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(54) HEAT SOURCE APPARATUS

(57) A heat source apparatus including: a compres-
sor; an air-cooled heat exchanger; a load-side heat ex-
changer configured to exchange heat between a heat
medium which flows through a load, and refrigerant; and
a main expansion valve which is connected between the
air-cooled heat exchanger and the load-side heat ex-
changer, and has a function of being fully closed when
stoppage of power supply from a power supply source
is detected, includes a refrigerant flow control circuit con-
nected in parallel to the main expansion valve. The re-
frigerant flow control circuitincludes afirst sub-expansion
valve configured to regulate a flow rate of the refrigerant,
a refrigerant tank configured to store the refrigerant, and
a second sub-expansion valve configured to regulate the
flow rate of the refrigerant, which are connected in series
with one another.
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Description
Technical Field

[0001] The presentinvention relates to a heat source
apparatus which is configured to cool or heat a heat me-
dium to be supplied to a load.

Background Art

[0002] In the related art, there has been known an air-
cooled heat pump chiller, for example, as a heat source
apparatus which is configured to cool or heat water as a
heat medium to produce cold water or hot water. A re-
frigerant circuit of the air-cooled heat pump chiller gen-
erally includes an expansion valve between an air-cooled
heat exchanger and a water-cooled heat exchanger, and
a refrigerant tank between the expansion valve and the
water-cooled heat exchanger (see, for example, Patent
Literature 1).

[0003] Thewater-cooled heatexchangergenerally has
efficiency of condensing refrigerant that is higher than
that of the air-cooled heat exchanger, and hence requires
an amount of refrigerant during a heating operation that
is smaller than that during a cooling operation in the re-
frigerant circuit. Therefore, in order to store a surplus
amount of refrigerant during the heating operation and
hence regulate the amount of refrigerant circulating
through the refrigerant circuit, the refrigerant tank is pro-
vided.

Citation List
Patent Literature

[0004] PatentLiterature 1: Japanese Unexamined Pat-
ent Application Publication No. 2012-247118

Summary of Invention
Technical Problem

[0005] However, when a power failure occurs, the re-
lated-art heat source apparatus is stopped entirely with
the expansion valve being open. Therefore, when a pow-
er failure occurs during the heating operation, liquid re-
frigerant dwelling in the air-cooled heat exchanger flows
into the water-cooled heat exchanger due to a pressure
difference in the refrigerant circuit. Meanwhile, when a
power failure occurs during the heating operation, liquid
refrigerant dwelling in the refrigerant tank and the water-
cooled heat exchanger flows into the air-cooled heat ex-
changer due to a pressure difference in the refrigerant
circuit. Therefore, the structure of the related-art heat
source apparatus disadvantageously contributes to a lig-
uid backflow operation at the time of restarting after res-
toration of power.

[0006] The presentinvention has been made to solve
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the above-mentioned problem, and therefore has an ob-
ject to provide a heat source apparatus for suppressing
a liquid backflow operation at the time of restarting after
restoration of power. Solution to Problem

[0007] According to one embodiment of the present
invention, there is provided a heat source apparatus in-
cluding: a compressor, which is configured to compress
refrigerant; an air-cooled heat exchanger, which is con-
figured to exchange heat between air and the refrigerant;
a load-side heat exchanger, which is configured to ex-
change heat between a heat medium, which flows
through a load, and the refrigerant; a main expansion
valve, which is connected between the air-cooled heat
exchanger and the load-side heat exchanger, and has a
function of being fully closed when stoppage of power
supply from a power supply source is detected; and a
refrigerant flow control circuit, which is connected in par-
allel to the main expansion valve, and is configured to
regulate a flow rate of the refrigerant by storing the re-
frigerant or causing outflow of the refrigerant, the refrig-
erant flow control circuit including a first sub-expansion
valve configured to regulate the flow rate of the refriger-
ant, a refrigerant tank configured to store the refrigerant,
and a second sub-expansion valve configured to regulate
the flow rate of the refrigerant, which are connected in
series with one another.

Advantageous Effects of Invention

[0008] According to the embodiment of the present in-
vention, the main expansion valve which is connected
between the air-cooled heat exchanger and the load-side
heat exchanger, is configured to be fully closed when the
stoppage of power supply from the power supply source
is detected, and the refrigerant flow control circuit which
is connected in parallel to the main expansion valve, is
configured to regulate the flow rate of the refrigerant by
storing the refrigerant or causing outflow of the refriger-
ant. As aresult, liquid backflow, which occurs at the time
of power failure and other such times due to a pressure
difference in a refrigerant circuit, can be prevented, and
hence the liquid backflow operation at the time of restart-
ing after restoration of power can be suppressed.

Brief Description of Drawings
[0009]

[Fig. 1] Fig. 1 is a schematic diagram for illustrating
an overall configuration of a heat source apparatus
according to an embodiment of the present inven-
tion.

[Fig. 2] Fig. 2 is a block diagram for illustrating an
internal configuration of a controller included in the
heat source apparatus of Fig. 1.

[Fig. 3] Fig. 3 is a schematic diagram for illustrating
a state of a refrigerant circuit included in the heat
source apparatus of Fig. 1 during a cooling opera-



3 EP 3 315 875 A1 4

tion.

[Fig. 4] Fig. 4 is a schematic diagram for illustrating
a state atthe time when a power failure occurs during
the cooling operation of Fig. 3.

[Fig. 5] Fig. 5 is a schematic diagram for illustrating
a state of the refrigerant circuit included in the heat
source apparatus of Fig. 1 during a heating opera-
tion.

[Fig. 6] Fig. 6 is a schematic diagram for illustrating
a state atthe time when a power failure occurs during
the heating operation of Fig. 5.

[Fig. 7] Fig. 7 is a schematic diagram for illustrating
a state of the refrigerant circuit included in the heat
source apparatus of Fig. 1 during a defrosting oper-
ation.

[Fig. 8] Fig. 8 is a schematic diagram for illustrating
a state atthe time when a power failure occurs during
the defrosting operation of Fig. 7.

[Fig. 9] Fig. 9 is a flow chart for illustrating operation
of the heat source apparatus of Fig. 1.

Description of Embodiments
[Embodiment]

[0010] Fig. 1is a schematic diagram for illustrating an
overall configuration of a heat source apparatus accord-
ing to an embodiment of the present invention. As illus-
trated in Fig. 1, a heat source apparatus 10 includes a
refrigerant circuit 20, a first inverter circuit 31, a second
inverter circuit 32, and a controller 40. The heat source
apparatus 10 also includes a filter circuit 50, an AC/DC
converter 60, a smoothing capacitor 70, and a DC/DC
converter 80.

[0011] The heat source apparatus 10 in the embodi-
ment includes the above-mentioned components in a
casing (not shown) to be integrally formed, and is placed
outdoors. In other words, the heat source apparatus 10
is a chiller unit configured to supply a cooled or heated
heat medium to a load, and serves as an outdoor unit of
awater heater, a floor heating system, an air-conditioning
apparatus, or other such apparatus.

[0012] Therefrigerantcircuit20includes a compressor
21, an air-cooled heat exchanger 22, a main expansion
valve 24, a load-side heat exchanger 25, a refrigerant
flow control circuit 26, and a four-way valve 29. The re-
frigerant flow control circuit 26 is connected in parallel to
the main expansion valve 24, and is configured to regu-
late a flow rate of refrigerant by storing the refrigerant or
causing outflow of the refrigerant. The refrigerant flow
control circuit 26 includes a first sub-expansion valve 27A
configured to regulate the flow rate of the refrigerant, a
refrigerant tank (high pressure receiver) 28 configured
to store the refrigerant, and a second sub-expansion
valve 27B configured to regulate the flow rate of the re-
frigerant, which are connected in series with one another.
[0013] Inotherwords, therefrigerantcircuit20includes
the compressor 21, the air-cooled heat exchanger 22,
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the main expansion valve 24, the load-side heat ex-
changer 25, the first sub-expansion valve 27A, the sec-
ond sub-expansion valve 27B, the refrigerant tank 28,
and the four-way valve 29, which are connected by re-
frigerant pipes 91. The refrigerant pipes 91 of the refrig-
erant circuit 20 are configured to allow the refrigerant to
circulate therethrough. Moreover, a fan 23 configured to
facilitate heat exchange is provided together with the air-
cooled heat exchanger 22.

[0014] The compressor 21 includes a compressor mo-
tor (not shown) which is driven by the first inverter circuit
31, and is configured to compress the refrigerant. The
air-cooled heat exchanger 22 is formed of a fin-and-tube
heat exchanger, for example, and is configured to ex-
change heat between outside air (air) as the heat medium
and the refrigerant.

[0015] The fan 23 includes a fan motor (not shown)
which is driven by the second inverter circuit 32, and is
rotated with the fan motor as a power source to send air
to the air-cooled heat exchanger 22. The fan 23 is con-
figured to facilitate the heat exchange between the out-
side airand therefrigerantin the air-cooled heat exchang-
er 22.

[0016] The main expansion valve 24 is formed of an
electronic expansion valve, for example, and is config-
ured to reduce a pressure of high-pressure refrigerant
that flows thereinto from the air-cooled heat exchanger
22. The main expansion valve 24 is in a state of being
openinall operation states: a cooling operation, a heating
operation, and a defrosting operation. The main expan-
sion valve 24 has a function of being fully closed when
power supply from a power supply source 100 is stopped
(at the time of power failure).

[0017] Each of the first sub-expansion valve 27A and
the second sub-expansion valve 27B is formed of an elec-
tronic expansion valve, for example, and is configured to
regulate the flow rate of the refrigerant flowing through
the refrigerant flow control circuit 26. Each of the first
sub-expansion valve 27A and the second sub-expansion
valve 27B has a function of being fully closed. More spe-
cifically, when a power failure (stoppage of power supply
from power supply source 100) occurs during the heating
operation, the first sub-expansion valve 27A which is lo-
cated on the air-cooled heat exchanger 22 side, is
changed to a state of being fully closed, and when a pow-
er failure occurs during the defrosting operation, the sec-
ond sub-expansion valve 27B which is located on the
load-side heat exchanger 25 side, is changed to a state
of being fully closed.

[0018] The refrigerant tank 28 is configured to store a
surplus amount of refrigerant during the heating opera-
tion and other such times, and hence regulate an amount
of refrigerant circulating through the refrigerant circuit 20.
[0019] The four-way valve 29 is configured to switch a
passage of the refrigerant, and includes four pipes for
forming a passage corresponding to an operational state.
In other words, each of the compressor 21, the air-cooled
heat exchanger 22, and the load-side heat exchanger 25
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is connected to any one of the four pipes of the four-way
valve 29 depending on the operational state. More spe-
cifically, during the cooling operation or the defrosting
operation, the four-way valve 29 is switched such that
gas refrigerant discharged from the compressor 21 flows
to the air-cooled heat exchanger 22 (see the solid line in
Fig. 1). Meanwhile, during the heating operation, the four-
way valve 29 is switched such that the gas refrigerant
discharged from the compressor 21 flows to the load-
side heat exchanger 25 (see the broken line in Fig. 1).
[0020] The load-side heat exchanger 25 is configured
to exchange heat between a heat medium flowing
through the load and the refrigerant. The load-side heat
exchanger 25 serves as an evaporator during the cooling
operation and the defrosting operation, and serves as a
condenser during the heating operation.

[0021] During the cooling operation, heat refrigerant
that has flowed into the load-side heat exchanger 25 from
the load through pipes 92 is cooled through heat ex-
change with the refrigerant circulating through the refrig-
erant pipes 91, and is supplied to the load side. During
the heating operation, heat refrigerant that has flowed
into the load-side heat exchanger 25 from the load
through the pipes 92 is heated through heat exchange
with the refrigerant circulating through the refrigerant
pipes 91, and is supplied to the load side.

[0022] The firstinverter circuit 31 is configured to gen-
erate a voltage for driving the compressor 21, and supply
the generated voltage to the compressor motor. The sec-
ond inverter circuit 32 is configured to generate a voltage
for driving the fan 23, and supply the generated voltage
to the fan motor.

[0023] The filter circuit 50 includes a noise filter 50A,
a power supply detection circuit 50B, and a power failure
detection unit 50C. The noise filter 50A is configured to
remove noise superimposed on a voltage (current) sup-
plied from the power supply source 100 which is formed
of a commercial power supply, for example. The power
supply detection circuit 50B is configured to detect power
supplied from the power supply source 100 as the power
source through comparison with a predetermined volt-
age, which is set in advance. The power failure detection
unit 50C is configured to monitor a state of power supply
from the power supply source 100 at all times to detect
the stoppage of power supply from the power supply
source 100 (power failure). The power failure detection
unit 50C may be incorporated in the power supply detec-
tion circuit 50B, or may be provided outside the filter cir-
cuit 50.

[0024] The AC/DC converter 60 is configured to con-
vert an AC voltage, which is supplied from the power
supply source 100, into a DC voltage. The smoothing
capacitor 70 is configured to smooth the DC voltage out-
put from the AC/DC converter 60. The DC/DC converter
80 is configured to generate a DC voltage suitable for
operation of the controller 40 based on the DC voltage
input from the AC/DC converter 60 via the smoothing
capacitor 70.
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[0025] Fig. 2is a block diagram for illustrating an inter-
nal configuration of the controller 40 included in the heat
source apparatus 10. As illustratedin Fig. 2, the controller
40 includes an operational state identification unit 40A,
a storage unit 40B, and a valve control unit 40C.

[0026] The operational state identification unit40A has
a function of determining whether or not the heat source
apparatus 10 is in operation. The operational state iden-
tification unit 40A is also configured to identify, when the
heat source apparatus 10 is in operation, which of the
operational states: the cooling operation, the heating op-
eration, and the defrosting operation the heat source ap-
paratus 10 is in, and record operation type information,
which indicates the identified operational state, in the
storage unit 40B.

[0027] The operational state identification unit 40A fur-
ther has a function of monitoring the operational state of
the heat source apparatus 10 at all times or every pre-
determined time that has been setto update the operation
type information in the storage unit 40B. In other words,
the operational state identification unit40A has a function
of changing, when detecting a change of the operational
state, the operation type information in the storage unit
40B. For example, the operational state identification unit
40A detects a situation of switching between the heating
operation and the defrosting operation as occasion arises
to identify the operational state, and updates the opera-
tion type information in the storage unit 40B based on
the identified operational state.

[0028] The storage unit40B is configured to store data
used by the controller 40 in various arithmetic operations
and other such operations, operation results, and other
such data. For example, in the storage unit 40B, the op-
eration type information is recorded by the operational
state identification unit 40A, and the recorded operation
type information is read by the valve control unit 40C.
The storage unit 40B may be formed of a hard disk drive
(HDD), a flash memory, or other such storage device.
The storage unit 40B may be provided outside the con-
troller 40.

[0029] The valve control unit 40C is configured to
change the main expansion valve 24 to a state of being
fully closed when the power failure is detected by the
power failure detection unit 50C during the cooling oper-
ation, in which the load-side heat exchanger 25 serves
as the evaporator. Moreover, the valve control unit 40C
is configured to change each of the main expansion valve
24 and the first sub-expansion valve 27A to the state of
being fully closed when the power failure is detected by
the power failure detection unit 50C during the heating
operation, in which the load-side heat exchanger 25
serves as the condenser. Further, the valve control unit
40C is configured to change each of the main expansion
valve 24 and the second sub-expansion valve 27B to the
state of being fully closed when the power failure is de-
tected by the power failure detection unit 50C during the
defrosting operation, in which the load-side heat ex-
changer 25 serves as the evaporator to remove frost at-
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tached to the air-cooled heat exchanger 22.

[0030] Moreover, the valve control unit 40C is config-
ured to, when the power failure is detected by the power
failure detection unit 50C, access the storage unit 40B
to check the operation type information recorded by the
operational state identification unit 40A, in order to iden-
tify the operational state before the power failure.
[0031] The valve control unit 40C is configured to op-
erate using power stored in the smoothing capacitor 70
(residual charge of the smoothing capacitor 70) when the
power failure occurs.

[0032] The operational state identification unit40A and
the valve control unit 40C may be implemented by hard-
ware, for example, a circuit device configured to imple-
ment those functions, or may be implemented by soft-
ware executed on a DSP or other such microcomputer,
or a CPU or other such arithmetic unit, for example.
[0033] Incidentally, in the embodiment, water is adopt-
ed as the heat medium flowing through the load. In other
words, the heat source apparatus 10 includes a water-
cooled heat exchanger as the load-side heat exchanger
25. The water-cooled heat exchanger has heatexchange
efficiency that is higher than that of the air-cooled heat
exchanger, and hence may have a volume thatis smaller
than that of the air-cooled heat exchanger. Therefore, in
the embodiment, the load-side heat exchanger 25, which
has a volume that is smaller than that of the air-cooled
heat exchanger 22, is adopted to downsize the heat
source apparatus 10. This leads to a situation in which
the amount of refrigerant stored in the load-side heat ex-
changer 25 is smaller than that of the air-cooled heat
exchanger 22.

[0034] Moreover, as described above, the heat source
apparatus 10 is integrally formed and placed outdoors,
with the result that the refrigerant pipe 91 that connects
the load-side heat exchanger 25 to the compressor 21,
and the refrigerant pipe 91 that connects the load-side
heat exchanger 25 to the main expansion valve 24 and
the second sub-expansion valve 27B are shorter than
those in the structure in which the load-side heat ex-
changer 25 is placed indoors. Therefore, the heat source
apparatus 10 has an amount of refrigerant that can be
stored in the refrigerant pipes 91 that is smaller than that
in the structure in which the load-side heat exchanger 25
is placed indoors.

[0035] Under the above-mentioned circumstances, in
the heat source apparatus 10, the main expansion valve
24 is changed to the state of being fully closed, and the
first sub-expansion valve 27A maintains the state of be-
ing fully closed when the power failure occurs during the
cooling operation, with the result that an inflow path of
the high-pressure refrigerant to the load-side heat ex-
changer 25 side can be blocked.

[0036] Meanwhile, in the heat source apparatus 10,
each of the main expansion valve 24 and the first sub-
expansion valve 27A is changed to the state of being fully
closed when the power failure occurs during the heating
operation, with the result that an inflow path of the high-
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pressure refrigerant to the air-cooled heat exchanger 22
side can be blocked. At that time, the second sub-expan-
sion valve 27B is in a state of being open, and hence this
allows the refrigerant dwelling in the load-side heat ex-
changer 25 to escape to the refrigerant tank 28, with the
result that outflow of the refrigerant to the compressor 21
side can be further suppressed.

[0037] Further, in the heat source apparatus 10, each
of the main expansion valve 24 and the second sub-ex-
pansion valve 27B is changed to the state of being fully
closed when the power failure occurs during the defrost-
ing operation, with the result that an inflow path of the
high-pressure refrigerantto the load-side heat exchanger
25 side can be blocked. At that time, the first sub-expan-
sion valve 27A is in a state of being open, and hence this
allows the refrigerant dwelling in the air-cooled heat ex-
changer 22 to escape to the refrigerant tank 28, with the
result that outflow of the refrigerant to the compressor 21
side can be further suppressed.

[0038] In other words, the heat source apparatus 10
adopts the water-cooled heat exchanger as the load-side
heatexchanger 25, and even when serving as an outdoor
unit, can preventliquid backflow, which occurs at the time
of a power failure and other such times due to a pressure
difference in the refrigerant circuit, and hence can sup-
press a liquid backflow operation at the time of restarting
after restoration of power.

[0039] Next, referring to Fig. 3 to Fig. 8, a description
is given of open/close states of the main expansion valve
24, the first sub-expansion valve 27A, and the second
sub-expansion valve 27B at the time when the power
failure occurs during each of the operational states (cool-
ing operation, heating operation, and defrosting opera-
tion).

(During Cooling Operation)

[0040] Fig. 3 is a schematic diagram for illustrating a
state of the refrigerant circuit 20 included in the heat
source apparatus 10 during the cooling operation. Fig. 4
is a schematic diagram for illustrating a state at the time
when the power failure occurs during the cooling opera-
tion of Fig. 3.

[0041] The refrigerant circuit 20 during the cooling op-
eration regulates the flow rate of the refrigerant with the
main expansion valve 24. In other words, as illustrated
in Fig. 3, the main expansion valve 24 is in the state of
being open. Moreover, the first sub-expansion valve 27A
is in the state of being closed (fully closed), and the sec-
ond sub-expansion valve 27B is in the state of being
open.

[0042] Duringthe cooling operation, therefrigerantthat
has been compressed in and discharged from the com-
pressor 21 passes through the four-way valve 29, then
passes through the air-cooled heat exchanger 22, the
main expansion valve 24, and the load-side heat ex-
changer 25 in the stated order, and passes through the
four-way valve 29 again to be suctioned by the compres-
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sor 21. In other words, the air-cooled heat exchanger 22
serves as a condenser, and the load-side heat exchanger
25 serves as the evaporator.

[0043] Moreover,therefrigerantcirculating through the
refrigerant circuit 20 is in a high-pressure state on the
air-cooled heat exchanger 22 side of the main expansion
valve 24, and in a low-pressure state on the load-side
heat exchanger 25 side of the main expansion valve 24.
Therefore, when the power failure occurs during the cool-
ing operation, a pressure difference between the air-
cooled heat exchanger 22 side and the load-side heat
exchanger 25 side causes liquid refrigerant dwelling in
the air-cooled heat exchanger 22 to flow into the load-
side heat exchanger 25 via the main expansion valve 24.
[0044] Under the above-mentioned circumstances,
the heat source apparatus 10 according to the embodi-
ment is configured such that, when the power failure oc-
curs during the cooling operation, as illustrated in Fig. 4,
the open/close state of the main expansion valve 24 is
changed from the open state to the closed (fully closed)
state. Therefore, the flow of the liquid refrigerant dwelling
in the air-cooled heat exchanger 22 to the load-side heat
exchanger 25 side can be stopped, and hence the liquid
backflow operation at the time of restarting after restora-
tion of power can be suppressed. The heat source ap-
paratus 10 is configured such that, even when the power
failure occurs during the cooling operation, the
open/close states of the first sub-expansion valve 27A
and the second sub-expansion valve 27B are not
changed.

(During Heating Operation)

[0045] Fig. 5 is a schematic diagram for illustrating a
state of the refrigerant circuit 20 included in the heat
source apparatus 10 during the heating operation. Fig.
6 is a schematic diagram for illustrating a state at the time
when the power failure occurs during the heating oper-
ation of Fig. 5.

[0046] The refrigerant circuit 20 during the heating op-
eration regulates the refrigerant with the main expansion
valve 24, the first sub-expansion valve 27A, and the sec-
ond sub-expansion valve 27B. In other words, as illus-
trated in Fig. 5, the main expansion valve 24 is in the
state of being open. Moreover, the first sub-expansion
valve 27A is in a state of being open (slightly open), and
the second sub-expansion valve 27B is in the state of
being open.

[0047] During the heating operation, the refrigerant
that has been compressed in and discharged from the
compressor 21 passes through the four-way valve 29,
then passes through the load-side heat exchanger 25,
the main expansion valve 24, the refrigerant flow control
circuit 26, and the air-cooled heat exchanger 22 in the
stated order, and passes through the four-way valve 29
again to be suctioned by the compressor 21. In other
words, the air-cooled heat exchanger 22 serves as an
evaporator, and the load-side heat exchanger 25 serves
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as the condenser.

[0048] Moreover,the refrigerant circulating through the
refrigerant circuit 20 is in a high-pressure state on the
load-side heat exchanger 25 side of the main expansion
valve 24, and in a low-pressure state on the air-cooled
heat exchanger 22 side via the main expansion valve 24.
As illustrated in Fig. 5, a surplus amount of refrigerant is
stored in the refrigerant tank 28. Therefore, when the
power failure occurs during the heating operation, a pres-
sure difference between the air-cooled heat exchanger
22 side and the load-side heat exchanger 25 side causes
liquid refrigerantdwelling in the load-side heat exchanger
25 and the refrigerant tank 28 to flow into the air-cooled
heat exchanger 22 via the main expansion valve 24 and
the first sub-expansion valve 27A.

[0049] Under the above-mentioned circumstances,
the heat source apparatus 10 according to the embodi-
ment is configured such that, when the power failure oc-
curs during the heating operation, the main expansion
valve 24 is changed from the state of being open to the
state of being closed (fully closed), and the first sub-ex-
pansion valve 27A is changed from the state of being
open (slightly open) to the state of being closed (fully
closed) as illustrated in Fig. 6. Therefore, the flow of the
liquid refrigerant dwelling in the load-side heat exchanger
25 and the refrigerant tank 28 to the air-cooled heat ex-
changer 22 side can be stopped, and hence the liquid
backflow operation at the time of restarting after restora-
tion of power can be suppressed. The heat source ap-
paratus 10 is configured such that, even when the power
failure occurs during the heating operation, the
open/close state of the second sub-expansion valve 27B
is not changed.

(During Defrosting Operation)

[0050] Fig. 7 is a schematic diagram for illustrating a
state of the refrigerant circuit 20 included in the heat
source apparatus 10 during the defrosting operation. Fig.
8 is a schematic diagram for illustrating a state at the time
when a power failure occurs during the defrosting oper-
ation of Fig. 7. When the heat source apparatus 10 per-
forms the heating operation, the air-cooled heat exchang-
er 22 has its surface frosted. Therefore, during the heat-
ing operation, in order to melt the frost on the surface of
the air-cooled heat exchanger 22, the heat source appa-
ratus 10 periodically performs the defrosting operation
for a predetermined time period.

[0051] The refrigerant circuit 20 in the defrosting oper-
ation regulates the refrigerant with the main expansion
valve 24, the first sub-expansion valve 27A, and the sec-
ond sub-expansion valve 27B. In other words, as illus-
trated in Fig. 7, the main expansion valve 24 is in the
state of being open. Moreover, the first sub-expansion
valve 27A is in the state of being open (slightly open),
and the second sub-expansion valve 27B is in the state
of being open.

[0052] During the defrosting operation, the refrigerant
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that has been compressed in and discharged from the
compressor 21 passes through the four-way valve 29,
then passes through the air-cooled heat exchanger 22,
the main expansion valve 24, the refrigerant flow control
circuit 26, and the load-side heat exchanger 25 in the
stated order, and passes through the four-way valve 29
again to be suctioned by the compressor 21. In other
words, the air-cooled heat exchanger 22 serves as the
condenser, and the load-side heat exchanger 25 serves
as the evaporator.

[0053] Moreover,therefrigerantcirculating through the
refrigerant circuit 20 has a pressure that is higher on the
air-cooled heat exchanger 22 side of the main expansion
valve 24 than on the load-side heat exchanger 25 side
of the main expansion valve 24. Therefore, when the
power failure occurs during the defrosting operation, a
pressure difference between the air-cooled heat ex-
changer 22 side and the load-side heat exchanger 25
side causes liquid refrigerant dwelling in the air-cooled
heat exchanger 22 and the refrigerant tank 28 to flow into
the load-side heat exchanger 25 via the main expansion
valve 24 and the second sub-expansion valve 27B.
[0054] Under the above-mentioned circumstances,
the heat source apparatus 10 according to the embodi-
ment is configured such that, when the power failure oc-
curs during the cooling operation, the main expansion
valve 24 is changed from the state of being open to the
state of being closed (fully closed), and the second sub-
expansion valve 27B is changed from the state of being
open to the state of being closed (fully closed) as illus-
trated in Fig. 8. Therefore, the flow of the liquid refrigerant
dwelling in the air-cooled heat exchanger 22 and the re-
frigerant tank 28 to the load-side heat exchanger 25 side
can be stopped, and hence the liquid backflow operation
at the time of restarting after restoration of power can be
suppressed. The heat source apparatus 10 is configured
such that, even when the power failure occurs during the
defrosting operation, the open/close state of the first sub-
expansion valve 27A is not changed.

[0055] Fig. 9 is a flow chart for illustrating operation of
the heat source apparatus 10. Referring to Fig. 9, a de-
scription is given of operational state identification
processing which is performed by the operational state
identification unit 40A, and valve control which is per-
formed by the valve control unit 40C.

(Operational State Identification Processing)

[0056] The operational state identification unit 40A de-
termines whether or not the heat source apparatus 10 is
in operation (Fig. 9: Step S101). When the operational
state identification unit 40A determines that the heat
source apparatus 10 is not in operation (Fig. 9: Step
S101/NO), the controller 40 ends the operation while
maintaining the open/close states of the main expansion
valve 24, the first sub-expansion valve 27A, and the sec-
ond sub-expansion valve 27B.

[0057] Meanwhile, when determining that the heat
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source apparatus 10 is in operation (Fig. 9: Step
S101/YES), the operational state identification unit 40A
determines whether or not the heat source apparatus 10
is in the cooling operation (Fig. 9: Step S102).

[0058] When determining that the heat source appa-
ratus 10 is in the cooling operation (Fig. 9: Step
S102/YES), the operational state identification unit 40A
records, in the storage unit 40B, that the heat source
apparatus 10 is in the cooling operation as the operation
type information (Fig. 9: Step S103). Meanwhile, when
determining that the heat source apparatus 10 is not in
the cooling operation (Fig. 9: Step S102/NO), the oper-
ational state identification unit 40A determines whether
or not the heat source apparatus 10 is in the heating
operation (Fig. 9: Step S104).

[0059] When determining that the heat source appa-
ratus 10 is in the heating operation (Fig. 9: Step
S104/YES), the operational state identification unit 40A
records, in the storage unit 40B, that the heat source
apparatus 10 is in the heating operation as the operation
type information (Fig. 9: Step S105). Meanwhile, when
determining that the heat source apparatus 10 is not in
the heating operation (Fig. 9: Step S104/NO), the oper-
ational state identification unit40A records, in the storage
unit 40B, that the heat source apparatus 10 is in the de-
frosting operation as the operation type information (Fig.
9: Step S106).

[0060] The operational state identification unit 40A ex-
ecutes the processing of Steps S101 to S106 described
above at all times or every predetermined time that has
been set to identify the operational state of the heat
source apparatus 10, and updates the operation type in-
formation in the storage unit 40B based on the identified
operational state.

[0061] The operational state identification processing
described above in Steps S101 to S106 generates a state
in which the operation type information indicating the op-
erational state of the heat source apparatus 10 is record-
ed in the storage unit40B. Therefore, when the stoppage
of power supply from the power supply source 100 (power
failure) occurs, the valve control unit 40C may use the
power stored in the smoothing capacitor 70 to perform
valve control corresponding to the operational state be-
fore the power failure.

(Valve Control)

[0062] When the stoppage of power supply from the
power supply source 100 is detected by the power failure
detection unit 50C, the valve control unit 40C uses the
power stored in the smoothing capacitor 70 to access
the storage unit40B, thereby checking the operation type
information indicating the operational state before the
power failure, which is recorded in the storage unit 40B
(Fig. 9: Step S108).

[0063] When the storage unit 40B stores the operation
type information indicating the cooling operation, the
valve control unit 40C determines that the heat source
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apparatus 10 was in the cooling operation before the
powerfailure, and uses the power stored in the smoothing
capacitor 70 to change the main expansion valve 24 from
the state of being open to the state of being closed (fully
closed) (Fig. 9: Step S109).

[0064] When the storage unit 40B stores the operation
type information indicating the heating operation, the
valve control unit 40C determines that the heat source
apparatus 10 was in the heating operation before the
powerfailure, and uses the power stored in the smoothing
capacitor 70 to change the main expansion valve 24 from
the state of being open to the state of being closed (fully
closed), and change the first sub-expansion valve
27Afrom the state of being open (slightly open) to the
state of being closed (fully closed) (Fig. 9: Step S110).
[0065] When the storage unit 40B stores the operation
type information indicating the heating operation, the
valve control unit 40C determines that the heat source
apparatus 10 was in the heating operation before the
powerfailure, and uses the power stored in the smoothing
capacitor 70 to change the main expansion valve 24 from
the state of being open to the state of being closed (fully
closed), and change the second sub-expansion valve
27B from the state of being open to the state of being
closed (fully closed) (Fig. 9: Step S111).

[0066] Asdescribedabove,immediately after the pow-
er failure occurs, the valve control unit 40C uses the pow-
er stored in the smoothing capacitor 70 to change the
main expansion valve 24 to the state of being fully closed.
Therefore, according to the heat source apparatus 10,
the movement of the refrigerant between the air-cooled
heat exchanger 22 and the load-side heat exchanger 25
can be suppressed.

[0067] Moreover, the valve control unit 40C further
changes the first sub-expansion valve 27A to the state
of being fully closed immediately after the power failure
during the heating operation, and further changes the
second sub-expansion valve 27B to the state of being
fully closed immediately after the power failure during the
defrosting operation. Therefore, according to the heat
source apparatus 10, outflow of liquid refrigerant dwelling
in the air-cooled heat exchanger 22 or the load-side heat
exchanger 25 can be prevented more effectively.
[0068] In other words, according to the heat source
apparatus 10 of the embodiment, the main expansion
valve 24, which is connected between the air-cooled heat
exchanger 22 and the load-side heat exchanger 25, is
fully closed when the stoppage of power supply from the
power supply source 100 is detected, and the refrigerant
flow control circuit 26, which is connected in parallel to
the main expansion valve 24, regulates the flow rate of
the refrigerant by storing the refrigerant or causing out-
flow of the refrigerant. Therefore, according to the heat
source apparatus 10, the liquid backflow, which occurs
at the time of power failure and other such times due to
the pressure difference in the refrigerant circuit 20, can
be prevented, and hence the liquid backflow operation
at the time of restarting after restoration of power can be
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suppressed.

[0069] The embodiment is a preferred specific exam-
ple of the heat source apparatus, and a technical scope
of the present invention is not limited to those aspects.
For example, in the embodiment, there has been exem-
plified the case in which the valve control unit 30 operates
using the power stored in the smoothing capacitor 70 at
the time of power failure. However, the present invention
is not limited thereto, and the valve control unit 30 may
use power stored in another capacitor or other such el-
ement on a substrate on which the controller 40 is pro-
vided. In addition, the valve control unit 30 may use power
stored in a capacitor or other such element forming the
DC/DC converter 80 at the time of power failure. Alter-
natively, there may be adopted a configuration in which
the heat source apparatus 10 includes an auxiliary power
supply device configured to provide power at the time of
power failure, and in which the valve control unit 30 op-
erates using the power supplied from the auxiliary power
supply device at the time of power failure.

[0070] Moreover, in the embodiment, there has been
described the case in which the heat medium to ex-
change heat with the refrigerant in the load-side heat
exchanger 25 is water. However, the present invention
is not limited thereto, and brine or other such material
may be adopted as the heat medium. Further, the heat
source apparatus 10 may perform the cooling operation
or the heating operation and the defrosting operation.
When the heat source apparatus 10 is configured to per-
form only the cooling operation, the four-way valve 29 is
not required. Reference Signs List

[0071] 10 heat source apparatus 20 refrigerant circuit
21 compressor 22 air-cooled heat exchanger 23 fan 24
main expansion valve 25 load-side heat exchanger 26
refrigerant flow control circuit 27A first sub-expansion
valve 27B second sub-expansion valve 28 refrigerant
tank 29 four-way valve 31 first inverter circuit 32 second
inverter circuit 40 controller 40A operational state iden-
tification unit 40B storage unit 40C valve control unit 50
filter circuit 50A noise filter 50B power supply detection
circuit 50C power failure detection unit 60 AC/DC con-
verter 70 smoothing capacitor 80 DC/DC converter 91
refrigerant pipe 92 pipe

100 power supply source

Claims
1. A heat source apparatus comprising:

a compressor configured to compress refriger-
ant;

an air-cooled heat exchanger configured to ex-
change heat between air and the refrigerant;

a load-side heat exchanger configured to ex-
change heat between a heat medium flowing
through a load, and the refrigerant;

a main expansion valve connected between the
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air-cooled heat exchanger and the load-side
heat exchanger, and having a function of being
fully closed when stoppage of power supply from

a power supply source is detected; and
arefrigerantflow control circuitconnectedinpar- %
allel to the main expansion valve, and configured
toregulate a flow rate of the refrigerant by storing

the refrigerant or causing outflow of the refrig-
erant,

the refrigerant flow control circuit comprisinga 70
first sub-expansion valve configured to regulate

the flow rate of the refrigerant, a refrigerant tank
configured to store the refrigerant, and a second
sub-expansion valve configured to regulate the
flow rate of the refrigerant, which are connected 75
in series with one another.

2. The heat source apparatus of claim 1, further com-
prising:
20

a power failure detection unit configured to de-
tect the stoppage of power supply from the pow-
er supply source; and
a valve control unit configured to control to
change the main expansion valve to a state of 25
being fully closed when the stoppage of power
supply is detected by the power failure detection
unit.

3. The heat source apparatus of claim 2, wherein the 30
valve control unit is configured to control to further
change the first sub-expansion valve to a state of
being fully closed when the stoppage of power sup-
ply is detected by the power failure detection unit
during a heating operation in which the load-side 35
heat exchanger serves as a condenser.

4. The heat source apparatus of claim 2 or 3, wherein
the valve control unit is configured to control to further
change the second sub-expansion valve to a state 40
of being fully closed when the stoppage of power
supply is detected by the power failure detection unit
during a defrosting operation in which the load-side
heat exchanger serves as an evaporator.
45
5. The heat source apparatus of any one of claims 2 to
4, further comprising:

an AC/DC converter configured to convert an

AC voltage, that is supplied from the power sup- 50
ply source, into a DC voltage; and

a smoothing capacitor configured to smooth the

DC voltage output from the AC/DC converter,
wherein the valve control unit is configured to
operate using a residual charge of the smooth- 55
ing capacitor.
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