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(54) REFRIGERATION CYCLE DEVICE

(67)  An air conditioner 1 includes an outdoor unit 2
which includes a compressor 10 and an outdoor heat
exchanger 13 and a water temperature control unit 40
which includes a water heat exchanger 51 connected to
the outdoor unit 2 through a unit connection pipe 6, the
water heat exchanger 51 exchanging heat between water
and a refrigerant supplied from the outdoor unit 2 and
further includes a low-pressure sensor 42 which detects

a low pressure of a refrigerant at a suction side of the
compressor 10 and a freezing determination unit which
determines whether water flowing through the water heat
exchanger 51 is going to be frozen when the low pressure
is lower than a predetermined low-pressure protection
value, the low-pressure protection value set in consider-
ation of pressure loss generated when a refrigerant flows
through the unit connection pipe 6.
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Description
Field
[0001] The present invention relates to a refrigeration

cycle device including a water heat exchanger which ex-
changes heat between a refrigerant and water.

Background

[0002] In general, there is known a cooling device
which includes a compressor compressing a refrigerant,
a condenser, a depressurization unit, and an evaporator.
The cooling device cools a target cooling fluid by circu-
lating a refrigerant in these components and exchanging
heat between the refrigerant and the target cooling fluid
through the evaporator. In this kind of cooling device,
there is proposed a technology of preventing the target
cooling fluid from being frozen in the evaporator (for ex-
ample, see Patent Literature 1).

Citation List
Patent Literature

[0003] Patent Literature 1: JP 2009-243828 A

Summary
Technical Problem

[0004] In recent years, there has been developed a
refrigeration cycle device including an outdoor unit which
includes a compressor compressing a refrigerant and an
outdoor heat exchanger and a water temperature control
unit which includes a water heat exchanger exchanging
heat between water and a refrigerant supplied from the
outdoor unit. Since such a refrigeration cycle device is
provided in an architecture such as a building, the water
temperature control unit is provided at a position sepa-
rated from the outdoor unit through a unit connection
pipe. In this configuration, there has been a desire for
highly accurately determining whether water in the water
heat exchanger is going to be frozen.

Solution to Problem

[0005] The invention is made in view of the above-de-
scribed circumstances and an object of the invention is
to provide a refrigeration cycle device capable of highly
accurately determining whether water in a water heat ex-
changer is going to be frozen.

[0006] To solve the problem above and achieve the
purpose, the present invention includes an outdoor unit
which includes a compressor compressing a refrigerant
and an outdoor heat exchanger exchanging heat be-
tween a refrigerant and external air and a water temper-
ature control unit which includes a water heat exchanger
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connected to the outdoor unit through a unit connection
pipe, the water heatexchangerexchanging heatbetween
water and the refrigerant supplied from the outdoor unit.
The refrigeration cycle device comprises a low pressure
detection unitwhich is configured to detect a low pressure
of the refrigerant at a suction side of the compressor, and
a freezing determination unit which is configured to de-
termine that the water flowing through the water heat
exchanger is going to be frozen when the low pressure
is lower than a predetermined low-pressure protection
value during an operation in which the water heat ex-
changer serves as an evaporator, the low-pressure pro-
tection value set in consideration of pressure loss gen-
erated by flow of the refrigerant through the unit connec-
tion pipe.

[0007] According to this configuration, since the freez-
ing determination unit determines whether water flowing
through the water heat exchanger is going to be frozen
by comparing a low pressure with a predetermined low-
pressure protection value setin consideration of pressure
loss generated when a refrigerant flows through the unit
connection pipe. Therefore, it is possible to highly accu-
rately determine whether water in the water heat ex-
changer is going to be frozen even in a configuration in
which the water temperature control unit is disposed at
a position separated from the outdoor unit. Further, even
when the refrigerant circulation amount is small and the
refrigerant temperature sensor cannot highly accurately
detect the refrigerant temperature so that the possibility
of the freezing of water cannot be detected, it is possible
to detect a possibility that water is going to be frozen by
a microscopic structure inside the water heat exchanger.
[0008] In this configuration, it may be included that a
low-pressure protection value correction unit which is
configured to correct the low-pressure protection value
to a high value when a temperature of the refrigerant
flowing through the water heat exchanger decreases to
an anti-frosttemperature higher than afreezing reference
temperature of the water, and is configured to correct the
low-pressure protection value to a low value when a tem-
perature of the refrigerant increases to an anti-frost can-
cellation temperature higher than the anti-frost temper-
ature. According to this configuration, since the low-pres-
sure protection value used as a reference for determining
whether water is going to be frozen is corrected in ac-
cordance with the operation state of the water tempera-
ture control unit, it is possible to further improve the de-
termination accuracy.

[0009] It may be included that an indoor unit which is
connected to the outdoor unitin parallel to the water tem-
perature control unit and includes an indoor heat ex-
changer exchanging heat between the refrigerant and
indoor air, wherein the water temperature control unit in-
cludes a control valve which is provided at a refrigerant
inlet side of the water heat exchanger, a bypass pipe
which is configured to bypass the control valve and the
water heat exchanger, and a bypass valve which is pro-
vided in the bypass pipe, and wherein the refrigeration
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cycle device further comprises an anti-freezing control
unit which prevents water from being frozen by closing
the control valve and opening the bypass valve when the
freezing determination unit determines that the water
flowing through the water heat exchanger is going to be
frozen. According to this configuration, when it is deter-
mined that the water flowing through the water heat ex-
changer is going to be frozen, the anti-freezing control
unit closes the control valve and opens the bypass valve
so as to prevent the refrigerant from flowing into the water
heat exchanger. Further, since the high-temperature re-
frigerant bypasses the water heat exchanger, it is possi-
ble to expect a case where an operation point changes
in a direction in which the freezing is prevented in ac-
cordance with an increase in low pressure of the refrig-
eration cycle device. For this reason, it is possible to pre-
vent the water flowing through the water heat exchanger
from being frozen without disturbing the operations of the
outdoor unit and the indoor unit.

[0010] The water temperature control unit may include
a water circulation path which is configured to supply the
water to the water heat exchanger in a circulation man-
ner, and wherein the refrigeration cycle device further
comprises an anti-freezing control unit which is config-
ured to prevent water from being frozen by decreasing
an ability of the compressor and supplying the water to
the water heat exchanger in a circulation manner when
the freezing determination unit determines that the water
flowing through the water heat exchanger is going to be
frozen. According to this configuration, since the anti-
freezing control unit decreases the ability of the compres-
sor when it is determined that the water flowing through
the water heat exchanger is going to be frozen, it is pos-
sible to suppress an amount of the refrigerant flowing
into the water heat exchanger. Further, since the anti-
freezing control unit supplies water to the water heat ex-
changer through the water circulation pathin a circulation
manner, the refrigerant flowing into the water heat ex-
changer exchanges heat with the circulated water. Ac-
cordingly, it is possible to prevent the water flowing
through the water heat exchanger from being frozen with-
out disturbing the operation of the outdoor unit.

[0011] The operation in which the water heat exchang-
er serves as the evaporator may include a defrost oper-
ation of preventing a frost of the outdoor heat exchanger.
According to this configuration, for example, since it is
possible to prevent the refrigerant from flowing into the
water heat exchanger by closing the control valve and
opening the bypass valve when it is determined that the
water is going to be frozen during the defrost operation,
it is possible to prevent the water flowing through the
water heat exchanger from being frozen. Further, since
itis possible to draw heat from the indoor air in the indoor
heat exchanger of the indoor unit during the defrost op-
eration by exchanging heat between the indoor air and
the refrigerant supplied from the outdoor unit, it is possi-
ble to continuously perform the defrost operation. Advan-
tageous Effects of Invention
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[0012] According to the invention, since the freezing
determination unit determines whether the water flowing
through the water heat exchanger is going to be frozen
by comparing the low pressure with the predetermined
low-pressure protection value set in consideration of the
pressure loss generated when the refrigerant flows
through the unit connection pipe, it is possible to highly
accurately determine whether the water in the water heat
exchanger is going to be frozen even in a configuration
in which the water temperature control unit is disposed
at a position separated from the outdoor unit.

Brief Description of Drawings
[0013]

FIG. 1is acircuit configuration diagram of an air con-
ditioner according to an embodiment.

FIG. 2 is a functional block diagram of an outdoor
controller and awater temperature controller accord-
ing to the embodiment.

FIG. 3 is a circuit configuration diagram of a refrig-
eration cycle device according to the other embodi-
ment.

Description of Embodiments

[0014] Hereinafter,an embodiment of the invention will
be described in detail with reference to the drawings.
Additionally, the invention is not limited to the embodi-
ment. Further, components of the embodimentinclude a
component which can be easily replaced by the person
skilled in the art or a component which has the substan-
tially same configuration. Furthermore, an appropriate
combination of the components to be described below
can be used.

[0015] FIG. 1 is a circuit configuration diagram of an
air conditioner according to the embodiment. An air con-
ditioner (refrigeration cycle device) 1 is a multi-type air
conditioner including one outdoor unit 2, a plurality of
(two in FIG. 1) indoor units 3A and 3B, and one water
temperature control unit 40. The indoor units 3A and 3B
and the water temperature control unit 40 are connected
in parallel to a unit connection pipe 6 lead from the out-
door unit 2. The unit connection pipe 6 includes a liquid
pipe 5 through which a liquid refrigerant flows and a gas
pipe 4 through which a refrigerant gas having been gas-
ified from the liquid refrigerant flows.

[0016] The outdoor unit 2 includes an compressor 10
which compresses a refrigerant driven by inverter, an oil
separator 11 which separates lubricant from a refrigerant
gas, a four-way valve 12 which switches a refrigerant
circulation direction, an outdoor heat exchanger 13 which
exchanges heat between a refrigerant and external air,
an outdoor expansion valve 15 which is used for an air
heating operation to depressurize and expand a refrig-
erant, a receiver 16 which stores a liquid refrigerant, a
supercooling heat exchanger 17 which supercools a lig-
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uid refrigerant, a supercooling expansion valve 18 which
controls an amount of a refrigerant distributed to the su-
percooling heat exchanger 17, a gas side operation valve
20, and a liquid side operation valve 21. Further, the out-
door unit 2 includes an outdoor controller 50. The outdoor
controller 50 controls the compressor 10, the four-way
valve 12, the outdoor expansion valve 15, the supercool-
ing expansion valve 18, and the like.

[0017] The devices of the outdoor unit 2 are sequen-
tially connected through a refrigerant pipe 22 to form an
outdoor side refrigerant circuit 23. More specifically, the
refrigerant pipe 22 includes an ejection pipe 22a which
connects the ejection side of the compressor 10 to the
four-way valve 12 and a suction pipe 22b which connects
the suction side of the compressor 10 to the four-way
valve 12. Further, the refrigerant pipe 22 includes an out-
door side liquid pipe 22¢ which connects one end 13a of
the outdoor heat exchanger 13 to the liquid side operation
valve 21 and an outdoor side gas pipe 22d which con-
nects the other end 13b of the outdoor heat exchanger
13 to the four-way valve 12.

[0018] Further, the outdoor unit 2 is provided with an
outdoor fan 24 which blows external air to the outdoor
heat exchanger 13. Additionally, an oil return circuit 25
which returns a predetermined amount of lubricant sep-
arated from an ejection refrigerant gas inside the oil sep-
arator 11 toward the compressor 10 is provided between
the oil separator 11 and the suction pipe 22b of the com-
pressor 10. The supercooling expansion valve 18 is pro-
vided at a branch liquid pipe 26 branched from the out-
door side liquid pipe 22c. The branch liquid pipe 26 is
connected to the suction pipe 22b through the supercool-
ing heat exchanger 17.

[0019] Inthe embodiment, the outdoor side refrigerant
circuit 23 is provided with various pressure sensors or
temperature sensors. Specifically, the ejection pipe 22a
between the compressor 10 and the four-way valve 12
is provided with a high-pressure sensor 41 which detects
a pressure of a high pressure refrigerant ejected from
the compressor 10. The suction pipe 22b between the
four-way valve 12 and the branch liquid pipe 26 is pro-
vided with a low-pressure sensor (a low pressure detec-
tion unit) 42 which detects a pressure (a low pressure)
of alow pressure refrigerant suctioned to the compressor
10. Further, the ejection pipe 22a between the compres-
sor 10 and the oil separator 11 is provided with an ejection
temperature sensor 43 which detects a temperature of
an ejected refrigerant. The suction pipe 22b between the
branch liquid pipe 26 and the compressor 10 is provided
with a suction temperature sensor 45 which detects a
temperature of a low pressure refrigerant suctioned to
the compressor 10.

[0020] The gas pipe 4 and the liquid pipe 5 constituting
the unit connection pipe 6 are refrigerant pipes connected
to the gas side operation valve 20 and the liquid side
operation valve 21 of the outdoor unit 2. The pipe lengths
thereof are appropriately set in response to a distance
between the outdoor unit 2 and each of the indoor units
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3A and 3B and the water temperature control unit 40 in
a construction site. A plurality of branching devices (not
illustrated) are provided in the course of the gas pipe 4
and the liquid pipe 5. An appropriate number of the indoor
units 3A and 3B and the water temperature control unit
40 are connected through the branching devices. Accord-
ingly, one refrigeration cycle (a refrigerant circuit) 7 is
configured in a hermetic state.

[0021] Each of the indoor units 3A and 3B includes an
indoor heat exchanger 30 which exchanges heat be-
tween indoor air and a refrigerant to cool or heat the in-
door air and provides the indoor air for an indoor air con-
ditioning operation, an indoor expansion valve 31 which
is used for an air cooling operation, and an indoor fan 32
which circulates indoor air through the indoor heat ex-
changer 30 and the indoor units are connected to the
branching device through indoor side branch gas pipes
33A and 33B and branch liquid pipes 34A and 34B. Fur-
ther, each of the indoor units 3A and 3B is provided with
an indoor controller 35 which controls the indoor expan-
sion valve 31 and the like. Additionally, each of the indoor
controllers 35 of the indoor units 3A and 3B is connected
to the outdoor controller 50.

[0022] The water temperature control unit 40 includes
a water heat exchanger 51 which exchanges heat be-
tween water and a refrigerant and a water temperature
control expansion valve (a control valve) 52 which is used
in an operation in which the water heat exchanger 51
serves as an evaporator and is connected to the branch-
ing device through an indoor side branch gas pipe 33C
and a branch liquid pipe 34C. For example, a plate type
heat exchanger is used as the water heat exchanger 51.
The water temperature control expansion valve 52 is pro-
vided at the refrigerant inlet side of the water heat ex-
changer 51 and is able to linearly adjust an opening de-
gree from a fully closed state to a fully opened state. An
operation in which the water heat exchanger 51 serves
as the evaporator includes a defrost operation of pre-
venting a frost of the outdoor heat exchanger 13 of the
outdoor unit 2 in addition to a cooling operation of cooling
water. Further, the water is a target heat exchange me-
dium which exchanges heat with a refrigerant and may
include brine.

[0023] The water temperature control unit 40 includes
a bypass pipe 53 which connects the branch gas pipe
33C and the branch liquid pipe 34C to each other and
bypasses the water heat exchanger 51 and the water
temperature controlexpansion valve 52. The bypass pipe
53 is provided with a bypass valve 54 which controls a
flow of a refrigerant in the bypass pipe 53 and a check
valve 55 which allows a flow of a refrigerant from the
branch liquid pipe 34C to the branch gas pipe 33C and
prohibits a flow in the opposite direction and these valves
are provided in series.

[0024] A water circulation path 63 including a circula-
tion pump 61 and a utilization heat exchanger 62 is con-
nected to the water heat exchanger 51 and heat is ex-
changed between the water and the refrigerant when the
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water is circulated in the water circulation path 63. The
utilization heat exchanger 62 is disposed inside a water
temperature control tank 60. Heat is exchanged between
utilization water stored in the water temperature control
tank 60 and the water circulated in the water circulation
path 63 so that the utilization water inside the water tem-
perature control tank 60 is heated or cooled to adjust a
temperature thereof. The utilization water of which a tem-
perature is adjusted is sent to a water utilizing facility (not
illustrated) and is used for an appropriate purpose in a
floor heating operation or an air heating operation or the
like.

[0025] The water temperature control unit 40 is provid-
ed with various temperature sensors detecting a temper-
ature of water and a refrigerant flowing through the water
heat exchanger 51. Specifically, the branch liquid pipe
34C of the water heat exchanger 51 is provided with an
inlet refrigerant temperature sensor 56 which detects an
inlet refrigerant temperature. The branch gas pipe 33C
of the water heat exchanger 51 is provided with an outlet
refrigeranttemperature sensor 57 which detects an outlet
refrigerant temperature. Further, the water circulation
path 63 of the water heat exchanger 51 is provided with
an inlet water temperature sensor 64 which detects an
inlet water temperature and an outlet water temperature
sensor 65 which detects an outlet water temperature.
Further, the water temperature control unit 40 includes
a water temperature controller 58 which is connected to
the outdoor controller 50 and controls the water temper-
ature control expansion valve 52, the bypass valve 54,
the circulation pump 61, and the like.

[0026] Next, an operation of the air conditioner 1 will
be described. In the embodiment, a cooling operation of
the water temperature control unit 40 is performed during
the air cooling operations of the indoor units 3A and 3B
and a heating operation of the water temperature control
unit 40 is performed during the air heating operations of
the indoor units 3A and 3B. The air cooling operation of
the air conditioner 1 is performed as below. Lubricant
included in the refrigerant is separated from a high-tem-
perature and high pressure refrigerant gas, which is com-
pressed by and ejected from the compressor 10, by the
oil separator 11. Subsequently, the refrigerant gas is cir-
culated to the outdoor heat exchanger 13 by the four-
way valve 12 and exchanges heat with the external air
blowing from the outdoor fan 24 by the outdoor heat ex-
changer 13 so that the gas is condensed and liquefied.
The liquid refrigerant passes through the outdoor expan-
sion valve 15 and is temporarily stored inside the receiver
16.

[0027] While passing through the supercooling heat
exchanger 17, the liquid refrigerant of which a circulation
amount is adjusted in the receiver 16 exchanges heat to
be supercooled with the refrigerant partially split from the
outdoor side liquid pipe 22c and adiabatically expanded
by the supercooling expansion valve 18. The liquid re-
frigerant is led from the outdoor unit 2 to the liquid pipe
5 through the liquid side operation valve 21 and is dis-
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tributed to the branch liquid pipes 34A, 34B, and 34C of
the water temperature control unit 40 and the indoor units
3A and 3B through the branching device. Meanwhile, the
refrigerant used for a supercooling operation flows into
the suction pipe 22b of the compressor 10 through the
branch liquid pipe 26.

[0028] The liquid refrigerant which is distributed to the
branch liquid pipes 34A and 34B flows into the indoor
units 3A and 3B, is adiabatically expanded by the indoor
expansion valves 31 to become a gas-liquid two-phase
flow, and flows into the indoor heat exchangers 30. In
the indoor heat exchanger 30, heat is exchanged be-
tween the refrigerant and the indoor air circulated by the
indoor fan 32 and thus the indoor air is cooled to be pro-
vided for an indoor air cooling operation. Meanwhile, the
refrigerant evaporates to become a gas and is integrated
at the gas pipe 4 through the branch gas pipes 33A and
33B.

[0029] Further, the liquid refrigerant which is distribut-
ed to the branch liquid pipe 34C flows into the water tem-
perature control unit 40, is adiabatically expanded by the
water temperature control expansion valve 52 to become
a gas-liquid two-phase flow, and flows into the water heat
exchanger 51. In the water heat exchanger 51, heat is
exchanged between the refrigerant and the water circu-
lated in the water circulation path 63 by the operation of
the circulation pump 61. The water is cooled to be pro-
vided to cool the utilization water inside the water tem-
perature control tank 60. Meanwhile, the refrigerant
evaporates to become a gas and flows through the
branch gas pipe 33C to be integrated with the refrigerants
flowing from the indoor units 3A and 3B at the gas pipe 4.
[0030] The refrigerant gas which is integrated at the
gas pipe 4 returns to the outdoor unit 2, passes through
the gas side operation valve 20 and the four-way valve
12, is integrated with the refrigerant gas from the super-
cooling heat exchanger 17, and is suctioned to the com-
pressor 10. The refrigerant is compressed again by the
compressor 10 and the above-described cycle is repeat-
ed to perform the cooling operation and the air cooling
operation.

[0031] Meanwhile, the air heating operation is per-
formed as below. Lubricant included in the refrigerant is
separated from a high-temperature and high pressure
refrigerant gas, which is compressed by and is ejected
from the compressor 10, by the oil separator 11. After
that, the refrigerant gas is circulated toward the gas side
operation valve 20 through the four-way valve 12. The
high pressure refrigerant gas is derived from the outdoor
unit 2 through the gas side operation valve 20 and the
gas pipe 4 and passes through the branch gas pipes 33A,
33B, and 33C to be introduced into the indoor units 3A
and 3B and the water temperature control unit 40.
[0032] The high-temperature and high pressure refrig-
erant gas which is introduced into the indoor units 3A and
3B exchanges heat with the indoor air circulated through
the indoor fan 32 at the indoor heat exchanger 30 and
thus the heated indoor air blows to an indoor area for the
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air heating operation. Meanwhile, the refrigerant which
is condensed and liquefied by the indoor heat exchanger
30 passes through the indoor expansion valve 31 and
the branch liquid pipes 34A and 34B to be integrated at
the liquid pipe 5 and returns to the outdoor unit 2.
[0033] Further, the high-temperature and high pres-
sure refrigerant gas which is introduced into the water
temperature control unit 40 exchanges heat with the wa-
ter circulated in the water circulation path 63 by the op-
eration of the circulation pump 61 of the water heat ex-
changer 51. Thereby the water is heated and is provided
to heat the utilization water inside the water temperature
control tank 60. Meanwhile, the refrigerant which is con-
densed and liquefied by the water heat exchanger 51
passes through the water temperature control expansion
valve 52 and the branch liquid pipe 34C, is integrated
with the refrigerants from the indoor units 3A and 3B at
the liquid pipe 5, and is returned to the outdoor unit 2.
[0034] Therefrigerant which returns to the outdoor unit
2 passes through the liquid side operation valve 21,
reaches the supercooling heat exchanger 17 to be su-
percooled similarly to the air cooling operation. Thereaf-
ter the refrigerant flows into the receiver 16 to be tempo-
rarily stored therein to adjust the circulation amount. The
liquid refrigerant is supplied to the outdoor expansion
valve 15 to be adiabatically expanded and flows into the
outdoor heat exchanger 13.

[0035] In the outdoor heat exchanger 13, heat is ex-
changed between the refrigerant and the external air
blowing from the outdoor fan 24 and the refrigerant takes
heat from the external air to evaporate as a gas. The
refrigerant passes through the four-way valve 12 from
the outdoor heat exchanger 13, is integrated with the
refrigerant gas from the supercooling heat exchanger 17.
Thereafter the refrigerant is suctioned to the compressor
10, and is compressed again by the compressor 10. The
above-described cycle is repeated to perform the air
heating operation and the heating operation.

[0036] Incidentally, inthe cooling operation of the water
temperature control unit 40, the water heat exchanger
51 of the water temperature control unit 40 serves as the
evaporator. Further, in the defrost operation of preventing
the defrost of the outdoor heat exchanger 13 in the air
heating operation, since the refrigerant flows in the same
direction as that of the cooling operation of the water
temperature control unit 40, the water heat exchanger
51 of the water temperature control unit 40 serves as the
evaporator. When the circulation of the water in the water
heat exchanger 51 is abnormally stopped or an outdoor
temperature extremely falls during the cooling operation
of the water temperature control unit 40 or the defrost
operation of the outdoor heat exchanger 13, the evapo-
ration temperature of the refrigerant supplied to the water
heat exchanger 51 decreases and thus the water inside
the water heat exchanger 51 is frozen and expanded. As
aresult, there is a concern that the water heat exchanger
51 may be damaged. For this reason, this configuration
has a configuration in which an anti-freezing process is
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performed to prevent a damage of the water heat ex-
changer 51.

[0037] FIG. 2 is a functional block diagram of the out-
door controller and the water temperature controller ac-
cording to the embodiment. The outdoor controller 50
includes, as illustrated in FIG. 2, an outdoor control unit
70, a freezing determination unit 71, a low-pressure pro-
tection value correction unit 72, and an anti-freezing con-
trol unit 73. Further, the compressor 10 and the low-pres-
sure sensor 42 are connected to the outdoor controller
50. Here, other devices connected to the outdoor con-
troller 50 are omitted.

[0038] The water temperature controller 58 includes a
water temperature control regulation unit 80 which is able
to communicate with the outdoor controller 50 and con-
trols the operation of the water temperature control unit
40 in cooperation with the outdoor control unit 70 of the
outdoor controller 50. The water temperature control ex-
pansion valve 52, the bypass valve 54, the circulation
pump 61, the inlet refrigerant temperature sensor 56, and
the outlet refrigerant temperature sensor 57 are connect-
ed to the water temperature controller 58. Here, other
devices connected to the water temperature controller
58 are omitted.

[0039] The outdoor control unit 70 controls an entire
operation of the air conditioner 1. The freezing determi-
nation unit 71 determines whether the water flowing
through the water heat exchanger 51is going to be frozen
during the cooling operation of the water temperature
control unit 40 or the defrost operation of the outdoor
heat exchanger 13. In the embodiment, the possibility of
the freezing of the water is determined on the basis of
the pressure of the refrigerant circulated between the
units. According to this configuration, it is possible to de-
tect the possibility that the water is going to be partly
frozen in the microscopic structure inside the water heat
exchanger 51 even when the refrigerant circulation
amount is small and the refrigerant temperature cannot
be highly accurately detected by, for example, the inlet
refrigerant temperature sensor 56 and the outlet refrig-
erant temperature sensor 57 so that the possibility of the
freezing of the water cannot be detected. Specifically,
the freezing determination unit 71 compares a low pres-
sure LP of the low pressure refrigerant detected by the
low-pressure sensor 42 with a predetermined low pres-
sure-protection value LPypy,, and determines that the
water is going to be frozen when the low pressure LP is
lower thanthe low-pressure protection value LP . The
low-pressure protection value LPy,m, is a reference val-
ue which is set in consideration of the pressure loss of
the refrigerant generated when the refrigerant flows
through the unit connection pipe 6 connecting the outdoor
unit 2 and the water temperature control unit 40 to each
other. The low pressure LP of the low pressure refrigerant
which is detected by the low-pressure sensor 42 is being
avalue which is lower by the pressure loss than the pres-
sure of the refrigerant flowing through the water heat ex-
changer 51. For this reason, a value obtained by sub-
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tracting a value corresponding to the pressure loss from
the value of the low pressure LP is set as the low-pressure
protection value LP,,, and the possibility of the freezing
of the water is determined on the basis of the low-pres-
sure protection value LP . Accordingly, it is possible
to simply and highly accurately determine whether the
water inside the water heat exchanger 51 is going to be
frozen even in a configuration in which the water temper-
ature control unit 40 is disposed at a position separated
from the outdoor unit 2.

[0040] The low-pressure protection value correction
unit 72 corrects the low-pressure protectionvalue LP
in accordance with the operation state of the water tem-
perature control unit 40. The pressure loss of the refrig-
erant changes in accordance with the amount of the re-
frigerant flowing through the unit connection pipe 6.
Therefore, it is possible to improve the accuracy of the
low-pressure protection value LP,,, serving as a refer-
ence value used to determine the possibility of the freez-
ing of the water by correcting the low-pressure protection
value LPp, in accordance with the operation state of
the water temperature control unit 40. The anti-freezing
control unit 73 performs an anti-freezing operation to pre-
vent the water from being frozen when the possibility of
the freezing of the water is determined under the control
of the outdoor control unit 70. A detailed operation will
be described below.

[0041] The water temperature control regulation unit
80 of the water temperature control unit 40 monitors the
inlet temperature and the outlet temperature of the re-
frigerant flowing through the water heat exchanger 51 by
the use of the inlet refrigerant temperature sensor 56 and
the outlet refrigerant temperature sensor 57. Further, the
water temperature control regulation unit 80 stores a
freezing reference temperature, an anti-frost tempera-
ture, and an anti-frost cancellation temperature which are
setin advance. The water temperature control regulation
unit 80 outputs a signal to the outdoor control unit 70
whenever the detected inlet temperature or outlet tem-
perature of the refrigerant reaches the freezing reference
temperature, the anti-frost temperature, or the anti-frost
cancellation temperature. The freezing reference tem-
perature indicates a temperature at which the water in-
side the water heat exchanger 51 is going to be frozen
with high possibility when the inlet temperature or the
outlet temperature of the refrigerant flowing through the
water heat exchanger 51 falls to the freezing reference
temperature, the freezing reference temperature is set
to 0°C in the embodiment. When the inlet temperature
or the outlet temperature of the refrigerant reaches the
freezing reference temperature, the water temperature
control regulation unit 80 performs a thermo-off operation
of the water temperature control unit 40 in order to stop
the operation of the water temperature control unit 40.
Further, the water temperature control regulation unit 80
may perform a control in which the water temperature
control expansion valve 52 is closed and the bypass valve
54 is opened instead of the thermo-off operation.
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[0042] Further, the anti-frost temperature indicates a
temperature at which the water inside the water heat ex-
changer 51 is expected to be going to be frozen. The
anti-frost temperature is set to a temperature higher than
the freezing reference temperature (in the embodiment,
3°C) and is used to correct the low-pressure protection
value LP . Further, the anti-frost cancellation temper-
ature indicates a temperature at which the water inside
the water heat exchanger 51 is expected not going to be
frozen and is set to a temperature higher than the anti-
frost temperature (in the embodiment, 5°C). These val-
ues of the freezing reference temperature, the anti-frost
temperature, and the anti-frost cancellation temperature
can be appropriately changed.

[0043] Next, a determination process operation of de-
termining the possibility of the freezing of the water will
be described. The determination process operation is
performed in an operation in which the water heat ex-
changer 51 of the water temperature control unit 40
serves as the evaporator. Here, the defrost operation of
the outdoor heat exchanger 13 will be exemplified. When
the defrost operationis performed, the water temperature
control regulation unit 80 monitors the inlet temperature
and the outlet temperature of the refrigerant flowing
through the water heat exchanger 51.

[0044] Further, the freezing determination unit 71 ac-
quires the low pressure LP of the low pressure refrigerant
detected by the low-pressure sensor 42 and reads the
predetermined low-pressure protection value LP,,,,
during the defrost operation. The freezing determination
unit 71 thereby monitors whether the low pressure LP
becomes lower than the low-pressure protection value
LPyhmy- At the same time, the low-pressure protection
value correction unit 72 corrects the low-pressure pro-
tection value LP,,,,, on the basis of the monitored refrig-
erant temperature. Specifically, when the inlet tempera-
ture and the outlet temperature of the refrigerant fall to
the anti-frost temperature, the low-pressure protection
value LP,pm, is corrected to a value obtained by adding
a predetermined value to the former value. Meanwhile,
when the inlet temperature and the outlet temperature of
the refrigerant rise to the anti-frost cancellation temper-
ature, the low-pressure protection value LPp,, is cor-
rected to a value obtained by subtracting a predeter-
mined value from the former value after this state is con-
tinued for a predetermined time. In this way, since the
low-pressure protection value LP ., is corrected on the
basis of the temperature of the refrigerant flowing through
the water heat exchanger 51, it is possible to further im-
prove the determination accuracy in the possibility of the
freezing of the water.

[0045] In the determination process, the freezing de-
termination unit 71 determines that the water is going to
be frozen when the low pressure LP becomes lower than
the low-pressure protection value LP . Then, the anti-
freezing control unit 73 performs a control so that the low
pressure LP rises to a value equal to or larger than the
low-pressure protection value LP,,,, by decreasing the
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operation frequency (ability) of the compressor 10. Fur-
ther, the anti-freezing control unit 73 performs a control
in which the water temperature control expansion valve
52 is closed and the bypass valve 54 is opened through
the water temperature control regulation unit 80 along
with the operation frequency control of the compressor
10. Accordingly, since the refrigerant flows through the
bypass pipe 53, it is possible to prevent the refrigerant
from flowing into the water heat exchanger 51 and to
prevent the water flowing through the water heat ex-
changer 51 from being frozen. Further, since the high-
temperature refrigerant bypasses the water heat ex-
changer 51, it is possible to expect a case where an op-
eration point changes in a direction in which the freezing
of the water is prevented in accordance with an increase
in low pressure of the air conditioner 1. Furthermore,
since heat can be drawn from the indoor air by the heat
exchange between the refrigerant and the indoor air at
the indoor heat exchangers 30 of the indoor units 3A and
3B in the defrost operation, it is possible to continuously
perform the defrost operation without stopping the out-
door unit 2 or the indoor units 3A and 3B.

[0046] Next, the other embodiment will be described.
FIG. 3 is a circuit configuration diagram of a refrigeration
cycle device according to the other embodiment. A re-
frigeration cycle device 1A includes one outdoor unit 2
and a plurality of (two in FIG. 3) water temperature control
units 40A and 40B which are connected in parallel to the
outdoor unit 2. That is, the refrigeration cycle device 1A
does not include an indoor unit differently from the air
conditioner 1. The configurations of the outdoor unit 2
and the water temperature control units 40A and 40B are
similar to those of the above-described examples and
the water temperature control units 40A and 40B are con-
nected to a branching device through branch gas pipes
133A and 133B and branch liquid pipes 134A and 134B.
Further, the same reference numerals will be given to
the other components and a description thereof will be
omitted. Further, the embodiment has a feature in an
anti-freezing process operation, but since a determina-
tion process of determining whether water is going to be
frozen is the same, a description thereof will be omitted.
[0047] The air conditioner 1 determines that water is
going to be frozen when the low pressure LP becomes
lower than the low-pressure protection value LP 1, dur-
ing the defrost operation and performs a control so that
the water temperature control expansion valve 52 is
closed and the bypass valve 54 is opened via the water
temperature control regulation unit 80. Accordingly, the
defrost operation can be continuously performed in such
amanner thattheindoor heatexchangers 30 of theindoor
units 3A and 3B draw heat from indoor air.

[0048] In contrast, since the refrigeration cycle device
1A according to the other embodiment includes the water
temperature control units 40A and 40B and does not in-
clude the indoor unit, heat cannot be drawn from the in-
door air. For this reason, when itis determined that water
is going to be frozen, the anti-freezing control unit 73 can
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increase a temperature of the refrigerant flowing through
the refrigeration circuit to a freezing determination tem-
perature or more by decreasing an operation frequency
(ability) of the compressor 10. Additionally, the anti-freez-
ing control unit 73 performs a control so that the circula-
tion pump 61 is continuously operated via the water tem-
perature control regulation unit 80. Accordingly, water
which is heated by the water temperature control tank 60
is supplied to the water heat exchanger 51 via the water
circulation path 63 in a circulation manner. For this rea-
son, since the refrigerant which flows into the water heat
exchanger 51 can draw heat from the heated water while
exchanging heat with the circulated water, the defrost
operation can be continued without the stop of the out-
door unit 2.

[0049] As described above, each of the air conditioner
1 and the refrigeration cycle device 1A includes the
outdoor unit 2 which includes the compressor 10
compressing a refrigerant and the outdoor heat
exchanger 13 exchanging heat between arefrigerantand
external air and the water temperature control unit 40
which includes the water heat exchanger 51 connected
to the outdoor unit 2 through the unit connection pipe 6.
The water heat exchanger 51 exchanges heat between
water and a refrigerant supplied from the outdoor unit 2.
Each of the air conditioner 1 and the refrigeration cycle
device 1A further includes the low-pressure sensor 42
which detects a low pressure LP of a refrigerant at a
suction side of the compressor 10 and the freezing
determination unit 71. The freezing determination unit 71
determines that water flowing through the water heat
exchanger 51 is going to be frozen when the low pressure
LP is lowerthan a predetermined low-pressure protection
value LPp,m, during an operation in which the water heat
exchanger 51 serves as an evaporator. The low-pressure
protection value LP,.,, is set in consideration of
pressure loss generated when a refrigerant flows through
the unit connection pipe 6 during an operation in which
the water heat exchanger 51 serves as an evaporator.
Thereby it is possible to highly accurately determine
whether water in the water heat exchanger 51 is going
to be frozen even in a configuration in which the water
temperature control unit 40 is disposed at a position
separated from the outdoor unit 2.

[0050] Further, according to the embodiment, the low-
pressure protection value correction unit 72 is provided
which corrects the low-pressure protection value LPpy,
to a high value when a temperature of the refrigerant
flowing through the water heat exchanger 51 falls to the
anti-frost temperature higher than the freezing reference
temperature of the water, and corrects the low-pressure
protection value LP,,, to a low value when the temper-
ature of the refrigerant rises to the anti-frost cancellation
temperature higher than the anti-frost temperature.
Thereby itis possible to furtherimprove the determination
accuracy by correcting the low-pressure protection value
LP,hmyu corresponding to a reference for determining
whether the water is going to be frozen in accordance
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with the operation state of the water temperature control
unit 40.

[0051] Further, according to the embodiment, the in-
door units 3A and 3B which are connected to the outdoor
unit 2 in parallel to the water temperature control unit 40
includes the indoor heat exchanger 30 exchanging heat
between a refrigerant and indoor air is provided. The wa-
ter temperature control unit 40 includes the water tem-
perature control expansion valve 52 which is provided at
a refrigerant inlet side of the water heat exchanger 51,
the bypass pipe 53 which bypasses the water tempera-
ture control expansion valve 52 and the water heat ex-
changer 51, and the bypass valve 54 which is provided
in the bypass pipe 53. The anti-freezing control unit 73
is provided which prevents water from being frozen by
closing the water temperature control expansion valve
52 and opening the bypass valve 54 when the freezing
determination unit 71 determines that water flowing
through the water heat exchanger 51 is going to be fro-
zen. Thereby it is possible to prevent water flowing
through the water heat exchanger 51 from being frozen
without disturbing the operations of the outdoor unit 2
and the indoor units 3A and 3B. Further, since a high-
temperature refrigerant bypasses the water heat ex-
changer 51, it is possible to expect a case where an op-
eration point changes in a direction in which freezing is
preventedin accordance with anincreasein low pressure
of the air conditioner 1 or the refrigeration cycle device
1A.

[0052] Further, according to the embodiment, the wa-
ter temperature control unit 40 includes the water circu-
lation path 63 which supplies water to the water heat
exchanger 51 in a circulation manner. The anti-freezing
control unit 73 is provided which prevents water from
being frozen by decreasing the ability of the compressor
10 and supplying water to the water heat exchanger 51
in a circulation manner when the freezing determination
unit 71 determines that water flowing through the water
heat exchanger 51 is going to be frozen. Thereby it is
possible to decrease an amount of a refrigerant flowing
into the water heat exchanger 51. Further, since the re-
frigerant flowing into the water heat exchanger 51 ex-
changes heat with circulated water, it is possible to pre-
vent water flowing through the water heat exchanger 51
from being frozen without disturbing the operation of the
outdoor unit 2.

[0053] While one embodiment of the invention has
been described, the embodiment is merely an example
and does not limit the scope of the invention. The em-
bodiment can be modified into various forms and various
omissions, substitutions, and modifications can be made
without departing from the scope of the invention as de-
fined by the claims. When the embodiment or the modi-
fication thereof is included in the scope of the invention,
the embodiment or the modification thereof is also includ-
ed in the invention of claims and the equivalent thereof.
In the embodiment, the defrost operation has been de-
scribed as an operation in which the water heat exchang-
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er 51 of the water temperature control unit 40 serves as
the evaporator, but a water cooling operation may be, of
course, used.

Claims

1. Arefrigeration cycle device (1) including an outdoor
unit (2) which includes a compressor (10) compress-
ing a refrigerant and an outdoor heat exchanger (13)
exchanging heat between a refrigerant and external
air and a water temperature control unit (40) which
includes a water heat exchanger connected to the
outdoor unit (2) through a unit connection pipe (6),
the water heat exchanger (51) exchanging heat be-
tween water and the refrigerant supplied from the
outdoor unit (2), the refrigeration cycle device (1) be-
ing characterized in that it comprises:

alow pressure detection unit which is configured
to detect a low pressure of the refrigerant at a
suction side of the compressor (10); and

a freezing determination unit (71) which is con-
figured to determine that the water flowing
through the water heat exchanger (51) is going
to be frozen when the low pressure is lower than
a predetermined low-pressure protection value
during an operation in which the water heat ex-
changer (51) serves as an evaporator, the low-
pressure protection value set in consideration
of pressure loss generated by flow of the refrig-
erant through the unit connection pipe (6).

2. The refrigeration cycle device (1) according to claim
1, further comprising:

a low-pressure protection value correction unit
(72) which is configured to correct the low-pres-
sure protection value to a high value when a
temperature of the refrigerant flowing through
the water heat exchanger (51) decreases to an
anti-frosttemperature higher than a freezing ref-
erence temperature of the water, and is config-
ured to correct the low-pressure protection value
to a low value when a temperature of the refrig-
erantincreases to an anti-frost cancellation tem-
perature higher than the anti-frost temperature.

3. The refrigeration cycle device (1) according to claim
1 or 2, further comprising:

an indoor unit (3A, 3B) which is connected to
the outdoor unit (2) in parallel to the water tem-
perature control unit (40) and includes an indoor
heat exchanger (30) exchanging heat between
the refrigerant and indoor air,

wherein the water temperature control unit (40)
includes a control valve which is provided at a
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refrigerant inlet side of the water heat exchanger
(51), a bypass pipe (53) which is configured to
bypass the control valve and the water heat ex-
changer (51), and a bypass valve (54) which is
provided in the bypass pipe, and

wherein the refrigeration cycle device (1) further
comprises an anti-freezing control unit (73)
which prevents water from being frozen by clos-
ing the control valve and opening the bypass
valve (54) when the freezing determination unit
(71) determines that the water flowing through
the water heat exchanger (51) is going to be
frozen.

The refrigeration cycle device (1) according to claim
1o0r2,

wherein the water temperature control unit (40) in-
cludes a water circulation path which is configured
to supply the water to the water heat exchanger (51)
in a circulation manner, and

wherein the refrigeration cycle device (1) further
comprises an anti-freezing control unit (73) which is
configured to prevent water from being frozen by de-
creasing an ability of the compressor (10) and sup-
plying the water to the water heat exchanger (51) in
a circulation manner when the freezing determina-
tion unit (71) determines that the water flowing
through the water heat exchanger (51) is going to be
frozen.

The refrigeration cycle device (1) according to any
one of claims 1 to 4, wherein the operation in which
the water heat exchanger (51) serves as the evap-
orator includes a defrost operation of preventing a
frost of the outdoor heat exchanger (13).
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FIG.2
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