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(54) REFRIGERATION CYCLE DEVICE

when the temperature of the water heat exchanger is
below a set value. An outdoor controller of the outdoor

(57)  Arefrigeration cycle device with excellent safety
that can prevent water in a water heat exchanger from

freezing.

A water heat exchange unit includes a water heat
exchanger, a pump for circulating water between a water
flow path of the water heat exchanger and a load, and a
water heat controller, and is operated by a power source
different from that of the outdoor unit and the indoor unit.
The water heat exchanger controller operates the pump

Ct

unit permits operation of the refrigeration cycle device
when the number of operable water heat exchange units
reaches a specified number of units, and prohibits oper-
ation of the refrigeration cycle device when the number
of operable units does not reach the specified number of
units.
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Description
Technical Field

[0001] Embodiments of the present invention relate to
arefrigeration cycle device provided with an outdoor unit,
an indoor unit, and a water heat exchange unit.

Background Art

[0002] A refrigeration cycle device (also referred to as
a heat pump type heat source device) comprising a heat
pump type refrigeration cycle in which a compressor and
an outdoor heat exchanger of an outdoor unit, an indoor
heat exchanger of an indoor unit, and a water heat ex-
changer of a water heat exchange unit, etc., are connect-
ed by piping, is known. In addition to cooling and heating
operations, this refrigeration cycle device is capable of
performing a cold water supply operation, in which cold
water is supplied, and a hot water supply operation, in
which hot water is supplied, from the water heat ex-
change unit to a load (a radiator or a hot water tank).
[0003] When the heating operation or the hot water
supply operation is executed, frost gradually adheres to
the surface of the outdoor heat exchanger that functions
as an evaporator, and the heat exchange amount of the
outdoor heat exchanger gradually decreases if no meas-
ures are taken. As a countermeasure, the above-men-
tioned refrigeration cycle device periodically or as nec-
essary executes a defrosting operation, in which a dis-
charge refrigerant (high temperature refrigerant) of the
compressor is directly supplied to the outdoor heat ex-
changer during the heating operation and the hot water
supply operation.

[0004] However, when the refrigerant after defrosting
the outdoor heat exchanger flows into the water heat ex-
changer, such as in the case where the outside temper-
ature is low, the temperature of the water heat exchanger
may drop significantly and the water in the water heat
exchanger may freeze. If the water in the water heat ex-
changer freezes, there is a possibility that the water heat
exchanger may burst. To prevent the freezing and burst-
ing from occurring, the above-mentioned refrigeration cy-
cle device operates the pump of the water heat exchange
unit to distribute water to the water heat exchanger in the
case where the temperature of the water heat exchanger
drops to or below a set value, thereby executing a freeze
prevention operation to preventthe water heat exchanger
from freezing.
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Summary of Invention
Technical Problem

[0006] The power supply of an unused water heat ex-
change unit may be cut off by a user. Even if the refrig-
erant after defrosting flows into the water heat exchanger
of the unused water heat exchange unit and the temper-
ature of the water heat exchanger drops, in a state where
the power supply of the water heat exchange unit is cut
off, the pump cannot execute the freeze prevention op-
eration. There is a possibility that the water in the water
heat exchanger may freeze without being able to execute
the freeze prevention operation.

[0007] Embodiments described herein aim to provide
a refrigeration cycle device with excellent safety that can
prevent the water in the water heat exchanger from freez-

ing.
Solution to Problem

[0008] A refrigeration cycle device of one embodiment
comprising; an outdoor unit including a compressor, an
outdoor heat exchanger, and an outdoor controller; an
indoor unit including an indoor heat exchanger; and a
water heat exchange unit including a water heat ex-
changer, a pump that circulates water between a water
flow path of the water heat exchanger and a load, and a
water heat controller, and operated by a power supply
that is different from power supplies of the outdoor unit
and the indoor unit. The water heat exchange controller
operates the pump in a case where a temperature of the
water heat exchanger is below a set value. The outdoor
controller permits operation of the refrigeration cycle de-
vice in a case where the number of operable units of the
water heat exchange unit reaches a specified number of
units, and prohibits operation of the refrigeration cycle
device in a case where the number of operable units of
the water heat exchange unit does notreach the specified
number of units.

Brief Description of Drawings
[0009]

FIG. 1 is a block diagram showing a configuration of
an embodiment.

FIG. 2 is a flowchart showing the control of an indoor
controller according to an embodiment.

FIG. 3 is a flowchart showing the control of a water
heat controller according to an embodiment.

FIG. 4 is a flowchart showing the control of an out-
door controller according to an embodiment.

Mode for Carrying Out the Invention

[0010] An embodiment of a refrigeration cycle device
is described below with reference to the drawings.
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[0011] As shown in FIG. 1, one end of a plurality of
indoor heat exchangers 11 and one end of a refrigerant
flow path 21a in a plurality of water heat exchangers 21
are pipe-connected to a discharge port of a compressor
1 via a four-way valve 2, and the other end of each indoor
heat exchanger 11 and the other end of the refrigerant
flow path 21a in each water heat exchanger 21 are pipe-
connected to one end of an expansion valve (pressure
reducer) 3 via a flow control valve (first flow control valve)
12 and a flow control valve (second flow control valve)
22, respectively. Furthermore, one end of an outdoor
heat exchanger 4 is pipe-connected to the other end of
the expansion valve 3, and the other end of the outdoor
heat exchanger 4 is pipe-connected to a suction port of
the compressor 1 via the above four-way valve 2 and an
accumulator 5. The heat pump type refrigeration cycle is
configured by connecting these pipes.

[0012] Eachflowcontrolvalve 12is a pulse motor valve
(PMV) whose opening degree varies continuously from
fully closed to fully open in accordance with the number
of drive pulse voltages supplied, and its opening degree
variation adjusts the flow rate of refrigerant to the indoor
heat exchanger 11. Each flow control valve 22 is also a
pulse motor valve (PMV) whose opening degree varies
continuously from fully closed to fully open in accordance
with the number of drive pulse voltages supplied, and its
opening degree variation adjusts the flow rate of refrig-
erant to the refrigerant flow path 21a of each water heat
exchanger 21.

[0013] During the heating operation or the hot water
supply operation, a small amount of refrigerant may leak
and flow from the respective flow control valves 12 and
22 to the indoor heat exchanger 11 side and the water
heat exchanger 21 side even when the respective flow
control valves 12 and 22 are fully closed.

[0014] During the heating operation, as shown by the
arrows, a gas refrigerant discharged from the compres-
sor 1 flows through the four-way valve 2 to each indoor
heat exchanger 11. The gas refrigerant flowing into each
indoor heat exchanger 11 is condensed by losing heat
to indoor air. The liquid refrigerant flowing out of each
indoor heat exchanger 11 passes through each flow con-
trol valve 12, is further depressurized by the expansion
valve 3, and flows into the outdoor heat exchanger 4.
The liquid refrigerant flowing into the outdoor heat ex-
changer 4 draws heat from the outside air and vaporizes.
The gas refrigerant flowing out of the outdoor heat ex-
changer 4 is sucked into the compressor 1 through the
four-way valve 2 and the accumulator 5. That is, a refrig-
erant flow path (also referred to as a heating cycle) is
formed in which each indoor heat exchanger 11 functions
as a condenser and the outdoor heat exchanger 4 func-
tions as an evaporator.

[0015] Duringthe hotwater supply operation (hot water
heating operation), as shown by the arrows, a gas refrig-
erant discharged from the compressor 1 flows through
the four-way valve 2 into the refrigerant flow path 21a of
each water heat exchanger 21. The gas refrigerant flow-
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ing in each refrigerant flow path 21a is condensed by
losing heat to water flowing in each water flow path 21b.
The liquid refrigerant flowing out of each refrigerant flow
path 21a passes through each flow control valve 22, is
further depressurized by the expansion valve 3, and flows
into the outdoor heat exchanger (evaporator) 4. The lig-
uid refrigerant flowing into the outdoor heat exchanger 4
draws heat from the outside air and vaporizes. The gas
refrigerant flowing out of the outdoor heat exchanger 4
is sucked into the compressor 1 through the four-way
valve 2 and the accumulator 5. That is, a refrigerant flow
path (also referred to as a hot water supply cycle) is
formed in which the refrigerant flow path 21a of each
water heat exchanger 21 functions as a condenser and
the outdoor heat exchanger 4 functions as an evaporator.
[0016] During the cooling operation, the flow path of
the four-way valve 2 is switched, and the gas refrigerant
discharged from the compressor 1 flows through the four-
way valve 2 into the outdoor heat exchanger 4.

[0017] The gas refrigerant flowing in the outdoor heat
exchanger 4 is condensed by releasing heat to the out-
side air. The liquid refrigerant flowing out of the outdoor
heat exchanger 4 is depressurized by the expansion
valve 3 and further flows through each flow control valve
12 to each indoor heat exchanger 11. The liquid refrig-
erant flowing in each indoor heat exchanger 11 vaporizes
by taking heat from the indoor air. The gas refrigerant
flowing out of each indoor heat exchanger 11 is sucked
into the compressor 1 through the four-way valve 2 and
the accumulator 5. That is, a refrigerant flow path (also
referred to as a cooling cycle) is formed in which the
outdoor heat exchanger 4 functions as a condenser and
each indoor heat exchanger 11 functions as an evapo-
rator.

[0018] During the cold water supply operation, as in
the cooling operation, the flow path of the four-way valve
2 is switched so that a gas refrigerant discharged from
the compressor 1 flows through the four-way valve 2 to
the outdoor heatexchanger 4. The gasrefrigerant flowing
in the outdoor heat exchanger 4 is condensed by releas-
ing heat to the outside air. The liquid refrigerant flowing
out of the outdoor heat exchanger 4 is depressurized by
the expansion valve 3 and further flows through each
flow control valve 22 to the refrigerant flow path 21a of
each water heat exchanger 21. The liquid refrigerant
flowing in each refrigerant flow path 21a vaporizes by
taking heat from the water flowing in each water flow path
21b. The gas refrigerant flowing out of each refrigerant
flow path 21a is sucked into the compressor 1 through
the four-way valve 2 and the accumulator 5. That is, a
refrigerant flow path (also referred to as a cold water sup-
ply cycle) is formed in which the outdoor heat exchanger
4 functions as a condenser and the refrigerant flow path
21a of each water heat exchanger 21 functions as an
evaporator.

[0019] In the vicinity of the outdoor heat exchanger 4,
an outdoor fan 6 is arranged to suck in outdoor air and
pass it through the outdoor heat exchanger 4, and an
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outdoor air temperature sensor 7 is arranged to detect a
temperature To of the air (outdoor air) sucked in by the
outdoor fan 6. A heat exchanger temperature sensor 8
to detect a temperature Tc of the outdoor heat exchanger
4 is attached to the outdoor heat exchanger 4.

[0020] An indoor fan 13 and an indoor temperature
sensor 14 are respectively disposed in the vicinity of each
indoor heat exchanger 11. Each indoor fan 13 sucks in
indoor air and passes the sucked air through each indoor
heat exchanger 11. Each indoor temperature sensor 14
detects a temperature (indoor temperature) Ta of the air
sucked in by each indoor fan 13.

[0021] Each water heat exchanger 21 exchanges heat
between refrigerant that passes through the refrigerant
flow path 21a and water that passes through the water
flow path 21b. The inlet of each water flow path 21b is
connected to the water flow outlet of loads L1 to Ln via
a water pipe 23 and a pump 24 arranged in the water
pipe 23, respectively. The loads L1 toLnare, forexample,
radiators and hot water tanks. The outlets of each water
flow path 21b are connected to the water flow inlets of
the loads L1 to Ln via water pipes 25, respectively. With
the operation of each pump 24, the water contained in
the loads L1 to Ln circulates through each water pipe 23,
each water flow path 21b, and each water pipe 25. An
electric heater 26 is disposed between where each pump
24 is disposed in each water pipe 23 and the inlet of each
water flow path 21b, respectively, as an auxiliary heat
source to heat the water. A water temperature sensor 27
to detect a temperature Tw of the water is respectively
attached to the outlet of each water flow path 21b.
[0022] The above-mentioned outdoor unit 1, four-way
valve 2, expansion valve 3, outdoor heat exchanger 4,
accumulator 5, outdoor fan 6, outdoor air temperature
sensor 7, and heat exchanger temperature sensor 8 are
housed in an outdoor unit A together with an outdoor
controller 10. The outdoor unit A is connected to an AC
power supply (first power supply) 30 for the outdoor unit
via a power line 31 and a power switch 32 inserted and
connected to the power line 31. When the power switch
32is turned on by a user, an AC voltage of the AC power
supply 30 is supplied to the outdoor unit A. The supply
of this power voltage enables the operation of the outdoor
unitA, including the operation of the outdoor controller 10.
[0023] Each of the above-mentioned indoor heat ex-
changers 11, each of the above-mentioned flow control
valves 12, each of the above-mentioned indoor fans 13,
and each of the above-mentioned indoor temperature
sensors 14, together with each indoor controller 15, are
housed in a plurality of indoor units B1, B2, ... Bn, re-
spectively. These indoor units B1 to Bn are connected
to an AC power supply (second power supply) 40 for
indoor units via a power line 41 and power switches 42a
to 42n inserted and connected to the power line 41, re-
spectively. When the power switches 42a to 42n are
tuned on by a user, an AC voltage of the AC power supply
40 is supplied to the indoor units B1 to Bn, respectively.
The supply of this power voltage enables the operation
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of the indoor units B1 to Bn, including the operation of
the respective indoor controllers 15, respectively.
[0024] An operation indicator 15ais connected to each
indoor controller 15, respectively. These operation indi-
cators 15a include an operation button for designating
the start and stop of operation, an operation button for
an indoor set temperature Ts, and a display screen for
displaying an operation status and the like by text or im-
ages.

[0025] Each of the above-mentioned water heat ex-
changers 21, each of the above-mentioned water pipes
23, each of the above-mentioned pumps 24, each of the
above-mentioned water pipes 25, each of the above-
mentioned heaters 26, and each of the above-mentioned
water temperature sensors 27, together with each water
heat controller 28, are housed in a plurality of water heat
exchange units C1 to Cn, respectively. The water heat
exchange units C1 to Cn are connected to an AC power
supply (third power supply) 50 for water heat exchange
units via a power line 51 and power switches 52a to 52n
inserted and connected to the powerline 51, respectively.
When the power switches 52a to 52n are turned on by a
user, the AC voltage of the AC power supply 50 is sup-
plied to the water heat exchange units C1 to Cn, respec-
tively. The supply of this power voltage enables the op-
eration of the water heat exchange units C1 to Cn, in-
cluding the operation of each water heat controller 28,
respectively.

[0026] An operation indicator 28ais connected to each
of the water heat controllers 28, respectively. These op-
eration indicators 28a include an operation button for
designating the start and stop of operation, an operation
button for a water setting temperature Tws for the water
heat exchange units C1 to Cn, and a display screen for
displaying an operation status and the like by text or im-
ages.

[0027] Thus, a multi-type refrigeration cycle device (al-
so referred to as a heat pump type heat source device)
is configured in which indoor units B1 to Bn and water
heat exchange units C1 to Cn are connected in parallel
to the outdoor unit A.

[0028] The outdoor controller 10 of the outdoor unit A
comprehensively controls the operation of the outdoor
unit A, the operation of the indoor units B1 to Bn, and the
operation of the water heat exchange units C1 to Cn in
response to the user operation of each operation indica-
tor 15a and each operation indicator 28a, and includes
as its main functions a first control section 10a, a second
control section 10b, a third control section 10c, a fourth
control section 10d, and a fifth control section 10e.
[0029] The first control section 10a forms a refrigerant
flow path (heating cycle) in which each indoor heat ex-
changer 11 functions as a condenser and the outdoor
heat exchanger 4 functions as an evaporator during the
heating operation of the indoor units B1 to Bn. In addition,
the first control section 10a forms a refrigerant flow path
(hotwater supply cycle) in which the refrigerant flow path
21a of each water heat exchanger 21 functions respec-
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tively as a condenser and the outdoor heat exchanger 4
functions as an evaporator during the hot water supply
operation in which hot water is supplied from the water
heat exchange units C1 to Cn to the loads L1 to Ln.
[0030] The second control section 10b forms a refrig-
erant flow path (cooling cycle) in which the outdoor heat
exchanger 4 functions as a condenser and each indoor
heat exchanger 11 functions as an evaporator during the
cooling operation of the indoor units B1 to Bn. In addition,
the second control section 10b forms a (cold water supply
cycle) in which the outdoor heat exchanger 4 functions
as a condenser and the refrigerant flow path 21a of each
water heat exchanger 21 functions respectively as an
evaporator during the cold water supply operation in
which cold water is supplied from the water heat ex-
change units C1 to Cn to the loads L1 to Ln.

[0031] The third control section 10c detects, during the
above-mentioned heating operation and the above-men-
tioned hot water supply operation, the amount of frost on
the outdoor heat exchanger 4 based on the temperature
(evaporation temperature) Tc of the outdoor heat ex-
changer 4 detected by the heat exchanger temperature
sensor 8. In the case where the amount of frost on the
outdoor heat exchanger 4 is equal to or exceeds a spec-
ified amount, the refrigerant flow direction is switched to
a defrosting cycle that is the same as the cooling cycle
and the cold water supply cycle, which are opposite to
the heating cycle and the hot water supply cycle, and the
defrosting operation is executed in which a discharge
refrigerant (high temperature refrigerant) of the compres-
sor 1 flows directly into the outdoor heat exchanger 4
through the four-way valve 2 to remove the frost on the
outdoor heat exchanger 4 by the heat of the refrigerant.
This defrosting operation is continued until the amount
of frost decreases to less than the specified amount or
until a certain time elapses.

[0032] Atthe firsttrial operation after the installation of
the refrigeration cycle device is completed, or at the first
trial operation after the indoor units B1 to Bn or the water
heat exchange units C1 to Cn are added or reduced, the
fourth control section 10d communicates mutually with
each indoor controller 15 of the indoor units B1 to Bn and
each water heat controller 28 of the water heat exchange
units C1 to Cn via a communication line 60 to detect a
control address of each indoor controller 15, a control
address of each water heat controller 28, the capacity
(horsepower) of the indoor units B1 to Bn, the capacity
(horsepower) of the water heat exchange units C1to Cn,
the number of water heat exchange units C1 to Cn (also
referred to as the number of connected units) Ns, etc.,
and stores these detection results as control data in an
internal memory of the outdoor controller 10.

[0033] During the trial operation, since the power
switch 32 of the outdoor unit A, the power switches 42a
to 42n of the indoor units B1 to Bn, and the power switch-
es 52a to 52n of the water heat exchange units C1 to Cn
are all turned on by a worker, the number of units Ns of
all of the water heat exchange units C1 to Cn for which
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installation has been completed is detected, and the de-
tection result is stored in the internal memory of the out-
door controller 10 as the specified number of units Ns.
[0034] When turning on the AC power supply 30 by
turning on the power switch 32 after the trial operation is
completed, the fifth control section 10e communicates
mutually with each water heat controller 28 of the water
heat exchange units C1 to Cn via the communication line
60 to detect the number of operable water heat exchange
units C1 to Cn (that is, the number of water heat control-
lers 28 that can be operated) N, and compares the de-
tected number of operable units N with the specified
number of units Ns stored at the trial operation. In the
case where the number of operable units N reaches the
specified number of units Ns, the operation of the refrig-
eration cycle device including the outdoor unit A is per-
mitted, and in the case where the number of operable
units N is less than the specified number of units Ns, the
operation of the refrigeration cycle device including the
outdoor unit A is prohibited.

[Control of each indoor controller 15]

[0035] Each indoor controller 15 of the indoor units B1
to Bn executes the control shown in the flowchart of FIG.
2. 81, S2... in the flowchart indicate the steps of the proc-
ess.

[0036] That is, during the heating operation and the
cooling operation (YES in S1), each indoor controller 15
notifies the outdoor controller 10 via the communication
line 60 of the required capacity of the indoor units B1 to
Bn corresponding to the difference between a detected
temperature Ta of each indoor temperature sensor 14
and the indoor set temperature Ts (S2). Then, each in-
door controller 15 controls the refrigerant flow rate to each
indoor heat exchanger 11, that is, the opening degree of
each flow control valve 12, so that the detected temper-
ature Ta of each indoor temperature sensor 14 becomes
the indoor set temperature Ts (S3).

[Control of each water heat controller 28]

[0037] Each water heat controller 28 of water heat ex-
change units C1 to Cn executes the control shown in the
flowchart of FIG. 3.

[0038] That is, during the hot water supply operation
and cold water supply operation (YESin S11), each water
heat controller 28 opens each flow control valve 12 to
form arefrigerant flow path to each water heat exchanger
21 (S12), and operates each pump 24 to circulate water
between the water flow path 21b of each water heat ex-
changer 21 and the load (S13). Furthermore, each water
heat controller 28 detects a temperature Tw of the water
flowing out of the water flow path 21b of each water heat
exchanger 21 with each water temperature sensor 27,
and controls the water delivery rate of each pump 24 so
thatthe detected temperature Tw becomes the water set-
ting temperature Tws (S14). Then, each water heat con-
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troller 28 monitors the presence or absence of the de-
frosting operation by communicating with the outdoor
controller (S15). The defrosting operation is performed
periodically or as needed during the hot water supply
operation, but not during the cold water supply operation.
When the defrosting operation is executed during the hot
water supply operation, the refrigerant after defrosting
the outdoor heat exchanger 4 flows into each water heat
exchanger 11 through each flow control valve 12 in the
open state, thus lowering the temperature Tw of each
water heat exchanger 11.

[0039] In the case where the defrosting operation is
not in progress (NO in S15), each water heat controller
28 returns to the determination in S11 above. In the case
where the defrosting operation is in progress (YES in
S15), each water heat controller 28 compares the detect-
ed temperature Tw of each water temperature sensor 27
with a set value Tws for freeze prevention (S16) .
[0040] Inthe case where the detected temperature Tw
of each water temperature sensor 27 is at or above the
set value Tws (YES in S16), each water heat controller
28 stops each pump 24 (S17). By stopping each pump
24, unnecessary cold water will not be supplied fromeach
water heat exchanger 21 to the loads L1 to Ln. Subse-
quently, each water heat controller 28 returns to the de-
termination in S11 above.

[0041] Inthe case where the detected temperature Tw
of each water temperature sensor 27 is below the set
value Tws (NO in S16), each water heat controller 28
operates each pump 24 at a predetermined water deliv-
ery rate to prevent each water heat exchanger 21 from
freezing (S18). The water delivery rate of each pump 24
at this time is only to prevent freezing; therefore, a small
amount that would not cause cold water to be supplied
to the loads L1 to Ln is sufficient. This freeze prevention
operation prevents the water heat exchanger 21 from
freezing. Subsequently, each water heat controller 28
returns to the determination in S11 above.

[0042] In the determination in S11 above, during, for
example, the heating operation (NO in S11), which is
neither the hot water supply operation nor the cold water
supply operation, each water heat controller 28 fully clos-
es each flow control valve 12 to prevent a refrigerant from
flowing into each water heat exchanger 21 (S19). Then,
each water heat controller 28 moves on to S16 above
and compares the detected temperature Tw of each wa-
ter temperature sensor 27 with the set value Tws for
freeze prevention (S16).

[0043] Even when each flow control valve 12 is fully
closed, a small amount of refrigerant may leak and flow
from each flow control valve 12 to each water heat ex-
changer 21 side, causing the temperature Tw of each
water heat exchanger 21 to drop.

[0044] If the detected temperature Tw of each water
temperature sensor 27 is at or above the set value Tws
(YES in S16), each water heat controller 28 stops each
pump 24 (S17). By stopping each pump 24, unnecessary
cold water will not be supplied from each water heat ex-
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changer 21 to the loads L1 to Ln. Subsequently, each
water heat controller 28 returns to the determination in
S11 above.

[0045] Inthe case where the detected temperature Tw
of each water temperature sensor 27 drops below the
set value Tws (NO in S16), each water heat controller 28
operates each pump 24 at a predetermined water deliv-
ery rate to prevent each water heat exchanger 21 from
freezing (S18). The water delivery rate of each pump 24
at this time is only to prevent freezing; therefore, a small
amount that would not cause cold water to be supplied
to the loads L1 to Ln is sufficient. This freeze prevention
operation prevents the water heat exchanger 21 from
freezing. Subsequently, each water heat controller 28
returns to the decision of S11 above.

[Control of outdoor controller 10]

[0046] As shown in the flowchart of FIG. 4, when the
AC power supply 30 is turned on by the on operation of
the power switch 32 (S21), the outdoor controller 10 of
the outdoor unit A determines whether the operation
mode is a trial operation after the installation is completed
(S22) .

[0047] In the case of the trial operation (YES in S22),
the outdoor controller 10 executes mutual communica-
tion with each water heat controller 28 of the water heat
exchange units C1 to Cn via the communication line 60
(S23), detects the number of units Ns of all water heat
exchange units C1 to Cn whose installation has been
completed (also referred to as the number of connected
units) through this mutual communication (S24), and
stores the detection result as the specified number of
units Ns in the internal memory (S25). The outdoor con-
troller 10 then returns to the determination in S22 above
if the AC power supply 30 is not shut off by the off oper-
ation of the power switch 32 (NO in S26).

[0048] In the case where it is not a trial operation (NO
in S22), the outdoor controller 10 executes mutual com-
munication with each water heat controller 28 of the water
heat exchange units C1 to Cn via the communication line
60 (S27), detects the number of operable units N of the
water heat exchange units C1 to Cn (that is, the number
of operable water heat controllers 28) through this mutual
communication (S28), and compares the detected
number of operable units N with the above-mentioned
specified number of units Ns stored at the time of the trial
operation (S29) .

[0049] Inthe case where the number of operable units
N reaches the specified number of units Ns (NO in S29;
N=Ns), the outdoor controller 10 permits the operation
of the outdoor unit A (S30). Due to this permission, the
execution of all the operations such as heating operation,
hot water supply operation, cooling operation, and cold
water supply operation becomes possible in response to
the operation of the operation indicator 15a or the oper-
ationindicator 28a. The outdoor controller 10 thenreturns
to the determination in S22 above if the AC power supply
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30 is not shut off by the off operation of the power switch
32 (NOin S26) .

[0050] Inthe case where the number of operable units
N does not reach the specified number of units Ns (YES
in S29; N<Ns), the outdoor controller 10 prohibits the
operation of the refrigeration cycle device including the
outdoor unit A and informs the user of the prohibition and
the cause thereof by the displays of the respective oper-
ation indicators 15a and 28a (S31). This prohibition of
the operation makes it impossible to execute all the op-
erations such as the heating operation, the hot water sup-
ply operation, the cooling operation, and the cold water
supply operation. The outdoor controller 10 then returns
to the determination of S22 above if the AC power supply
30 is not shut off by the off operation of the power switch
32 (NOin S26) .

[0051] For example, during the cold water supply op-
eration, such as during the cooling season, the operation
of one or more units among the water heat exchange
units C1 to Cn may be unnecessary and stopped. In this
case, to save electricity, the power switch 52a of the water
heat exchange unit to be stopped, for example, the water
heat exchange unit C1, may be turned off by the user,
and the supply of power voltage to the water heat ex-
change unit C1 may be cut off. Subsequently, even if the
season shifts from the cooling season to the heating sea-
son, the heating operation of the indoor units B1 to Bn
and the hot water supply operation of the other water
heat exchange units C2 to Cn may be started while the
power switch 52a of the water heat exchange unit C1
remains turned off.

[0052] In this case, the operation of the flow control
valve 22, the operation of the pump 24, the operation of
the electric heater 26, and the operation of the water heat
controller 28 are stopped in the water heat exchange unit
C1 where the supply of the power voltage is cut off. When
the heating operation of the indoor units B1 to Bn and
the hot water supply operation of the other water heat
exchange units C2 to Cn proceed as is, and the outdoor
heat exchanger 4 becomes frosted and the defrosting
operation for the outdoor heat exchanger 4 is executed,
even if the flow control valve 22 of the water heat ex-
change unit C1 is fully closed, the refrigerant after de-
frosting may flow from the flow control valve 22 to the
refrigerant flow path 21a side of the water heat exchanger
21. In this case, even if the detected temperature Tw of
the water temperature sensor 27 drops below the set
value Tws for freeze prevention, the pump 24 cannot be
operated in the water heat exchange unit C1 where the
supply of the power voltage is cut off. If this happens, the
water in the water heat exchanger 21 in the water heat
exchange unit C1 will freeze. If the freezing progresses,
there is a possibility that the water heat exchanger 21
may burst.

[0053] However, in the water heat exchange unit C1
where the supply of power voltage is cut off, the operation
ofthe water heat controller 28 is stopped, and the number
of operable units N of the water heat exchange units C1
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to Cn becomes less than the specified number of units
Ns. Therefore, the operation of the refrigeration cycle de-
vice including the outdoor unit A is prohibited. That is,
not only the heating operation and the hot water supply
operation, but also the defrosting operation is prohibited.
Therefore, the water in the water heat exchanger 21 in
the water heat exchange unit C1 can be prevented from
freezing. As a result, the water heat exchanger 21 can
be prevented from bursting due to the progress of freez-
ing.

[0054] The user can recognize that the operation of
the refrigeration cycle device including the outdoor unit
A has been prohibited and the cause thereof by the dis-
plays of the respective operation indicators 15a and 28a.
Based on this recognition, the user can turn on the power
switch 52a of the water heat exchange unit C1 and also
turn off the power switch 32 of the outdoor unit A and
then turn it on again. From this point onward, the number
of operable units N of the water heat exchange units C1
to Cn becomes equal to the specified number of units
Ns, and all of the refrigeration cycle units including the
outdoor unit A are permitted to operate.

[0055] In the above embodiment, the configuration is
such that the specified number of units Ns is detected
and stored by the communication of the outdoor control-
ler 10 during the trial operation. However, the number of
installed units C1 to Cn can be checked by a worker, and
the number can be entered and stored in the outdoor
controller 10 as the specified number of units Ns by op-
erating the operation indicator 15a or 28a.

[0056] In the above embodiment, the number of oper-
able units N of the water heat exchange units C1 to Cn
is detected when the power switch 32 of the outdoor unit
A is turned on; however, a configuration may also be
adopted in which the number of operable units N of the
water heat exchange units C1 to Cn is detected at each
start of the operation of the outdoor unit A.

[0057] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form ofthe embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.

Reference Signs List

[0058] A...Outdoor unit, B1 to Bn...Indoor unit, C1 to
Cn..Water heat exchange unit, 1...Compressor,
2...Four-way valve, 3...Expansion valve (pressure reduc-
er), 4 ...Outdoor heat exchanger, 8...Heat exchanger
temperature sensor, 10...Outdoor controller, 11...Indoor
heat exchanger, 12...Flow control valve, 15...Indoor con-
troller, 21...Water heat exchanger, 21a...Refrigerant flow
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path, 21b...Water flow path, 22...Flow control valve,
24...Pump, 26...Electric heater, 27...Water temperature
sensor, 28...Water heat controller, 30, 40, 50...AC power
supply, 32, 42a to 42n, 52a to 52n...Power switch,
60...Communication line

Claims

1.

A refrigeration cycle device comprising:

an outdoor unit including a compressor, an out-
door heat exchanger, and an outdoor controller;
anindoor unitincluding an indoor heat exchang-
er; and

a water heat exchange unit including a water
heat exchanger, a pump that circulates water
between a water flow path of the water heat ex-
changer and a load, and a water heat controller,
and operated by a power supply that is different
from power supplies of the outdoor unit and the
indoor unit, characterized in that

the water heat exchange controller operates the
pumpin a case where atemperature of the water
heat exchanger is below a set value, and

the outdoor controller permits operation of the
refrigeration cycle device in a case where the
number of operable units of the water heat ex-
change unit reaches a specified number of units,
and prohibits operation of the refrigeration cycle
device in a case where the number of operable
units of the water heat exchange unit does not
reach the specified number of units.

The refrigeration cycle device of claim 1, character-
ized in that the outdoor controller, upon turning on
power of the outdoor unit, detects the number of op-
erable units of the water heat exchange unit by com-
municating with the water heat exchange unit.

The refrigeration cycle device of claim 1 comprising:

afirst flow control valve which adjusts a flow rate
ofarefrigerantto the indoor heatexchanger; and
a second flow control valve which adjusts a flow
rate of arefrigerant to the water heat exchanger,
characterized in that

the outdoor controller

during a heating operation, forms a refrigerant
flow path in which a discharge refrigerant of the
compressor returns to the compressor through
the indoor heat exchanger, the first flow control
valve, and the outdoor heat exchanger,

during a hot water supply operation which sup-
plies hot water to the load, forms a refrigerant
flow path in which a discharge refrigerant of the
compressor returns to the compressor through
the water heat exchanger, the second flow con-
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trol valve, and the outdoor heat exchanger, and
operates the pump of the water heat exchange
unit, and

upon defrosting the outdoor heat exchanger dur-
ing the heating operation and the hot water sup-
ply operation, forms a refrigerant flow path in
which a discharge refrigerant of the compressor
flows directly into the outdoor heat exchanger.

The refrigerant cycle device of claim 3, character-
ized in that

the first and second flow control valves are pulse
motor valves whose opening degree continuously
varies from fully closed to fully open according to the
number of supplied drive pulse voltages, and a flow
rate of a refrigerant is adjusted by the variation of
the opening degree.
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