration cycle between a first refrigeration
cycle in which the heat source heat exchanger (14)
serves as a radiator and the utilization heat exchanger
(54) serves as an evaporator and a second refrigeration
cycle in which the utilization heat exchanger (54) serves
as a radiator and the heat source heat exchanger (14)
serves as an evaporator. The subcooling heat exchanger
(40) has a first channel (40a) connected to a middle por-
tion of a liquid pipe (32, 33) through which a liquid refrig-
erant in the heat source circuit (11) flows, and a second
channel (40b) through which a heating medium for cool-
ing the refrigerant in the first channel (40a) flows. The
heat source unit further comprises a regulation mecha-
nism configured to perform a first operation of reducing
a capability of the second channel (40b) of cooling the
refrigerant in the first channel (40a) before switching from
the first refrigeration cycle to the second refrigeration cy-
cle.
[0108] In this configuration, the first operation is per-
formed before the first refrigeration cycle is switched to
the second refrigeration cycle, thereby reducing the ca-
pability of the second channel (40b) of cooling the refrig-
erant in the first channel (40a). As a result, the temper-
ature of the refrigerant in the first channel (40a) rises.
This can reduce the increase in thermal stress on the
subcooling heat exchanger (40) caused by the high-tem-
perature refrigerant flowing into the first channel (40a).

This can protect the subcooling heat exchanger (40) from
damage.
[0109] According to the embodiment, the switching
mechanism (24) switches to the second refrigeration cy-
cle when the temperature of the refrigerant in the first
channel (40a) exceeds a predetermined value in the first
operation.
[0110] In this configuration, the second refrigeration
cycle starts when the temperature of the refrigerant in
the first channel (40a) is higher than the predetermined
value. The predetermined value is the target temperature
(target TL) of the refrigerant that flows from the first chan-
nel (40a) to the third pipe (33). The target temperature
(TL) is a temperature at which the subcooling heat ex-
changer (40) can withstand the thermal stress caused
by the high-temperature refrigerant flowing from the in-
ternal heat exchanger (54) into the first channel (40a) in
the defrosting operation (second refrigeration cycle).
This can reliably protect the subcooling heat exchanger
(40) from damage even if the high-temperature refriger-
ant flows into the first channel (40a) just after the start of
the defrosting operation (second refrigeration cycle).
[0111] According to the embodiment, the heat source
circuit (11) includes: an injection circuit (60) having one
end branched from the liquid pipe (32, 33) and the other
end communicating with an intermediate pressure por-
tion of the compression element (20), and including the
second channel (40b) through which a refrigerant as the
heating medium flows; and an expansion valve (26) con-
nected to an upstream side of the second channel (40b)
in the injection circuit (60). The regulation mechanism
(80) includes the expansion valve (26) and a control unit
(101) configured to control an opening degree of the ex-
pansion valve (26) so that the cooling capability is re-
duced in the first operation.
[0112] In this configuration, the outdoor controller
(101) controls the opening degree of the expansion valve
(26). The expansion valve (26) regulates the pressure
and flow rate of the refrigerant flowing into the second
channel (40b). This can reliably reduce the refrigerating
capacity of the second channel (40b).
[0113] In addition, the injection circuit (60) communi-
cates with the intermediate pressure portion of each of
the compressors (21 to 23). Thus, the refrigerant flowing
through the injection circuit (60) can be injected into each
of the compressors (21 to 23).
[0114] The injected refrigerant can lower the temper-
atures (Td2, Td3) of the refrigerant discharged from the
first and second low-pressure compressors (21, 22).
[0115] According to the embodiment, the control unit
(101) performs the first control in the first operation to
reduce the opening degree of the expansion valve (26)
so that the flow rate of the refrigerant in the second chan-
nel (40b) decreases.
[0116] In this configuration, the first control lowers the
flow rate of the refrigerant flowing into the second channel
(40b).
Thus, the amount of heat exchanged between the refrig-
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erant in the second channel (40b) and the refrigerant in
the first channel (40a) can be reduced. This can reliably
reduce the cooling capability of the second channel
(40b).
[0117] According to the embodiment, the control unit
(101) performs the second control in the first operation
to increase the opening degree of the expansion valve
(26) so that the pressure of the refrigerant in the second
channel (40b) rises.
[0118] In this configuration, the second control raises
the evaporation temperature of the refrigerant in the sec-
ond channel (40b). This reduces the capability of the sec-
ond channel (40b) of cooling the refrigerant in the first
channel (40a).
[0119] The increased opening degree of the injection
valve (26) (expansion valve) can introduce the refrigerant
from the injection circuit (60) to the first low-pressure
compressor (22) and the second low-pressure compres-
sor (23). This can control the second discharge temper-
ature (Td2) of the first low-pressure compressor (22) and
the third discharge temperature (Td3) of the second low-
pressure compressor (23).
[0120] According to the embodiment, the control unit
(101) performs, in the first operation, first control to re-
duce the opening degree of the expansion valve (26) so
that a flow rate of the refrigerant in the second channel
(40b) decreases when a condition indicating that a dis-
charge temperature, which is a temperature of the refrig-
erant discharged from the compression element (20), is
low is met, and second control to increase the opening
degree of the expansion valve (26) so that a pressure of
the refrigerant in the second channel (40b) rises when a
condition indicating that the discharge temperature of the
compression element (20) is high is met.
[0121] In this configuration, the first control reduces
the opening degree of the injection valve (26), thereby
quickly reducing the cooling capability of the second
channel (40b). The temperature of the refrigerant in the
first channel (40a) can be easily raised without regulating
the discharge temperatures (Td2, Td3) of the first and
second low-pressure compressors (22, 23). The second
control increases the opening degree of the injection
valve (26), thereby reducing the cooling capability of the
second channel (40b). The refrigerant is introduced into
the first and second low-pressure compressors (22, 23),
and thus, the discharge temperatures (Td2, Td3) of the
first and second low-pressure compressors (22, 23) can
be reliably reduced.
[0122] According to the embodiment, the heat source
circuit (11) includes a flow rate regulating valve (28, 29)
connected to a downstream side of the second channel
(40b) in the injection circuit (60), and the second control
performed in the first operation regulates an opening de-
gree of the flow rate regulating valve (28, 29) so that a
discharge temperature of the refrigerant discharged from
the compression element (20) approaches a predeter-
mined value.
[0123] In this configuration, adjustment of the opening

degrees of the second motor-operated valve (28) and
the third motor-operated valve (29), which are the flow
rate regulating valves, can regulate the amount of refrig-
erant introduced into the first and second low-pressure
compressors (22, 23). This can control the discharge
temperatures (Td2, Td3) of the first and second low-pres-
sure compressors (22, 23). As a result, an increase in
temperature of the refrigerant flowing into the high-pres-
sure compressor (21) is reduced, keeping the degree of
superheat of the refrigerant discharged from the high-
pressure compressor (21) from excessively increasing.
[0124] The heat exchange unit of the embodiment in-
cludes: a subcooling heat exchanger (40) having the first
channel (40a) and the second channel (40b); a bypass
channel (70) configured to allow at least part of the re-
frigerant that has dissipated heat in the utilization heat
exchanger (54) to bypass the first channel (40a) in the
second refrigeration cycle; and a channel switching
mechanism (180) configured to regulate the refrigerant
flowing through the first channel (40a) and allow the re-
frigerant to flow through the bypass channel (70) in the
second refrigeration cycle.
[0125] In this configuration, all or part of the refrigerant
flows through the bypass channel (70) when the second
refrigeration cycle starts. Thus, the refrigerant flowing
through the first channel (40a) can be regulated in the
second refrigeration cycle. Thus, the thermal stress on
the subcooling heat exchanger (40) can be kept from
increasing even if a relatively high-temperature refriger-
ant flows into the outdoor unit (10) immediately after
switching from the first refrigeration cycle to the second
refrigeration cycle. This can avoid damage to the sub-
cooling heat exchanger (40).
[0126] In addition, the refrigerant flowing through the
bypass channel (70) is regulated in the first refrigeration
cycle. Thus, a sufficient amount of refrigerant can flow
through the first channel (40a) of the subcooling heat
exchanger (40) during the first refrigeration cycle. This
can improve the cooling capability of the internal unit (50).
[0127] According to the embodiment, the compression
element (20) is a two-stage compression element having
a first compression section (22, 23) and a second com-
pression section (21), and is configured to compress the
refrigerant in the first compression section (22, 23) and
then compress the refrigerant again in the second com-
pression section (21) in the first refrigeration cycle.
[0128] In this configuration, the evaporation pressure
in the first refrigeration cycle is lower than that of a single-
stage compressor. Thus, the refrigerant is cooled in the
first channel (40a) to a relatively low temperature (e.g.,
-35°C) in the first refrigeration cycle. When the first re-
frigeration cycle is switched to the second refrigeration
cycle, the relatively high-temperature refrigerant that has
received heat in the internal heat exchanger (54) flows
into the heat source circuit (11). Thus, the two-stage com-
pression element has a significant problem of high ther-
mal stress on the subcooling heat exchanger (40) due to
the temperature difference. However, the heat source
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circuit (11) of the present embodiment having the regu-
lation mechanism (80) can reduce the refrigerating ca-
pacity of the second channel (40b) in the first operation.
Thus, the outdoor unit (10) including the compression
element configured as the two-stage compression ele-
ment can reduce an increase in thermal stress in the first
channel (40a) due to the switching from the first refriger-
ation cycle to the second refrigeration cycle.

«First Variation»

[0129] A first variation has been made by partially mod-
ifying the configuration of the heat source unit (10) of the
embodiment. Thus, the following description will be fo-
cused on the differences with the embodiment.

<Injection Circuit>

[0130] As illustrated in FIG. 6, one end of the relay pipe
(62) in the injection circuit (60) is connected to an outflow
end of the second channel (40b). The other end of the
relay pipe (62) communicates with the suction portion of
the first low-pressure compressor (22) and the suction
portion of the second low-pressure compressor. Specif-
ically, the relay pipe (62) has one end connected to one
end of the second channel (40b), and the other end con-
nected to the middle of the first junction pipe (48).
[0131] The relay pipe (62) is provided with a fourth mo-
tor-operated valve (68). The fourth motor-operated valve
(68) is a flow rate regulating valve that regulates the flow
rate of the refrigerant introduced into the first low-pres-
sure compressor (22) and the second low-pressure com-
pressor (23).
[0132] One end of the first injection pipe (63) is con-
nected to an intermediate pressure portion of the high-
pressure compressor (21). The other end of the first in-
jection pipe (63) is connected to one end of the second
injection pipe (64) and one end of the third injection pipe
(65). The other end of the second injection pipe (64) is
connected to an intermediate pressure portion of the first
low-pressure compressor (22), and the other end of the
third injection pipe (65) is connected to an intermediate
pressure portion of the second low-pressure compressor
(23).
[0133] The injection circuit includes a second branch
pipe (66). One end of the second branch pipe (66) is
connected to the first branch pipe (61) between the junc-
tion of the first branch pipe (61) with the third pipe (33)
and the injection valve (26). The other end of the second
branch pipe (66) is connected to the first injection pipe
(63) between the junction of the second injection pipe
(64) and the third injection pipe (65) and the first motor-
operated valve (27).

-Operation-

[0134] According to the first variation, as in the above
embodiment, the refrigerant from the outdoor heat ex-

changer (14) passes through the first channel (40a) and
flows into the third pipe (33) in the cooling operation. Part
of the refrigerant in the third pipe (33) flows into the first
branch pipe (61). The rest of the refrigerant in the third
pipe (33) flows toward the internal heat exchanger (54).
[0135] Part of the refrigerant in the first branch pipe
(61) flows into the second branch pipe (66). The refrig-
erant in the second branch pipe (66) diverges into the
first to third injection pipes (63 to 65). The refrigerant in
each of the first to third injection pipes (63 to 65) has its
flow rate suitably regulated by the corresponding one of
the first to third motor-operated valves (27 to 29), and is
introduced into the intermediate pressure portion of the
corresponding one of the compressors (21 to 23).
[0136] The rest of the refrigerant in the first branch pipe
(61) is decompressed by the injection valve (26), and
flows into the second channel (40b). Heat exchange be-
tween the refrigerant in the second channel (40b) and
the refrigerant in the first channel (40a) cools the refrig-
erant in the first channel (40a).
[0137] The refrigerant that has passed through the sec-
ond channel (40b) flows through the relay pipe (62) and
the first junction pipe (48) in this order. This refrigerant
is diverged into the second suction pipe (45) and the third
suction pipe (46). The diverged flows of the refrigerant
are introduced into the suction portion of the first low-
pressure compressor (22) and the suction portion of the
second low-pressure compressor (23).
[0138] Specifically, according to the first variation, the
outdoor controller (101) controls the injection valve (26)
and the fourth motor-operated valve (68) in the first op-
eration.
[0139] As illustrated in FIG. 7, when the outdoor con-
troller (101) receives a command to execute the first op-
eration, the second discharge temperature sensor (72)
and the third discharge temperature sensor (73) detect
the discharge temperatures (Td2, Td3) of the first and
second low-pressure compressors (22, 23) in Step ST11.
[0140] Specifically, the outdoor controller (101) deter-
mines whether a condition indicating that the second dis-
charge temperature (Td2) of the first low-pressure com-
pressor (22) and the third discharge temperature (Td3)
of the second low-pressure compressor (23) are both
high is met. More specifically, the outdoor controller (101)
determines whether the following conditions a) and b)
are met.

a) The second discharge temperature (Td2) of the
first low-pressure compressor (22) is lower than a
predetermined value. The predetermined value is,
for example, 95°C.
b) The third discharge temperature (Td3) of the sec-
ond low-pressure compressor (23) is lower than a
predetermined value. The predetermined value is,
for example, 95°C.

[0141] If both of the conditions a) and b) are met in
Step ST 11, the process proceeds to Step ST12. If at
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least one of the conditions a) or b) is not met in Step
ST11, the process proceeds to Step ST13.
[0142] In Step ST12, the outdoor controller (101) per-
forms the first control to fully close the injection valve
(26). In the first control, no refrigerant flows into the sec-
ond channel (40b). This reduces the capability of the sec-
ond channel (40b) of cooling the refrigerant in the first
channel (40a). As a result, the temperature of the refrig-
erant in the first channel (40a) rises.
[0143] In Step ST13, the outdoor controller (101) per-
forms the second control to fully open the injection valve
(26). In the second control, the refrigerant that has en-
tered the first branch pipe (61) flows into the second chan-
nel (40b) without being decompressed by the injection
valve (26). This reduces the capability of the second
channel (40b) of cooling the refrigerant in the first channel
(40a). As a result, the temperature of the refrigerant in
the first channel (40a) rises.
[0144] In Step ST14, the outdoor controller (101) ad-
justs the opening degree of the fourth motor-operated
valve (68) so that each of the second discharge temper-
ature (Td2) and the third discharge temperature (Td3)
reaches the target discharge temperature. The refriger-
ant that has passed through the second channel (40b)
passes through the relay pipe (62), and is diverged into
the second suction pipe (45) and the third suction pipe
(46). The divided flows of the refrigerant are respectively
introduced into the suction portions of the first low-pres-
sure compressor (22) and the second low-pressure com-
pressor (23). The outdoor controller (101) controls the
fourth motor-operated valve (68) of the relay pipe (62) to
regulate the flow rate of the refrigerant introduced into
the first low-pressure compressor (22) and the second
low-pressure compressor (23). Thus, the second dis-
charge temperature (Td2) and the third discharge tem-
perature (Td3) are controlled to the target discharge tem-
perature. The target discharge temperature is, for exam-
ple, 95°C.
[0145] In Step ST15, the outdoor controller (101) de-
termines whether the temperature (TL) of the refrigerant
in the third pipe (33) is higher than a target temperature
(target TL). If the temperature (TL) of the refrigerant in
the third pipe (33) is higher than the target temperature
(target TL), the outdoor controller (101) finishes the first
operation, and the process proceeds to Step ST16. If the
temperature (TL) of the refrigerant in the third pipe (33)
is equal to or lower than the target temperature (target
TL), the process proceeds to Step ST11.
[0146] In Step ST16, the outdoor controller (101)
switches the four-way switching valve (24) from the first
state to the second state to switch the first refrigeration
cycle to the second refrigeration cycle (start the defrost-
ing operation).
[0147] In the first variation, the injection valve (26) is
fully opened in the first control, and is fully closed in the
second control. This can reliably reduce the capability of
the second channel (40b) of cooling the refrigerant in the
first channel (40a).

[0148] In the first control, it is only necessary to fully
close the injection valve (26). In the second control, it is
only necessary to fully open the injection valve (26). This
can make the control of the first operation easy.
[0149] In the second control, the refrigerant flowing
through the injection circuit (60) is introduced into the
suction portions of the first low-pressure compressor (22)
and the second low-pressure compressor (23). Also in
the first variation, the discharge temperatures (Td2, Td3)
of the first and second low-pressure compressors (22,
23) can be lowered.

«Second Variation»

[0150] A second variation has been made by partially
modifying the configuration of the heat source unit (10)
of the embodiment. Thus, the following description will
be focused on the differences with the embodiment.

<Injection Circuit>

[0151] As illustrated in FIG. 8, the injection circuit (60)
includes a third branch pipe (67). One end of the third
branch pipe (67) is connected to the first branch pipe (61)
between the junction of the first branch pipe (61) with the
third pipe (33) and the injection valve (26). An outflow
portion of the third branch pipe (67) is connected to inflow
ends of the first to third injection pipes (63 to 65).
[0152] The third branch pipe (67) is provided with a
fifth motor-operated valve (69). The fifth motor-operated
valve (69) is a flow rate regulating valve that regulates
the flow rate of the refrigerant in the third branch pipe (67).

-Operation-

[0153] According to the second variation, as in the
above embodiment, the refrigerant from the outdoor heat
exchanger (14) passes through the first channel (40a)
and flows into the third pipe (33) in the cooling operation.
Part of the refrigerant in the third pipe (33) flows into the
first branch pipe (61). The rest of the refrigerant in the
third pipe (33) flows toward the internal heat exchanger
(54).
[0154] Part of the refrigerant in the first branch pipe
(61) flows into the third branch pipe (67). The refrigerant
in the third branch pipe (67) is diverged into the first to
third injection pipes (63 to 65). The refrigerant in each of
the first to third injection pipes (63 to 65) has its flow rate
suitably regulated by the corresponding one of the first
to third motor-operated valves (27 to 29), and is intro-
duced into the intermediate pressure portion of the cor-
responding one of the compressors (21 to 23).
[0155] The rest of the refrigerant in the first branch pipe
(61) is decompressed by the injection valve (26), and
flows into the second channel (40b). Heat exchange be-
tween the refrigerant in the second channel (40b) and
the refrigerant in the first channel (40a) cools the refrig-
erant in the first channel (40a).
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[0156] The refrigerant that has passed through the sec-
ond channel (40b) flows through the relay pipe (62) and
the first junction pipe (48) in this order. This refrigerant
is diverged into the second suction pipe (45) and the third
suction pipe (46). The diverged flows of the refrigerant
are introduced into the suction portion of the first low-
pressure compressor (22) and the suction portion of the
second low-pressure compressor (23).
[0157] According to the second variation, the controller
(100) controls the injection valve (26) and the fifth motor-
operated valve (69) in the first operation.
[0158] Specifically, the controller (100) fully closes the
injection valve (26) in the first operation. Thus, no refrig-
erant flows into the second channel (40b). This reduces
the capability of the second channel (40b) of cooling the
refrigerant in the first channel (40a).
[0159] The reduction of the cooling capability of the
second channel (40b) raises the temperature of the re-
frigerant in the first channel (40a). When the temperature
detected by the liquid temperature sensor (74) reaches
the target temperature, the first operation ends and the
defrosting operation starts. The target temperature re-
ferred herein is the same as the target temperature de-
scribed in the above embodiment.
[0160] In the first operation, the amounts of refrigerant
introduced into the first and second low-pressure com-
pressors (21, 22) are adjusted so that each of the second
and third discharge temperatures reaches the target dis-
charge temperature. Specifically, the fifth motor-operat-
ed valve (69) regulates the flow rate of the refrigerant
flowing through the third branch pipe (67). This refrigerant
is diverged into the second injection pipe (64) and the
third injection pipe (65). Thereafter, the second motor-
operated valve (28) and the third motor-operated valve
(29) regulate the flow rates of the diverged flows of the
refrigerant. The flows of the refrigerant are introduced
into the intermediate pressure portions of the first and
second low-pressure compressors (21, 22).
[0161] Also in the second variation, the first operation
can reduce the capability of the second channel (40b) of
cooling the refrigerant in the first channel (40a). This can
keep the thermal stress on the subcooling heat exchang-
er (40) from increasing.
[0162] According to the second variation, the injection
valve (26) is fully closed and the flow rate of the refrigerant
introduced into each of the first and second low-pressure
compressors (21, 22) is regulated by the fifth motor-op-
erated valve (69) in the first operation, regardless of the
discharge temperatures (Td2, Td3) of the first and sec-
ond low-pressure compressors (22, 23). This can make
the control of the first operation easy.

«Third Variation»

[0163] As illustrated in FIG. 9, a third variation has been
made by partially modifying the configuration of the out-
door unit (10) of the embodiment. Thus, the following
description will be focused on the differences with the

embodiment.

<Bypass Channel>

[0164] The heat source circuit (11) according to the
third variation includes a sixth pipe (36). The sixth pipe
(36) is a bypass channel (70) that bypasses the first chan-
nel (40a). The sixth pipe (36) is connected to the liquid
pipes (32, 33) in parallel with the subcooling heat ex-
changer (40). Specifically, one end of the sixth pipe (36)
is connected to the second pipe (32). The other end of
the sixth pipe (36) is connected to the third pipe (33)
downstream of the fifth outdoor check valve (CV5). An
eighth outdoor check valve (CV9) is connected to the
sixth pipe (36). The eighth outdoor check valve (CV9)
allows the refrigerant to flow from the internal heat ex-
changer (54) to the outdoor heat exchanger (14) and pro-
hibits the refrigerant from flowing in the opposite direction
in the second refrigeration cycle.

<Channel Switching Mechanism>

[0165] The channel switching mechanism (180) in-
cludes the eighth outdoor check valve (CV9) and the fifth
outdoor check valve (CV5). The fifth outdoor check valve
(CV5) is connected to the third pipe (33) between the
junction of the third pipe (33) with the sixth pipe (36) and
an end of the first channel (40a) toward the internal heat
exchanger (54). The fifth outdoor check valve (CV5) al-
lows the refrigerant to flow from the outdoor heat ex-
changer (14) to the internal heat exchanger (54), and
prohibits the refrigerant from flowing in the opposite di-
rection.

<Injection Circuit, Other Pipes>

[0166] An inflow end of the first branch pipe (61) of the
injection circuit (60) is connected to the third pipe (33)
between the junction of the third pipe (33) with the sixth
pipe (36) and the liquid-side shutoff valve (17). An outflow
portion of the first branch pipe (61) is connected to the
first to third injection pipes (63 to 65).
[0167] One end of the fourth pipe (34) is connected to
the second pipe (32) between the junction with the sixth
pipe (36) and the junction with the fifth pipe (35). The
other end of the fourth pipe (34) is connected to the first
pipe (31) downstream of the fourth outdoor check valve
(CV4).

-Operation-

<Cooling Operation>

[0168] As illustrated in FIG. 10, the refrigerant com-
pressed in the low-pressure compressors (22, 23) and
compressed again in the high-pressure compressor (21)
dissipates heat to the outdoor air in the outdoor heat ex-
changer (14). The refrigerant that has dissipated heat in
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the outdoor heat exchanger (14) flows through the first
pipe (31). The refrigerant flows into the receiver (39), and
then flows through the second pipe (32) toward the sub-
cooling heat exchanger (40). The refrigerant in the sec-
ond pipe (32) flows through the first channel (40a) of the
subcooling heat exchanger (40). The eighth outdoor
check valve (CV9) prohibits the refrigerant from flowing
into the sixth pipe (36) serving as the bypass channel
(70).
[0169] The refrigerant flowing through the first channel
(40a) exchanges heat with the refrigerant flowing through
the second channel (40b), and is cooled. Part of the re-
frigerant that has entered the third pipe (33) flows into
the first branch pipe (61), and the rest of the refrigerant
flows toward the internal heat exchanger (54).
[0170] The refrigerant that has entered the first branch
pipe (61) is introduced from the injection pipes (63 to 65)
into the compression chambers of the compressors (21
to 23).
[0171] The refrigerant flowing toward the internal unit
(50) is sent to the internal unit (50) through the liquid
connection pipe (3).

<Defrosting Operation>

[0172] As illustrated in FIG. 11, the injection valve (26)
is fully closed in the defrosting operation. Thus, no refrig-
erant flows into the second channel (40b).
[0173] In the second refrigeration cycle, the refrigerant
from the internal unit (50) passes through the liquid con-
nection pipe (3) and flows into the third pipe (33). The
refrigerant in the third pipe (33) is blocked from flowing
into the first channel (40a) by the fifth outdoor check valve
(CV5) and passes through the sixth pipe (36) serving as
the bypass channel (70). The refrigerant that has passed
through the sixth pipe (36) flows through the second pipe
(32), the fourth pipe (34), the first pipe (31), the receiver
(39), and the second pipe (32) in this order. The refrig-
erant is decompressed by the outdoor expansion valve
(25), and then passes through the fifth pipe (35) and the
first pipe (31) to flow into the outdoor heat exchanger
(14). The refrigerant flowing into the second pipe (32)
from the sixth pipe (36) does not pass through the first
channel (40a). This is because the differential pressure
across the fifth outdoor check valve (CV5) does not allow
the refrigerant to flow through the fifth outdoor check
valve (CV5). Likewise, the pressure difference across
the fourth outdoor check valve (CV4) does not allow the
refrigerant that has entered the first pipe (31) to flow to-
ward the receiver (39).
[0174] In the third variation, the fifth outdoor check
valve (CV5) and the eighth outdoor check valve (CV9)
prohibit the refrigerant from flowing through the first chan-
nel (40a) and allow the refrigerant to flow through the
bypass channel (70) in the second refrigeration cycle.
Thus, in the second refrigeration cycle, the refrigerant
coming from the internal unit (50) passes through the
sixth pipe (36) serving as the bypass channel (70), and

a flow of the refrigerant through the first channel (40a) is
regulated. Thus, also in the first variation, a flow of a
relatively high-temperature refrigerant into the first chan-
nel (40a) immediately after switching from the first refrig-
eration cycle to the second refrigeration cycle can be
regulated. This can keep the thermal stress on the sub-
cooling heat exchanger (40) from increasing.
[0175] In addition, the channel that the refrigerant flows
can be automatically switched at the switching between
the first refrigeration cycle and the second refrigeration
cycle. Thus, also in the first variation, the thermal stress
on the subcooling heat exchanger (40) can be reliably
kept from increasing immediately after switching from the
first refrigeration cycle to the second refrigeration cycle.
[0176] In the first refrigeration cycle, the entire amount
of the refrigerant flows through the first channel (40a),
and no refrigerant is allowed to pass through the bypass
channel. Thus, the subcooling heat exchanger (40) can
cool the entire amount of refrigerant in the first refriger-
ation cycle.

«Fourth Variation»

[0177] A fourth variation has been made by partially
modifying the configuration of the channel switching
mechanism (180) of the third variation. Thus, the follow-
ing description will be focused on the differences with the
third variation.

<Channel Switching Mechanism>

[0178] As illustrated in FIG. 12, a channel switching
mechanism (180) according to the second variation in-
cludes a first three-way switching valve (81) and a second
three-way switching valve (82).
[0179] The first three-way switching valve (81) is con-
nected to the junction of the second pipe (32) with the
sixth pipe (36). Specifically, the third port (P3) of the first
three-way switching valve (81) is connected to the sec-
ond pipe (32) extending from the outdoor heat exchanger
(14). The second port (P2) is connected to one end of
the sixth pipe (36). The first port (P1) is connected to the
second pipe (32) extending from the first channel (40a).
[0180] The second three-way switching valve (82) is
connected to the junction of the third pipe (33) with the
sixth pipe (36). Specifically, the first port (P1) of the sec-
ond three-way switching valve (82) is connected to the
third pipe (33) extending from the internal heat exchanger
(54). The second port (P2) is connected to the other end
of the sixth pipe (36). The third port (P3) is connected to
the third pipe (33) extending from the first channel (40a).
[0181] The controller (100) controls the channel
switching mechanism (180). In the first state (the state
indicated by the solid curves in FIG. 12), the first port
(P1) and the third port (P3) are connected to each other
in each of the first three-way switching valve (81) and the
second three-way switching valve (82). In the second
state (the state indicated by the broken curves in FIG.
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12), the first port (P1) and the second port (P2) are con-
nected to each other in each of the first three-way switch-
ing valve (P1) and the second three-way switching valve
(P2).
[0182] As illustrated in FIG. 13, the channel switching
mechanism (180) is in the first state in the first refriger-
ation cycle. In the first state, the refrigerant does not flow
into the sixth pipe (36) serving as the bypass channel
(70), but flows through the first channel (40a). Thus, in
the first refrigeration cycle, no refrigerant is allowed to
enter the bypass channel (70), and the entire amount of
the refrigerant can flow through the first channel (40a).
[0183] As illustrated in FIG. 14, the channel switching
mechanism (180) is in the second state in the second
refrigeration cycle. In the second state, the refrigerant
does not flow into the first channel (40a), but flows
through the sixth pipe (36) serving as the bypass channel
(70). Thus, in the second refrigeration cycle, no refriger-
ant is allowed to enter the first channel (40a), and the
entire amount of the refrigerant can flow through the by-
pass channel (70).
[0184] Also in the fourth variation, the refrigerant flow-
ing from the internal heat exchanger (54) bypasses the
first channel (40a) in the second refrigeration cycle. Thus,
the thermal stress on the subcooling heat exchanger (40)
can be kept from increasing immediately after switching
from the first refrigeration cycle to the second refrigera-
tion cycle.

«Fifth Variation»

[0185] A fifth variation has been made by partially mod-
ifying the configuration of the subcooling heat exchanger
(40) of the third and fourth variations. Thus, the following
description will be focused on the differences with the
third and fourth variations.

<Subcooling Circuit>

[0186] As illustrated in FIG. 15, an outdoor unit (10) of
the fifth variation includes a subcooling unit (90). The
subcooling unit (90) includes a subcooling circuit (91)
and a subcooling fan (94).
[0187] The subcooling circuit (91) includes a subcool-
ing compressor (92), a subcooling heat exchanger (93),
a subcooling expansion valve (26), and a second channel
(40b). The subcooling circuit (91) is a refrigerant circuit
independent of the heat source circuit (11). The subcool-
ing circuit (91) is configured to allow the refrigerant as
the heating medium to flow through the subcooling com-
pressor (92), the subcooling heat exchanger (93), the
subcooling expansion valve (26), and the second chan-
nel (40b) in this order.
[0188] The subcooling compressor (92) is a high-pres-
sure dome-shaped hermetic scroll compressor. A com-
pressor section (not shown) and an electric motor (not
shown) that drives the compressor section are connected
to the subcooling compressor (92). The electric motor of

the subcooling compressor (92) is connected to an in-
verter capable of freely changing the number of rotations
of the electric motor within a predetermined range. The
number of rotations of the electric motor can be adjusted
by the inverter, thereby increasing or decreasing the op-
erating capacity of the subcooling compressor (92).
[0189] The subcooling heat exchanger (93) is a fin-
and-tube air heat exchanger. The subcooling fan (94) is
arranged near the subcooling heat exchanger (93). The
subcooling fan (94) transfers outdoor air. The subcooling
heat exchanger (93) exchanges heat between the high-
pressure refrigerant flowing therethrough and the out-
door air transferred from the subcooling fan (94).
[0190] The subcooling expansion valve (26) is an elec-
tronic expansion valve having a variable opening degree.
Adjusting the opening degree of the subcooling expan-
sion valve (26) controls the temperature of the refrigerant
flowing through the second channel (40b).
[0191] The refrigerant that has its pressure reduced by
the subcooling expansion valve (26) flows through the
second channel (40b). The refrigerant flowing through
the second channel (40b) absorbs heat from the refrig-
erant flowing through the first channel (40a) and evapo-
rates.

-Operation-

<Cooling Operation>

[0192] The subcooling compressor (92) and the sub-
cooling fan (94) of the subcooling unit (90) operate in the
cooling operation. The opening degree of the subcooling
expansion valve (26) is suitably adjusted.
[0193] In the subcooling circuit (91), the refrigerant
compressed by the subcooling compressor (92) dissi-
pates heat to the outdoor air in the subcooling heat ex-
changer (93). The refrigerant that has dissipated heat is
decompressed by the subcooling expansion valve (26),
and flows into the second channel (40b). The refrigerant
in the second channel (40b) exchanges heat with the
refrigerant flowing through the first channel (40a), and is
then sucked into the subcooling compressor (92) again.
[0194] In the heat source circuit, as in the third and
fourth variations, the refrigerant compressed in the low-
pressure compressors (22, 23) and the high-pressure
compressor (21) dissipates heat to the outdoor air in the
outdoor heat exchanger (14). The refrigerant that has
dissipated heat flows through the first pipe (31). The re-
frigerant flows into the receiver (39), passes through the
second pipe (32), and flows through the first channel
(40a) of the subcooling heat exchanger (40).
[0195] The refrigerant flowing through the first channel
(40a) exchanges heat with the refrigerant flowing through
the second channel (40b), and is cooled. Part of the re-
frigerant that has entered the third pipe (33) flows into
the first branch pipe (61), and the rest of the refrigerant
flows toward the internal heat exchanger (54).
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<Defrosting Operation>

[0196] The subcooling compressor (92) stops operat-
ing in the defrosting operation. Thus, no refrigerant flows
into the second channel (40b).
[0197] As in the third and fourth variations, the refrig-
erant from the internal unit (50) passes through the liquid
connection pipe (3) and flows into the third pipe (33). The
refrigerant in the third pipe (33) is blocked from flowing
into the first channel (40a) by the fifth outdoor check valve
(CV5) and passes through the sixth pipe (36) serving as
the bypass channel (70). The refrigerant that has passed
through the sixth pipe (36) flows through the second pipe
(32), the fourth pipe (34), the first pipe (31), the receiver
(39), and the second pipe (32) in this order. The refrig-
erant is decompressed by the outdoor expansion valve
(25), and then passes through the fifth pipe (35) and the
first pipe (31) to flow into the outdoor heat exchanger
(14). Note that the pressure difference across the fifth
outdoor check valve (CV5) does not allow the refrigerant
that has entered the second pipe (32) from the sixth pipe
(36) to flow through the first channel (40a). Likewise, the
pressure difference across the fourth outdoor check
valve (CV4) does not allow the refrigerant that has en-
tered the first pipe (31) from the fifth pipe (35) to flow into
the receiver (39).
[0198] Also in the fifth variation, the refrigerant flowing
from the internal heat exchanger (54) bypasses the first
channel (40a) in the second refrigeration cycle. Thus, the
thermal stress on the subcooling heat exchanger (40)
can be kept from increasing immediately after the switch-
ing from the first refrigeration cycle to the second refrig-
eration cycle.
[0199] In addition, the subcooling unit (90) includes the
subcooling circuit (91) that is a refrigerant circuit inde-
pendent of the heat source circuit (11). Thus, the tem-
perature of the refrigerant flowing through the second
channel (40b) can be independently controlled.

«Other Embodiments»

[0200] The above-described embodiment may be
modified as follows.
[0201] The second refrigeration cycle may be a heating
operation in which the internal heat exchanger (54)
serves as a radiator and the outdoor heat exchanger (14)
serves as an evaporator. When the controller (100) re-
ceives an instruction to perform the heating operation
during the cooling operation, the refrigeration apparatus
(1) performs the first operation. When the temperature
of the refrigerant in the first channel (40a) reaches the
target temperature (target TL), the heating operation
starts. After the switching to the heating operation, the
refrigerant flowing from the internal heat exchanger (54)
to the outdoor heat exchanger (14) bypasses the first
channel (40a). Also in this case, the thermal stress on
the subcooling heat exchanger (40) can be kept from
increasing.

[0202] The compression element (20) may be a single-
stage compression element. In this case, the high-pres-
sure compressor (21) operates, and the first low-pres-
sure compressor (22) and the second low-pressure com-
pressor (23) stop operating in the first refrigeration cycle
(cooling operation) of the above embodiment. The sixth
motor-operated valve (53) is fully opened. The refrigerant
that has entered the first junction pipe (48) from the in-
ternal heat exchanger (54) flows through the connection
pipe (49), and is sucked into the high-pressure compres-
sor (21). The refrigerant compressed by the high-pres-
sure compressor (21) flows through the outdoor heat ex-
changer (14), the receiver (39), and the subcooling heat
exchanger (40), as in the above embodiment. In this way,
the refrigerant flows through the refrigerant circuit (2).
[0203] The compression element (20) may be a single-
stage compression element having a plurality of com-
pressors connected in parallel.
[0204] In the above embodiment, the first control in the
first operation (Step ST3 in FIG. 5) may fully close the
injection valve (26). In this case, no refrigerant flows into
the second channel (40b), reducing the capability of the
second channel (40b) of cooling the refrigerant in the first
channel (40a).
[0205] In the above embodiment, the second control
in the second operation (Step ST4 in FIG. 5) may fully
open the injection valve (26). In this case, the refrigerant
is not decompressed by the injection valve (26), reducing
the capability of the second channel (40b) of cooling the
refrigerant in the first channel (40a).
[0206] In the above embodiment, the value of the tem-
perature (Tg1) of the refrigerant flowing into the second
channel (40b) detected by the first temperature sensor
(75) may be replaced with a value of the pressure sensor
(77) converted to a saturated liquid temperature. The val-
ue of the pressure (MP) of the refrigerant in the relay pipe
(62) detected by the pressure sensor (77) may be re-
placed with a value of the first temperature sensor (75)
converted to a saturated liquid pressure.
[0207] In the above embodiment and variations, the
heat source unit (10) may have no bypass channel (70).
Likewise, the heat source unit (10) may have no channel
switching mechanism (180).
[0208] In the above embodiment, the utilization circuit
(51) may have no internal bypass channel (58). In this
case, the internal expansion valve (30) is an electronic
expansion valve having a variable opening degree. When
the internal heat exchanger (54) functions as a radiator,
the internal expansion valve (30) is fully opened.
[0209] The channel switching mechanism (180) may
be a motor-operated valve having a variable opening de-
gree. Specifically, the fifth outdoor check valve (CV5) and
sixth outdoor check valve (CV6) of the above embodi-
ment and the fifth outdoor check valve (CV5) and eighth
outdoor check valve (CV9) of the third variation may be
motor-operated valves. In the first and second refrigera-
tion cycles, adjusting the opening degrees of the motor-
operated valves can regulate the flow rate of the refrig-
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erant in the first channel (40a) and the flow rate of the
refrigerant in the bypass channel (70). This allows at least
part of the refrigerant to flow through the bypass channel
(70) in the second refrigeration cycle. Thus, the regula-
tion of the flow rate of the refrigerant in the bypass chan-
nel (70) can keep the thermal stress on the subcooling
heat exchanger (40) from increasing in the second re-
frigeration cycle. Also in the first refrigeration cycle, the
regulation allows at least part of the refrigerant to flow
through the bypass channel (70). This can control the
amount of refrigerant that exchanges heat in the first
channel (40a) in the first refrigeration cycle.
[0210] The channel switching mechanism (180) may
be an on-off valve that simply opens and closes. Specif-
ically, the fifth outdoor check valve (CV5) and sixth out-
door check valve (CV6) of the above embodiment and
the fifth outdoor check valve (CV5) and eighth outdoor
check valve (CV9) of the third variation may be on-off
valves that simply open and close. In the first refrigeration
cycle, one of the valves is opened to allow the refrigerant
to flow through the first channel (40a), and the other is
closed to block the refrigerant from flowing through the
bypass channel (70). Thus, the entire amount of the re-
frigerant can flow through the first channel (40a). In the
second refrigeration cycle, one of the valves is closed to
block the refrigerant from flowing through the first channel
(40a), and the other is opened to allow the refrigerant to
flow through the bypass channel (70). This allows the
entire amount of refrigerant to flow through the bypass
channel (70).
[0211] As illustrated in FIG. 16, the channel switching
mechanism (180) of the third and fourth variations may
include the first three-way switching valve (81) and the
fifth outdoor check valve (CV5). In the first refrigeration
cycle, the first port (P1) and third port (P3) of the first
three-way switching valve (81) are connected to each
other. Thus, the refrigerant is prohibited from flowing into
the sixth pipe (36) in the first refrigeration cycle. This al-
lows the entire amount of refrigerant to flow through the
first channel (40a) in the first refrigeration cycle.
[0212] In the second refrigeration cycle, the first port
(P1) and second port (P2) of the first three-way switching
valve (81) are connected to each other. Thus, the refrig-
erant is prohibited from flowing into the first channel (40a)
in the second refrigeration cycle. This allows the entire
amount of refrigerant to flow through the sixth pipe (36)
in the second refrigeration cycle.
[0213] As illustrated in FIG. 17, the channel switching
mechanism (180) of the third and fourth variations may
include the second three-way switching valve (82) and
the eighth outdoor check valve (CV9). In the first refrig-
eration cycle, the first port (P1) and third port (P3) of the
second three-way switching valve (82) are connected to
each other. Thus, the refrigerant is prohibited from flow-
ing into the sixth pipe (36) in the first refrigeration cycle.
This allows the entire amount of refrigerant to flow
through the first channel (40a) in the first refrigeration
cycle.

[0214] In the second refrigeration cycle, the first port
(P1) and second port (P2) of the second three-way
switching valve (82) are connected to each other. Thus,
the refrigerant is prohibited from flowing into the first
channel (40a) in the second refrigeration cycle. This al-
lows the entire amount of refrigerant to flow through the
sixth pipe (36) in the second refrigeration cycle.
[0215] As illustrated in FIG. 18, the channel switching
mechanism (180) of the third and fourth variations may
include the second three-way switching valve (82) only.
In the first refrigeration cycle, the first port (P1) and third
port (P3) of the second three-way switching valve (82)
are connected to each other. In the second refrigeration
cycle, the first port (P1) and second port (P2) of the sec-
ond three-way switching valve (82) are connected to
each other.
[0216] The injection circuit (60) is not limited to the one
described in the above embodiment. The injection circuit
(60) may be modified as appropriate without deteriorating
intended functions disclosed in the above embodiment.
[0217] In the above embodiment, the utilization circuit
(51) may have no internal bypass channel (58). In this
case, the internal expansion valve (30) is an electronic
expansion valve having a variable opening degree. When
the internal heat exchanger (54) functions as a radiator,
the internal expansion valve (30) is fully opened.
[0218] The outdoor expansion valve (25) of the above
embodiment may be connected to the second pipe (32)
between the receiver (39) and the end of the fifth pipe
(35) connected to the second pipe (32).
[0219] While the embodiment and variations thereof
have been described above, it will be understood that
various changes in form and details may be made without
departing from the spirit and scope of the claims. The
embodiment and the variations thereof may be combined
and replaced with each other without deteriorating in-
tended functions of the present disclosure. The ordinal
numbers such as "first," "second," "third," ..., described
above are used to distinguish the terms to which these
expressions are given, and do not limit the number and
order of the terms.

INDUSTRIAL APPLICABILITY

[0220] As can be seen in the foregoing, the present
disclosure is useful for a heat source unit and a refriger-
ation apparatus.

DESCRIPTION OF REFERENCE CHARACTERS

[0221]

1 Refrigeration Apparatus
2 Refrigerant Circuit
10 Outdoor Unit (Heat Source Unit)
11 Heat Source Circuit
14 Outdoor Heat Exchanger (Heat Source Heat Ex-

changer)
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20 Compression Element
21 High-Pressure Compressor (Second Compres-

sion Section)
22 First Low-Pressure Compressor (First Compres-

sion Section)
23 Second Low-Pressure Compressor (First Com-

pression Section)
24 Four-Way Switching Valve (Switching Mecha-

nism)
26 Injection Valve (Expansion Valve)
28 Second Motor-Operated Valve (Flow Rate Reg-

ulating Valve)
29 Third Motor-Operated Valve (Flow Rate Regulat-

ing Valve)
32 Second Pipe (Liquid Pipe)
33 Third Pipe (Liquid Pipe)
40 Subcooling Heat Exchanger
40a First Channel
40b Second Channel
50 Internal Unit (Utilization Unit)
54 Internal Heat Exchanger (Utilization Heat Ex-

changer)
60 Injection Circuit
70 Bypass Channel
80 Regulation Mechanism
101 Outdoor Controller (Control Unit)
180 Channel Switching Mechanism

Claims

1. A heat source unit, comprising: a heat source circuit
(11) including a compression element (20), a heat
source heat exchanger (14), a subcooling heat ex-
changer (40), and a switching mechanism (24), the
heat source unit being connected to a utilization unit
(50) having a utilization heat exchanger (54) to con-
stitute a refrigerant circuit (2) that performs a refrig-
eration cycle, wherein

the switching mechanism (24) is configured to
switch the refrigeration cycle between

a first refrigeration cycle in which the heat
source heat exchanger (14) serves as a ra-
diator and the utilization heat exchanger
(54) serves as an evaporator and
a second refrigeration cycle in which the uti-
lization heat exchanger (54) serves as a ra-
diator and the heat source heat exchanger
(14) serves as an evaporator,

the subcooling heat exchanger (40) has a first
channel (40a) connected to a middle portion of
a liquid pipe (32, 33) through which a liquid re-
frigerant in the heat source circuit (11) flows, and
a second channel (40b) through which a heating
medium for cooling the refrigerant in the first

channel (40a) flows, and
the heat source unit further comprises a regula-
tion mechanism configured to perform a first op-
eration of reducing a capability of the second
channel (40b) of cooling the refrigerant in the
first channel (40a) before switching from the first
refrigeration cycle to the second refrigeration cy-
cle.

2. The heat source unit of claim 1, wherein
the switching mechanism (24) is configured to switch
the refrigeration cycle to the second refrigeration cy-
cle when a temperature of the refrigerant flowing
through the first channel (40a) exceeds a predeter-
mined value in the first operation.

3. The heat source unit of claim 1 or 2, wherein

the heat source circuit (11) includes:

an injection circuit (60) having one end
branched from the liquid pipe (32, 33) and
the other end communicating with an inter-
mediate pressure portion or a suction por-
tion of the compression element (20), and
including the second channel (40b) through
which a refrigerant as the heating medium
flows; and
an expansion valve (26) connected to an
upstream side of the second channel (40b)
in the injection circuit (60), and

the regulation mechanism (80) includes the ex-
pansion valve (26) and a control unit (101) con-
figured to control an opening degree of the ex-
pansion valve (26) so that the cooling capability
is reduced in the first operation.

4. The heat source unit of claim 3, wherein
the control unit (101) performs first control in the first
operation to reduce the opening degree of the ex-
pansion valve (26) so that a flow rate of the refriger-
ant in the second channel (40b) decreases.

5. The heat source unit of claim 3 or 4, wherein
the control unit (101) performs second control in the
first operation to increase the opening degree of the
expansion valve (26) so that a pressure of the refrig-
erant in the second channel (40b) rises.

6. The heat source unit of claim 3, wherein
the control unit (101) performs, in the first operation,

first control to reduce the opening degree of the
expansion valve (26) so that a flow rate of the
refrigerant in the second channel (40b) decreas-
es when a condition indicating that a discharge
temperature, which is a temperature of the re-
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frigerant discharged from the compression ele-
ment (20), is low is met, and
second control to increase the opening degree
of the expansion valve (26) so that a pressure
of the refrigerant in the second channel (40b)
rises when a condition indicating that the dis-
charge temperature of the compression element
(20) is high is met.

7. The heat source unit of claim 5 or 6, wherein

the heat source circuit (11) includes a flow rate
regulating valve (28, 29) connected to a down-
stream side of the second channel (40b) in the
injection circuit (60), and
the second control performed in the first opera-
tion regulates an opening degree of the flow rate
regulating valve (28, 29) so that a discharge tem-
perature, which is a temperature of the refriger-
ant discharged from the compression element
(20), approaches a predetermined value.

8. The heat source unit of any one of claims 1 to 7,
further comprising:

a subcooling heat exchanger (40) having the first
channel (40a) and the second channel (40b);
a bypass channel (70) configured to allow at
least part of the refrigerant that has dissipated
heat in the utilization heat exchanger (54) to by-
pass the first channel (40a) in the second refrig-
eration cycle; and
a channel switching mechanism (180) config-
ured to regulate the refrigerant flowing through
the first channel (40a) and allow the refrigerant
to flow through the bypass channel (70) in the
second refrigeration cycle.

9. The heat source unit of any one of claims 1 to 8,
wherein
the compression element (20) is a two-stage com-
pression element having a first compression section
(22, 23) and a second compression section (21), and
is configured to compress the refrigerant in the first
compression section (22, 23) and then compress the
refrigerant again in the second compression section
(21) in the first refrigeration cycle.

10. A refrigeration apparatus, comprising: the heat
source unit (10) of any one of claims 1 to 9; and a
utilization unit (50) having a utilization heat exchang-
er (54).
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