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(54) HEAT PUMP HEAT SOURCE DEVICE AND HEAT PUMP WATER HEATER

(57) A heat pump hot water supply device according
to one embodiment includes a compressor, water heat
exchanger, tank, water heat radiator, pump, heater, first
temperature sensor, second temperature sensor, and
controller. The first temperature sensor senses a first
temperature of water flowing into a flow path of the water
heat exchanger after releasing heat thereof to water re-
tained in the tank. The second temperature sensor sens-
es a second temperature of the water retained in the tank.
The controller controls an operation or a stop of the com-
pressor on the basis of the first temperature and second
temperature and controls a rotational speed of the com-
pressor on the basis of the first temperature while the
compressor is in operation.
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Description

Technical Field

[0001] Embodiments of the present invention relate to
a heat pump heat source device configured to obtain hot
water to be used for indoor heating and hot water supply
by an operation of a heat pump refrigeration cycle and
heat pump hot water supply device configured to produce
hot water to be used for hot water supply.

Background Art

[0002] A heat pump heat source device configured to
pump up heat from outdoor air by an operation of a heat
pump refrigeration cycle and supply hot water heated by
the pumped-up heat to a heat radiator for indoor heating,
tank for hot water supply or the like is known. The heat
pump heat source device includes, as main constituent
elements, a compressor, water heat exchanger, pres-
sure reducer, evaporator, and control unit and heats wa-
ter flowing through the water heat exchanger by a refrig-
erant discharged from the compressor. Further, there is
a heat pump hot water supply device configured to
change water stored in a tank for hot water supply into
hot water by making the water heated by the refrigerant
by using the aforementioned heat pump heat source de-
vice release the heat thereof to the inside of the tank for
hot water supply.

Citation List

Patent Literature

[0003] Patent Literature 1: JP 2013-155991 A 

Summary of Invention

Technical Problem

[0004] The temperature (tank water temperature) of
the hot water inside the tank is adjusted to a temperature
(supplied hot water temperature) to be set from an oper-
ation/display portion or the like of the control unit. In order
to hold down the power consumption at this time to the
utmost extent possible, in the state where the thermal
capability of the heat pump heat source device is suffi-
cient to make the tank water temperature the supplied
hot water temperature, it is desirable that, for example,
the compressor be prevented from continuing to operate
at the maximum rotational speed.
[0005] Further, in the case of a heat pump hot water
supply device incorporating a heater in the tank thereof
in order to further raise the tank water temperature, the
temperature of the water inside the tank is raised to a
temperature of a certain degree by the heat pump and,
as to further raising of the temperature, the heat pump
is stopped and water temperature is raised to the set

supplied hot water temperature by the heater. The heater
is inferior to the heat pump in efficiency, and hence re-
garding such a system, it is desirable that the tank water
temperature be raised by utilizing the operation of the
heat pump to the utmost extent possible.
[0006] Embodiments described herein aim to provide
a heat pump heat source device and heat pump hot water
supply device capable of realizing energy saving by ap-
propriately controlling the rotational speed of the com-
pressor.

Solution to Problem

[0007] A heat pump hot water supply device according
to an embodiment includes a rotary compressor, water
heat exchanger, tank, water heat radiator, pump, heater,
first temperature sensor, second temperature sensor,
and controller. The rotary compressor discharges a com-
pressed gaseous refrigerant therefrom. The water heat
exchanger heats water flowing through a flow path in-
cluded in the water heat exchanger by the gaseous re-
frigerant. The tank retains water therein. The water heat
radiator is provided inside the tank and makes the water
heated in the water heat exchanger release the heat
thereof to the inside of the tank. The pump circulates
water between the water heat radiator and the water heat
exchanger. The heater heats the water inside the tank.
The first temperature sensor senses a first temperature
of the water flowing into the flow path of the water heat
exchanger after releasing heat thereof to the water re-
tained in the tank. The second temperature sensor sens-
es a second temperature of the water retained in the tank.
The controller controls an operation or a stop of the com-
pressor on the basis of the first temperature and the sec-
ond temperature and controls a rotational speed of the
compressor on the basis of the first temperature while
the compressor is in operation.
[0008] A heat pump heat source device according to
an embodiment includes a rotary compressor, a water
heat exchanger, a pump, a first temperature sensor, a
controller. The rotary compressor discharges a com-
pressed gaseous refrigerant. The water heat exchanger
heats water flowing through a flow path included in the
water heat exchanger by the gaseous refrigerant. The
pump circulates water between the water heat exchanger
and a heat exchanger on the usage side. The first tem-
perature sensor senses a first temperature of water flow-
ing into the flow path of the water heat exchanger. The
controller controls a stop of the compressor on the basis
of the first temperature, controls, while the compressor
is in operation, when the first temperature is higher than
a predetermined set value, a rotational speed of the com-
pressor to a rotational speed at which high efficiency can
be obtained, and controls, when the first temperature is
lower than a temperature set lower than the set value,
the rotational speed of the compressor to a rotational
speed lower than the rotational speed at which the high
efficiency can be obtained.
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Brief Description of Drawings

[0009]

FIG. 1 is a block diagram schematically showing the
configuration of a heat pump heat source device and
heat pump hot water supply device according to an
embodiment.
FIG. 2 is a control flowchart of a controller at the time
of a heating operation of the heat pump heat source
device and heat pump hot water supply device ac-
cording to a first embodiment.
FIG. 3 is a view showing a relationship between a
temperature difference between the entrance water
temperature TWI and tank water temperature TTW
and variations in the rotational speed of the com-
pressor at the time of a heating operation of the heat
pump heat source device and heat pump hot water
supply device according to the first embodiment.
FIG. 4 is a control flowchart of a controller at the time
of a heating operation of the heat pump heat source
device and heat pump hot water supply device ac-
cording to a second embodiment.
FIG. 5 is a view showing a relationship between the
operating state (frequency and stop) of the compres-
sor and entrance water temperature TWI at the time
of a heating operation of the heat pump heat source
device and heat pump hot water supply device ac-
cording to the second embodiment.
FIG. 6 is a view showing the performance charac-
teristics of the refrigeration cycle of the heat pump
heat source device and heat pump hot water supply
device according to the second embodiment by a
relationship between the operation frequency [Hz]
of the compressor and coefficient of performance
[COP].

Mode for Carrying Out the Invention

[0010] Embodiments of the present invention will be
described below with reference to FIGS. 1 to 6.

(First Embodiment)

[0011] FIG. 1 is a block diagram schematically showing
the configuration a heat pump hot water supply device
HP including a heat pump heat source device according
to this embodiment. The heat pump hot water supply de-
vice HP is a device configured to obtain hot water by an
operation of a heat pump refrigeration cycle. As shown
in FIG. 1, the heat pump hot water supply device HP
includes an outdoor unit A, water heat exchanging unit
B, load unit C, and control unit D. The heat pump heat
source device is a device including a configuration
formed by excluding the hot water supply tank 13, heat
radiating coil (water heat radiator) 14, heater 15, and tank
water temperature sensor 34 from the constituent ele-
ments of the heat pump hot water supply device HP to

be described later. In short, the heat pump heat source
device is constituted of the outdoor unit A and water heat
exchanging unit B.
[0012] In the heat pump hot water supply device HP,
the outdoor unit A and water heat exchanging unit B are
piping-connected to each other, whereby a refrigerant is
circulated, and water heat exchanging unit B and load
unit C are piping-connected to each other, whereby water
(hot water) is circulated. Flows of the refrigerant and wa-
ter (hot water) are controlled by the control unit D.
[0013] To a discharge port of a compressor 1, one end
of a refrigerant flow path of a water heat exchanger 3 is
piping-connected through a four-way valve 2, and the
other end of the refrigerant flow path is piping-connected
to one end of air heat exchangers 5a and 5b through an
expansion valve 4 serving as a pressure reducer. Fur-
ther, the other end of the air heat exchangers 5a and 5b
is piping-connected to a suction port of the compressor
1 through the four-way valve 2 and accumulator 6. By
the aforementioned piping connection, the heat pump
refrigeration cycle is configured.
[0014] In the vicinity of the air heat exchangers 5a and
5b, outdoor fans 7a and 7b are arranged. The outdoor
fans 7a and 7b suck outdoor air and pass the sucked air
through the air heat exchangers 5a and 5b. On the up-
stream side of a suction air flow path formed by the out-
door fans 7a and 7b, an outdoor air temperature sensor
31 is arranged. The outdoor air temperature sensor 31
senses the temperature of the outdoor air sucked by the
outdoor fans 7a and 7b.
[0015] At the time of indoor heating and at the time of
heating hot water inside the hot water supply tank 13 to
be described later, as indicated by arrows, the com-
pressed gaseous refrigerant discharged from the com-
pressor 1 flows through the refrigerant flow path of the
water heat exchanger 3 through the four-way valve 2.
When flowing through the refrigerant flow path of the wa-
ter heat exchanger 3, the gaseous refrigerant is deprived
of the heat thereof by the water flowing through a water
flow path of the water heat exchanger 3 to thereby be
condensed. The liquid refrigerant flowing out of the re-
frigerant flow path of the water heat exchanger 3 is de-
compressed by the expansion valve 4 and flows through
the air heat exchangers 5a and 5b. The liquid refrigerant
flowing through the air heat exchangers 5a and 5b pumps
up heat from the outdoor air to thereby be evaporated.
The gaseous refrigerant flowing out of the air heat ex-
changers 5a and 5b is sucked into the compressor 1
through the four-way valve 2 and accumulator 6. As de-
scribed above, at the time of indoor heating, the water
heat exchanger 3 functions as a condenser and air heat
exchangers 5a and 5b function as an evaporator.
[0016] When a need for defrosting of the air heat ex-
changers 5a and 5b arises during indoor heating or during
a heating operation of the hot water inside the hot water
supply tank 13, the flow path is switched by the four-way
valve 2 and high-temperature compressed gaseous re-
frigerant discharged from the compressor 1 flows from
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the four-way valve 2 through the refrigerant flow path of
the air heat exchangers 5a and 5b. By flowing of this
high-temperature gaseous refrigerant, the air heat ex-
changers 5a and 5b are defrosted. At the time of defrost-
ing, the air heat exchangers 5a and 5b function as a con-
denser and water heat exchanger 3 functions as an evap-
orator.
[0017] An exit of the water flow path of the water heat
exchanger 3 is piping-connected to a suction port of a
circulating pump 11 and discharge port of the circulating
pump 11 is piping-connected to a water entrance 12a of
a three-way valve 12. Further, a water exit 12b of the
three-way valve 12 is piping-connected to a water inlet
of a heat radiating coil (water heat radiator) 14 accom-
modated in a tank for hot water supply (hereinafter re-
ferred to as a hot water supply tank) 13 and, water outlet
of the heat radiating coil 14 is piping-connected to an
entrance of the water flow path of the water heat exchang-
er 3. Furthermore, a water exit 12c of the three-way valve
12 is connected to each of water entrances of a plurality
of heat radiators 21, 22, and 23 for indoor heating, i.e.,
socalled fan-coil units, and water exit of each of the heat
radiators 21, 22, and 23 is piping-connected to the en-
trance of the water flow path of the water heat exchanger
3.
[0018] The circulating pump 11 sends the hot water
flowing out of the water heat exchanger 3 to the hot water
supply tank 13 or heat radiators 21, 22, and 23 and makes
the water returning from the hot water supply tank 13 or
heat radiators 21, 22, and 23 flow into the water heat
exchanger 3.
[0019] The three-way valve 12 is an electromagnetic
valve including a water entrance 12a and two water exits
12b and 12c and configured to switch the internal flow
path to one of a first flow path leading from the water
entrance 12a to the water exit 12b and second flow path
leading from the water entrance 12a to the water exit 12c.
[0020] By the piping connections between the water
heat exchanger 3, hot water supply tank 13, and heat
radiators 21, 22, and 23, a hot-water circulation cycle is
formed.
[0021] At the time of indoor heating, in the three-way
valve 12, the water entrance 12a is connected to the wa-
ter exit 12c by the control unit D to be described later,
and hot water sent forth from the circulating pump 11 is
supplied to the heat radiators 21, 22, and 23. On the other
hand, at the time of a heating operation of heating hot
water inside the hot water supply tank 13, in the three-
way valve 12, the water entrance 12a is connected to the
water exit 12b by the control unit D, and hot water sent
forth from the circulating pump 11 is supplied to the heat
radiating coil 14 inside the hot water supply tank 13.
[0022] The piping members leading from each of the
hot water supply tank 13 and heat radiators 21, 22, and
23 to the water heat exchanger 3 join together midway,
and a temperature sensor (first temperature sensor,
hereinafter referred to as an entrance water temperature
sensor) 32 is attached to the piping on the downstream

side of the confluence. In the example shown in FIG. 1,
the entrance water temperature sensor 32 is arranged
inside the water heat exchanging unit B. The entrance
water temperature sensor 32 senses the temperature
(first temperature, hereinafter referred to as an entrance
water temperature TWI) of the water flowing out of the
hot water supply tank 13 or heat radiators 21, 22, and 23
and flowing into the water flow path of the water heat
exchanger 3.
[0023] To the piping leading from the water heat ex-
changer 3 to the hot water supply tank 13 or heat radiators
21, 22, and 23, a hot-water temperature sensor (herein-
after referred to as an exit water temperature sensor) 33
is attached. In the example shown in FIG. 1, the exit water
temperature sensor 33 is arranged on the piping between
the water heat exchanger 3 and circulating pump 11. The
exit water temperature sensor 33 senses the temperature
(hereinafter referred to as an exit water temperature
TWO) of the hot water flowing out of the water heat ex-
changer 3 and sent to the hot water supply tank 13 or
heat radiators 21, 22, and 23.
[0024] The hot water supply tank 13 incorporates
therein a heat radiating coil 14 and heater (electric heater)
15, heats the water flowing therein from a water-inflow
pipe 16 by the heat radiation of the heat radiating coil 14
and heat generation of the heater 15 to thereby retain
the heated water as the hot water for hot water supply,
and guides the retained hot water to a water-outflow pipe
17. The heat radiating coil 14 makes the hot water flowing
out of the water heat exchanger 3 flow from the water
inlet to the water outlet, and release, in the course of the
flow, the heat thereof to the water (hot water) retained in
the hot water supply tank 13. When a faucet 17a provided
at the tip end of the water-outflow pipe 17 is opened, the
hot water inside the hot water supply tank 13 flows out
through the water-outflow pipe 17. Inside the hot water
supply tank 13, a temperature sensor (second tempera-
ture sensor, hereinafter referred to as a tank water tem-
perature sensor) 34 is arranged. The tank water temper-
ature sensor 34 senses the temperature (second tem-
perature, hereinafter referred to as a tank water temper-
ature TTW) of the water retained in the hot water supply
tank 13.
[0025] The compressor 1, four-way valve 2, expansion
valve 4, air heat exchangers 5a and 5b, accumulator 6,
outdoor fans 7a and 7b, and outdoor air temperature sen-
sor 31 are included in the constituent elements of the
outdoor unit A. The water heat exchanger 3, circulating
pump 11, entrance water temperature sensor 32, and
exit water temperature sensor 33 are included in the con-
stituent elements of the water heat exchanging unit B.
The hot water supply tank 13, heat radiating coil 14, heat-
er 15, heat radiators 21, 22, and 23, and three-way valve
12 are included in the constituent elements of the load
unit C. However, which of the units A, B, and C includes
each of the aforementioned constituent elements is not
limited to the above.
[0026] The control unit D controls operations of the out-
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door unit A, water heat exchanging unit B, and load unit
C, circulates the refrigerant between the outdoor unit A
and water heat exchanging unit B, and circulates the hot
water between the water heat exchanging unit B and load
unit C. The control unit D includes a controller 40 and
operation/display portion 41. The control unit D is provid-
ed indoors in the same manner as the load unit C.
[0027] The controller 40 is electrically connected to
each of the outdoor unit A, water heat exchanging unit
B, load unit C, and operation/display portion 41. The con-
troller 40 includes a CPU, memory, storage device (non-
volatile memory), input/output circuit, timer, and the like
and executes predetermined arithmetic processing. For
example, the controller 40 reads various data items by
means of the input/output circuit, carries out arithmetic
processing of the data items by means of the CPU by
using a program read from the storage device into the
memory, and carries out operation control of the outdoor
unit A, water heat exchanging unit B, and load unit C on
the basis of the processing result. In the heat pump hot
water supply device HP, the controller 40 corresponds
to a control portion configured to control the rotational
speed of the compressor 1.
[0028] The operation/display portion 41 is a remote-
control interface portion to be used by the user to carry
out setting of an operating condition to the heat pump
hot water supply device HP. The operation/display por-
tion 41 includes, for example, an operation button used
to specify a start and stop of the operation of the heat
pump hot water supply device HP, operation button of
the setting temperature (supplied hot water temperature)
of hot water supply or indoor setting temperature at the
time of indoor heating, operation button used to specify
the operation mode of the circulating pump 11, display
portion configured to notify the operational state of the
heat pump hot water supply device HP, and the like. Al-
though the operation/display portion 41 is provided on
the usage side such as each supply destination of hot
water or air-conditioned space, the installation site is not
limited to these.
[0029] The operation/display portion 41 and controller
40 may be accommodated in one housing or may each
be accommodated in housings separate from each other
and may each be provided at positions different from
each other. Providing the operation/display portion 41
and controller 40 in the vicinity of the hot water supply
tank 13 is a common example.
[0030] Here, the operation and function of the heat
pump hot water supply device HP at the time of a heating
operation will be described according to the flow of control
of the outdoor unit A, water heat exchanging unit B, and
load unit C to be carried out by the controller. In FIG. 2,
the control flow of the controller 40 at the time of a heating
operation is shown. It should be noted that although the
indoor heating operation control of the heat pump hot
water supply device HP at the time of indoor heating is
also executed by the controller 40, the above-mentioned
operation control is not the main subject of this embodi-

ment and hence a description thereof is omitted.
[0031] In the heat pump hot water supply device HP,
the heating operation (operation of boiling up the water
(hot water) retained in the hot water supply tank 13) is
started by operating the operation button of the opera-
tion/display portion 41 by, for example, the user. Normal-
ly, the user operates the operation button to start the
operation at the time of installation and thereafter never
stops the operation except for the case where the user
is absent for a long time.
[0032] When a start instruction of a heating operation
is issued from the operation/display portion 41, the con-
troller 40 determines a thermo-on condition (S101). The
thermo-on condition is a condition for determining wheth-
er or not there is a need for boiling up the water (hot
water) retained in the hot water supply tank 13. According
to success/failure of the thermo-on condition, it is deter-
mined whether or not the circulating pump 11 and com-
pressor 1 be started. More specifically, whether or not
the tank water temperature TTW of the hot water supply
tank 13 is lower than or equal to the thermo-on water
temperature is determined as the thermo-on condition.
The thermo-on water temperature is a temperature re-
quiring boiling up of the hot water retained in the hot water
supply tank 13 and is a value obtained by subtracting a
predetermined value (as an example, 20°C) from the sup-
plied hot water temperature (thermo-off temperature to
be described later) which is the tank water temperature
set by, for example, the user by operating the operation
button of the operation/display portion 41. The value of
the thermo-on water temperature is retained in, for ex-
ample, the storage device of the controller 40 and is read
into the memory to be used as a parameter at the time
of determination of the thermo-on condition.
[0033] When determining the thermo-on condition, the
controller 40 acquires the tank water temperature TTW
from the tank water temperature sensor 34 and compares
the acquired tank water temperature TTW with the ther-
mo-on water temperature. In this embodiment, as an ex-
ample, when the tank water temperature is lower than or
equal to the thermo-on water temperature, the controller
40 determines the thermo-on condition to be established
while considering that there is a need for boiling up the
hot water retained in the hot water supply tank 13. On
the other hand, when the tank water temperature TTW
exceeds the thermo-on water temperature, the controller
40 determines that the thermo-on condition is not estab-
lished while considering that there is no need for boiling
up the hot water retained in the hot water supply tank 13.
[0034] The controller 40 repeats the determination of
the thermo-on condition until the thermo-on condition is
established. At this time, the controller 40 may execute
predetermined non-establishment processing. The non-
establishment processing is, for example, waiting
processing of waiting for determination of the thermo-on
condition for a predetermined time, time-out processing
or retry processing of terminating the heating operation
in the case where the thermo-on condition is not estab-
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lished even when the determination is repeated for a pre-
determined time or is repeated a predetermined number
of times, and processing formed by combining these, and
the like.
[0035] On the other hand, when the thermo-on condi-
tion is established in S101, the controller 40 starts the
circulating pump 11 (S102). Thereby, hot water starts
circulation between the water heat exchanging unit B and
hot water supply tank 13 (more specifically, heat radiating
coil 14). Hereinafter, the hot water circulating between
the water heat exchanging unit B and hot water supply
tank 13 as described above is referred to as circulating
water. At that time, the controller 40 switches the internal
flow path of the three-way valve 12 in such a manner that
the first flow path leading from the water entrance 12a to
the water exit 12b is obtained.
[0036] Subsequently, the controller 40 starts the com-
pressor 1 (S103). At this time, the controller 40 controls
the four-way valve 2 to make the refrigerant discharged
from the compressor 1 circulate by way of the water heat
exchanger 3, expansion valve 4, air heat exchangers 5a
and 5b, four-way valve 2, and accumulator 6 in sequence
in the order mentioned and return to the compressor 1
while carrying out gas-liquid phase change. Thereby, the
hot water (circulating water) circulating between the wa-
ter heat exchanging unit B and hot water supply tank 13
is heated by the gaseous refrigerant discharged from the
compressor 1 while the hot water flows through the water
heat exchanger 3 and the temperature thereof (water
temperature) is raised. Then, the aforementioned hot wa-
ter radiates heat inside the hot water supply tank 13 while
the hot water flows through the heat radiating coil 14.
Thereby, the tank water temperature (TTW) of the hot
water supply tank 13 is raised.
[0037] Subsequently, the controller 40 determines a
thermo-off condition (S104). The thermo-off condition is
a condition for determining whether or not there is no
longer any need for boiling up the hot water retained in
the hot water supply tank 13. More specifically, it is de-
termined as the thermo-off condition whether or not it is
needed to continue to boil up the hot water while keeping
the compressor 1 operating. According to success/failure
of the thermo-off condition, it is determined whether or
not the circulating pump 11 and compressor 1 should be
stopped. In this embodiment, when one of a first thermo-
off condition and second thermo-off condition is estab-
lished, the thermo-off condition is established and com-
pressor 1 is stopped and, when neither of the first thermo-
off condition and second thermo-off condition is estab-
lished, the thermo-off condition is not established and
hence the operation of the circulating pump 11 and com-
pressor 1 is continued.
[0038] More specifically, it is determined as the first
thermo-off condition whether or not the tank water tem-
perature TTW of the hot water supply tank 13 is higher
than or equal to the thermo-off water temperature. The
thermo-off water temperature is a temperature requiring
no further heating (boiling up) of the hot water retained

in the hot water supply tank 13 and is the supplied hot
water temperature set by, for example, the user by op-
erating the operation button of the operation/display por-
tion 41. The value of the thermo-off water temperature
is retained in, for example, the memory of the controller
40 and is used as a parameter at the time of determination
of the first thermo-off condition.
[0039] When determining the first thermo-off condition,
the controller 40 acquires the tank water temperature
TTW from the tank water temperature sensor 34 and
compares the acquired tank water temperature TTW with
the thermo-off water temperature. In this embodiment,
as an example, when the tank water temperature TTW
is higher than or equal to the thermo-off water tempera-
ture, the controller 40 determines the first thermo-off con-
dition to be established while considering that there is no
longer any need for boiling up the hot water retained in
the hot water supply tank 13. On the other hand, when
the tank water temperature TTW is lower than the thermo-
off water temperature, the controller 40 determines that
the first thermo-off condition is not established while con-
sidering that there is a need for further boiling up the hot
water retained in the hot water supply tank 13.
[0040] Further, it is determined as the second thermo-
off condition whether or not the entrance water temper-
ature TWI is higher than or equal to a protecting temper-
ature (hereinafter referred to also as a first set value).
The protecting temperature is set for the purpose of pro-
tecting the compressor 1 by avoiding the temperature of
the gaseous refrigerant to be sucked into the compressor
1 from rising to an excessively high temperature, and is
a temperature of the upper limit of the hot water (circu-
lating water) permitted to flow into the water heat ex-
changer 3. In other words, the protecting temperature is
a temperature of the upper limit of the circulating water
carrying out heat exchange with the high-temperature
gaseous refrigerant and is set in advance according to,
for example, the performance or the like of the compres-
sor 1. The value of the protecting temperature is retained
in, for example, the storage device of the controller 40
and is read into the memory to be used as a parameter
at the time of determination of the second thermo-off con-
dition.
[0041] When determining the second thermo-off con-
dition, the controller 40 acquires the entrance water tem-
perature TWI from the entrance water temperature sen-
sor 32 and compares the acquired entrance water tem-
perature TWI with the protecting temperature (for exam-
ple, 54°C). In this embodiment, as an example, when the
entrance water temperature TWI is higher than or equal
to the protecting temperature, the controller 40 deter-
mines the second thermo-off condition to be established.
In this case, the second thermo-off condition is deter-
mined to be established in consideration of the situation
where stopping of the compressor 1 is required so that
the permissible operating range of the compressor 1 may
not be exceeded. Thereby, protection of the compressor
1 is achieved. On the other hand, when the entrance
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water temperature TWI is lower than the protecting tem-
perature, the controller 40 determines that the second
thermo-off condition is not established. In this case, it is
determined that the second thermo-off condition is not
established in consideration of the situation where even
when the hot water retained in the hot water supply tank
13 is further boiled up, the compressor 1 is within the
permissible operating range and operation of the com-
pressor 1 can be continued.
[0042] When the thermo-off condition is established on
the basis of the first thermo-off condition and second ther-
mo-off condition, the controller 40 stops the compressor
1 (S105) and, at the same time, stops the circulating
pump 11 (S106). Thereby, the heating operation of the
heat pump hot water supply device HP is terminated.
[0043] Here, as to the second thermo-off condition, the
entrance water temperature TWI is about 54°C, this being
a common example. On the other hand, the set temper-
ature of the tank water temperature TTW is normally set-
table in units of 1°C within the range from 45°C to 70°C.
When the set value of the tank water temperature TTW
is higher than or equal to a high temperature, for example,
55°C, a case where although the second thermo-off con-
dition is satisfied, first thermo-off condition is not satisfied
occurs. In this case, there is a need to raise the water
temperature even after the compressor 1 and circulating
pump 11 are stopped, and hence the heater 15 is started.
The operation of the heater 15 is continued until the first
thermo-off condition is satisfied, and the tank water tem-
perature TTW reaches the target supplied hot water tem-
perature by this operation.
[0044] On the other hand, when the thermo-off condi-
tion is not established in S104, the controller 40 controls
the rotational speed of the compressor 1 in such a man-
ner that the compressor 1 is placed in the optimum op-
erating state. For this purpose, the controller 40 deter-
mines a temperature-difference condition. The temper-
ature-difference condition is a condition for determining
which of "increasing", "keeping", and "decreasing" is the
step to which the rotational speed of the compressor 1
should be caused to make a transition. According to suc-
cess/failure of the temperature-difference condition, it is
determined which of "increasing", "keeping", and "de-
creasing" is the step to which the rotational speed of the
compressor 1 should be caused to make a transition. In
this embodiment, as the temperature-difference condi-
tion, each of a first temperature-difference condition and
second temperature-difference condition is determined.
When the first temperature-difference condition is estab-
lished, the rotational speed of the compressor 1 is in-
creased and, when the second temperature-difference
condition is established, the rotational speed of the com-
pressor 1 is decreased. When neither of these temper-
ature-difference conditions is established, the rotational
speed of the compressor 1 is kept as it is.
[0045] FIG. 3 is a view showing a relationship between
a temperature difference (hereinafter referred to as a wa-
ter temperature difference) between the entrance water

temperature TWI and tank water temperature TTW and
"increasing", "keeping", and "decreasing" of the rotation-
al speed of the compressor 1. As shown in FIG. 3, the
controller 40 causes the rotational speed of the compres-
sor 1 to make a transition from/to HzUP_Zone to/from
HzDOWN_Zone between which HzKEEP_Zone is inter-
posed according to the water temperature difference.
Here, HzUP_Zone is a range of the water temperature
difference within which the rotational speed is increased,
HzDOWN_Zone is a range of the water temperature dif-
ference within which the rotational speed is decreased,
and HzKEEP_Zone is a range of the water temperature
difference within which the rotational speed is kept as it is.
[0046] When determining the temperature-difference
condition, the controller 40 first determines, as an exam-
ple, the first temperature-difference condition (S107).
The first temperature-difference condition is a condition
for determining whether or not the water temperature dif-
ference is less than or equal to a first threshold (a). Ac-
cording to success/failure of the first temperature-differ-
ence condition, it is determined whether or not the rota-
tional speed of the compressor 1 should be increased.
The first threshold is a value of the water temperature
difference requiring an increase in the rotational speed
of the compressor 1 in order to further boil up the hot
water retained in the hot water supply tank 13 and is set
in advance according to, for example, the performance
or the like of the compressor 1. The first threshold is re-
tained in, for example, the storage device of the controller
40 and is read into the memory to be used as a parameter
at the time of determination of the first temperature-dif-
ference condition.
[0047] When determining the first temperature-differ-
ence condition, the controller 40 acquires the entrance
water temperature TWI from the entrance water temper-
ature sensor 32, at the same time, acquires the tank water
temperature TTW from the tank water temperature sen-
sor 34, calculates the water temperature difference, and
compares the calculated value with the first threshold.
When the water temperature difference is less than or
equal to the first threshold, the controller 40 determines
the first temperature-difference condition to be estab-
lished. On the other hand, when the water temperature
difference exceeds the first threshold, the controller 40
determines that the first temperature-difference condition
is not established.
[0048] When the first temperature-difference condition
is established, the controller 40 increases the rotational
speed of the compressor 1 in order to further boil up the
hot water retained in the hot water supply tank 13 (S108).
In this case, the situation is made such that the water
temperature difference is within HzUP_Zone as shown
in FIG. 3, and an increase in the rotational speed of the
compressor 1 is needed. When the rotational speed of
the compressor 1 is increased, temperature of the circu-
lating water is raised, and heat radiation amount inside
the hot water supply tank 13 is increased. Thereby, the
hot water retained in the hot water supply tank 13 is boiled
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up, and tank water temperature TTW is raised. The in-
crease amount of the rotational speed is not particularly
limited and is arbitrarily settable.
[0049] On the other hand, when the first temperature-
difference condition is not established in S107, the con-
troller 40 determines the second temperature-difference
condition (S109). The second temperature-difference
condition is a condition for determining whether or not
the water temperature difference exceeds a second
threshold (β). According to success/failure of the second
temperature-difference condition, it is determined wheth-
er or not the rotational speed of the compressor 1 should
be decreased. The second threshold is a value of the
water temperature difference requiring a decrease in the
rotational speed of the compressor 1 in order to suppress
boiling up of the hot water retained in the hot water supply
tank 13 and is set in advance according to, for example,
the performance or the like of the compressor 1. The
second threshold is a value greater than the first thresh-
old. The second threshold is retained in, for example, the
storage device of the controller 40 and is read into the
memory to be used as a parameter at the time of deter-
mination of the second temperature-difference condition.
[0050] When determining the second temperature-dif-
ference condition, the controller 40 compares the calcu-
lated value of the water temperature difference with the
second threshold. When the water temperature differ-
ence exceeds the second threshold, the controller 40 de-
termines the second temperature-difference condition to
be established. On the other hand, when the water tem-
perature difference is less than or equal to the second
threshold, the controller 40 determines that the second
temperature-difference condition is not established.
[0051] When the second temperature-difference con-
dition is established, the controller 40 decreases the ro-
tational speed of the compressor 1 in order to suppress
boiling up of the hot water retained in the hot water supply
tank 13 (S110). In this case, the situation is made such
that the water temperature difference is within
HzDOWN_Zone as shown in FIG. 3, and a decrease in
the rotational speed of the compressor 1 is needed. When
the rotational speed of the compressor 1 is decreased,
a rise in the temperature of the circulating water is sup-
pressed, and the heat radiation amount inside the hot
water supply tank 13 is decreased. Thereby, boiling up
of the hot water retained in the hot water supply tank 13
is suppressed, and tank water temperature TTW is low-
ered. The decrease amount of the rotational speed is not
particularly limited and is arbitrarily settable. For exam-
ple, the increase amount of the rotational speed and de-
crease amount thereof may be coincident with each other
or may be different from each other. Further, these values
may be fixed amounts (fixed values) irrespective of, for
example, the water temperature difference or may be
variable amounts (variable values) corresponding to the
water temperature difference.
[0052] On the other hand, when the second tempera-
ture-difference condition is not established in S109, the

controller 40 keeps the rotational speed of the compres-
sor 1 as it is in order to maintain the tank water temper-
ature TTW (S111). In this case, the situation is made
such that the water temperature is within HzKEEP_Zone
as shown in FIG. 3, and it is necessary to keep the rota-
tional speed of the compressor 1 as it is. When the rota-
tional speed of the compressor 1 is kept as it is, the tem-
perature (in other words, heat radiation amount inside
the hot water supply tank 13) of the circulating water is
maintained in such a manner that the water temperature
difference is greater than the first threshold and is less
than or equal to the second threshold. Thereby, boiling
up of the hot water retained in the hot water supply tank
13 is continued in order that the tank water temperature
TTW may get closer to the thermo-off water temperature.
[0053] After causing the rotational speed of the com-
pressor 1 to make a transition to one of increasing, de-
creasing, and keeping in S108, S110 or S111, the con-
troller 40 determines the thermo-off condition again
(S104). That is, the controller 40 appropriately repeats
the determination of the first temperature-difference con-
dition and second temperature-difference condition until
the thermo-off condition is established. Therefore, ac-
cording to success/failure of determination of the first and
second temperature-difference conditions, increasing,
decreasing or keeping of the rotational speed of the com-
pressor 1 is appropriately repeated. Such variations of
the rotational speed of the compressor 1 are appropri-
ately repeated, whereby, for example, the tank water
temperature TTW gradually becomes closer to the ther-
mo-off water temperature. As a result, when the tank wa-
ter temperature TTW becomes higher than or equal to
the thermo-off water temperature, the thermo-off condi-
tion (first thermo-off condition) is established, compres-
sor 1 and circulating pump 11 are stopped, and heating
operation of the heat pump hot water supply device HP
is terminated.
[0054] As described above, according to the heat
pump hot water supply device HP and heat pump heat
source device of this embodiment, it is possible to ap-
propriately increase, decrease or keep the rotational
speed of the compressor 1 on the basis of the water tem-
perature difference (temperature difference between the
entrance water temperature TWI and tank water temper-
ature TTW). Thereby, it is possible to operate the com-
pressor 1 while keeping the water temperature difference
within a certain fixed temperature range. For example,
the state where the water temperature difference is not
fixed and becomes gradually greater is the state where
the amount of heating of the circulating water by the re-
frigerant is greater than the heat radiation amount of the
circulating water inside hot water supply tank 13, and
supplied amount of heat is excessive.
[0055] In this state, it becomes possible to decrease
the rotational speed of the compressor 1 and suppress
the supplied amount of heat. That is, by varying the ro-
tational speed of the compressor 1 according to the water
temperature difference, it is possible to optimize the ro-
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tational speed, and it becomes possible to reduce the
power consumption. It should be noted that formerly the
rotational speed of the compressor 1 was raised, accord-
ing to the exit water temperature TWO, to the maximum
rotational speed set in such a manner that, for example,
the exit water temperature TWO becomes the predeter-
mined target temperature. The exit water temperature
TWO does not directly reflect the heat radiation amount
of the circulating water inside the hot water supply tank
13 and, when rotational speed of the compressor 1 is
raised to the maximum rotational speed, the control is
liable to become unnecessary rotational speed control.
Conversely, the water temperature difference is a value
directly reflecting the heat radiation amount of the circu-
lating water. Accordingly, in comparison with the case
where the rotational speed of the compressor 1 is con-
trolled according to the exit water temperature TWO, in
the case where the control is carried out according to the
water temperature difference, it is possible to further en-
hance the accuracy of variation of the rotational speed
of the compressor 1 for controlling of the tank water tem-
perature TTW. That is, by controlling the rotational speed
of the compressor 1 in such a manner that the water
temperature difference becomes approximately con-
stant, it is possible to suppress an unnecessary rise in
the rotational speed. Thereby, it is possible to operate
the compressor 1 while keeping the variation of the ro-
tational speed to a minimum, and it becomes possible to
reduce the power consumption.
[0056] Further, for example, in the state where the sup-
plied amount of heat is excessive as described above,
the temperature of the circulating water is raised, and
refrigerant pressure is also raised. For this reason, for-
merly the compressor 1 was stopped for the purpose of
protecting the compressor 1 and, instead, the heater 15
was started to generate heat. In this embodiment, it is
possible not to carry out starting of the heater 15 or to
delay the starting, and to continue the operation of the
compressor 1. Accordingly, it is possible to shorten the
operating time of the heater 15 and, from such a point of
view, it becomes possible to reduce the power consump-
tion.
[0057] Here, in the case where the tank water temper-
ature TTW is low, the state is such that the temperature
of the circulating water is low, and pressure of the gas-
eous refrigerant flowing through the refrigerant flow path
of the water heat exchanger 3 is also low. Accordingly,
even when the rotational speed of the compressor 1 is
increased, the heater 15 is not immediately started. In
this state, limiting the rotational speed of the compressor
1 is liable to cause, due to the performance/characteris-
tics thereof, an inefficient operation. Further, in the case
where the tank water temperature TTW is low and com-
pressor 1 is operated at a low rotational speed as de-
scribed above, the operation is carried out with a low
compression ratio, whereby deterioration in the reliability,
sound noise, and the like of the compressor 1 is liable to
occur.

(Second Embodiment)

[0058] Subsequently, as another embodiment in which
the heat pump operation is carried out as much as pos-
sible and use of the heater 15 is made as little as possible,
a second embodiment will be described below. The con-
figuration itself of the heat pump heat source device of
the second embodiment is equivalent to the configuration
of the heat pump hot water supply device HP of the first
embodiment shown in FIG. 1.
[0059] In FIG. 4, a control flow of a controller 40 at the
time of a heating operation in this embodiment is shown.
Hereinafter, control of the controller 40 at the time of the
heating operation in this embodiment will be described
according to the control flow shown in FIG. 4. It should
be noted that the control flow of the heating operation of
this embodiment is formed in such a manner that a part
of the control flow (FIG. 2) of the first embodiment is add-
ed to the control peculiar to the second embodiment for
alteration. Accordingly, control items equivalent to the
first embodiment described above are denoted by step
numbers identical to the first embodiment and descrip-
tions of these control items are omitted and control pe-
culiar to the second embodiment will be described below
in detail.
[0060] As shown in FIG. 4, at the time of the heating
operation, the controller 40 determines a thermo-on con-
dition (S101), then, when the thermo-on condition is es-
tablished, starts the circulating pump 11 (S102) and, at
the same time, starts the compressor 1 (S103). At this
time, the controller 40 repeats the determination of the
thermo-on condition until the thermo-on condition is es-
tablished.
[0061] Upon starting of the compressor 1, the controller
40 determines an entrance water temperature condition.
In this embodiment, two entrance water temperature con-
ditions having thresholds different from each other are
determined.
[0062] A first entrance water temperature condition is
a condition for determining whether or not the entrance
water temperature TWI is lower than a first set value.
According to success/failure of the first entrance water
temperature condition, it is determined whether or not
the compressor 1 should be stopped and heater 15
should be started.
[0063] A second entrance water temperature condition
is a condition for determining whether or not the entrance
water temperature TWI is lower than or equal to a second
set value. According to success/failure of the second en-
trance water temperature condition, it is determined at
which of a rotational speed corresponding to a high-effi-
ciency frequency (hereinafter referred to as a high-effi-
ciency frequency Fl) and rotational speed corresponding
to a low-capability frequency (hereinafter referred to as
a low-capability frequency Fm) the compressor 1 should
be operated.
[0064] FIG. 5 is a view showing a relationship between
the entrance water temperature TWI and operation con-
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trol (frequency and stop) of the compressor 1. In FIG. 5,
the area higher than the first set value is a range of the
entrance water temperature TWI within which the com-
pressor is stopped for protection of the compressor 1,
and area lower than the second set value set to a value
lower than the first set value is a range of the entrance
water temperature TWI within which the compressor 1 is
operated at a high-efficiency frequency Fl. Further, the
area interposed between these two values is the range
of the entrance water temperature TWI within which the
compressor 1 is operated at a low-capability frequency
Fm. The value of the high-efficiency frequency Fl and
value of the low-capability frequency Fm are set accord-
ing to, for example, the performance or the like of the
compressor 1.
[0065] In FIG. 6, an example of the performance char-
acteristics of the refrigeration cycle is shown by a rela-
tionship between the frequency [Hz], i.e., compressor ro-
tational speed and coefficient of performance [COP]. On
the basis of the performance characteristics shown in
FIG. 6, in this embodiment, as an example, the value of
the high-efficiency frequency Fl is made about 45 Hz,
and value of the low-capability frequency Fm is made
about 30 Hz. As the value of the high-efficiency frequency
Fl, a value of a frequency the coefficient of performance
of which is the highest is selected and, as the value of
the low-capability frequency Fm, a value less than the
value of the high-efficiency frequency Fl and of such a
degree that the coefficient of performance thereof is not
extremely lowered is selected.
[0066] When determining the entrance water temper-
ature condition, the controller 40 first determines a first
water temperature condition (S201). In this case, the con-
troller 40 acquires the entrance water temperature TWI
from the entrance water temperature sensor 32, and
compares the acquired entrance water temperature TWI
with the first set value. In this embodiment, the first set
value is the protecting temperature and is set to, for ex-
ample, 54°C. When the entrance water temperature TWI
is lower than the first set value, the controller 40 deter-
mines the first entrance water temperature condition to
be established. On the other hand, when the entrance
water temperature TWI is higher than or equal to the first
set value, the controller 40 determines that the first en-
trance water temperature condition is not established.
[0067] When the first entrance water temperature con-
dition is not established, the controller 40 stops the com-
pressor 1 (S105). Thereby, the heating operation based
on the heat pump is terminated.
[0068] Then, upon stopping of the compressor 1, the
controller 40 starts the heater 15 (S202). Thereby, the
heating operation based on the heater 15 is started. That
is, the operation of the heat pump hot water supply device
HP is switched from the heating operation based on the
heat pump to the heating operation based on the heater
15.
[0069] On the other hand, when the first entrance water
temperature condition is established in S201, the con-

troller 40 determines the second entrance water temper-
ature condition (S203). In this case, the heat pump hot
water supply device HP continues the heating operation
based on the heat pump without switching to the heating
operation based on the heater 15. When determining the
second entrance water temperature condition, the con-
troller 40 compares the entrance water temperature TWI
with the second set value. The second set value is a
value less than the first set value and, in this embodiment,
as an example, is set to about 52°C lower than the first
set value which is the protecting temperature of, for ex-
ample, 54°C. When the entrance water temperature TWI
is lower than or equal to the second set value, the con-
troller 40 determines the second entrance water temper-
ature condition to be established. On the other hand,
when the entrance water temperature TWI exceeds the
second set value, the controller 40 determines that the
second entrance water temperature condition is not es-
tablished.
[0070] When the second entrance water temperature
condition is established, the controller 40 operates the
compressor 1 at a rotational speed corresponding to the
high-efficiency frequency Fl (S204). Accordingly, the
controller 40 increases/decreases the rotational speed
of the compressor 1 according to the rotational speed
thereof at this time in such a manner that the frequency
of the compressor 1 becomes the high-efficiency fre-
quency Fl.
[0071] On the other hand, when the second entrance
water temperature condition is not established in S203,
the controller 40 operates the compressor 1 at a frequen-
cy corresponding to the low-capability frequency Fm
(S205). Accordingly, the controller 40 increases/de-
creases the rotational speed of the compressor 1 accord-
ing to the rotational speed thereof at this time in such a
manner that the frequency of the compressor 1 becomes
the low-capability frequency Fm.
[0072] When the heating operation based on the heat-
er 15 is started or when the heating operation based on
the heat pump is continued at the high-efficiency frequen-
cy Fl or low-capability frequency Fm, the controller 40
determines the thermo-off condition (S104).
[0073] When the thermo-off condition is not estab-
lished, the controller 40 determines the first entrance wa-
ter temperature condition again (S201). That is, the con-
troller 40 appropriately repeats the subsequent process-
ing steps according to success/failure of the first entrance
water temperature condition until the thermo-off condi-
tion is established.
[0074] On the other hand, when the thermo-off condi-
tion is established in S104, the controller 40 executes
predetermined thermo-off processing (S206). As the
thermo-off processing, the controller 40 stops the equip-
ment members in the following manner. When the com-
pressor 1 is already started, the controller 40 stops the
compressor 1 and, when the heater 15 is already started,
stops the heater 15. Further, the controller 40 stops the
circulating pump 11. Thereby, the heating operation of
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the heat pump hot water supply device HP is terminated.
[0075] As described above, according to the heat
pump hot water supply device HP of this embodiment,
when the entrance water temperature TWI is lower than
or equal to the second set value (for example, 52°C), the
heating operation based on the heat pump is carried out
at the high-efficiency frequency Fl, and thus it is possible
to efficiently raise the tank water temperature TTW. At
this time, when the entrance water temperature TWI rises
to become close to the protecting temperature (for ex-
ample, 54°C), it is possible to switch the operation to the
heating operation based on the heat pump at the low-
capability frequency Fm. Thereby, it is possible to carry
out the operation at the low-capability frequency Fm with-
in the area from the second set value to the first set value
without the operation being continued at the high-effi-
ciency frequency Fl until the entrance water temperature
TWI reaches the protecting temperature (first set value).
[0076] Here, when the operation at the high-efficiency
frequency Fl is continued until the entrance water tem-
perature TWI reaches the protecting temperature, the
rise in the entrance water temperature TWI is great due
to the high heating capability, and hence the entrance
water temperature TWI becomes higher than or equal to
the protecting temperature in a short time. In this case,
the operation is switched to the heating operation based
on the heater the efficiency of which is poorer as com-
pared with the heat pump.
[0077] However, in this embodiment, the operation of
the compressor 1 is switched to the heating operation at
the low-capability frequency Fm before the entrance wa-
ter temperature TWI reaches the protecting temperature,
and hence it is possible to appropriately lower the heating
capability when the entrance water temperature TWI gets
close to the protecting temperature. Accordingly, it is pos-
sible to moderate the rate of rise in the entrance water
temperature TWI, prolong the time taken by the entrance
water temperature TWI to reach the protecting temper-
ature, and gradually raise the tank water temperature
TTW. When the compressor 1 is made to carry out the
heating operation at the low-capability frequency Fm as
described above, it becomes possible to make the aver-
age temperature of the tank water temperature TTW
higher during the time until the tank water temperature
TTW reaches the protecting temperature in comparison
with the case where the compressor 1 is made to carry
out the heating operation at the high-efficiency frequency
Fl.
[0078] Further, when the entrance water temperature
TWI rises to a temperature close to the protecting tem-
perature, it is possible to suppress the operation frequen-
cy (repetition) and accumulated operating time of the
heater 15 by making the compressor 1 carry out the heat-
ing operation at the low-capability frequency Fm and con-
tinue the heating operation based on the heat pump as
much as possible. Thereby, it is possible to improve the
operating efficiency of the heat pump hot water supply
device HP and realize saving of energy.

[0079] The value of the first set value which is the pro-
tecting temperature described above is separately set
according to the type of the refrigerant and configuration
of the compressor 1 to be used for the refrigeration cycle
of the heat pump hot water supply device HP. As to setting
of the second set value, although when the temperature
difference between the second set value and first set
value is made as small as possible, the percentage of
the time during which the compressor 1 can be operated
at the high-efficiency frequency Fl increases, if the afore-
mentioned temperature difference is made excessively
small, the possibility of the operation being switched from
the heating operation based on the operation of the com-
pressor 1 to the heating operation based on the heater
15 at an earlier stage becomes stronger. For this reason,
in consideration of an overshoot of the entrance water
temperature TWI at the time of heating based on the op-
eration of the compressor 1, it is desirable that as the
second set value, a value lower than the first set value
by 1 to 2°C be set.
[0080] Although in the embodiment described above,
the heater 15 configured to heat the water in the hot water
supply tank 13 is provided inside the hot water supply
tank 13, the heater 15 may be provided in the circulation
pathway through which the water flows between the heat
radiating coil (water heat radiator) 14 and water heat ex-
changer 3. However, when the heater 15 is provided in
the circulation pathway of the water, it is necessary to
make the circulating pump 11 in operation all the time
while the compressor 1 is in operation or the heater 15
is energized.
[0081] 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 of the 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

[0082] 1 ... compressor, 2 ... four-way valve, 3 ... water
heat exchanger, 4 ... expansion valve, 5 ... air heat ex-
changer, 6 ... accumulator, 7a, 7b ... outdoor fan, 11 ...
circulating pump, 12 ... three-way valve, 12a ... water en-
trance, 12b ... water exit, 12c ... water exit, 13 ... hot water
supply tank, 14 ... heat radiating coil (water heat radiator),
15 ... heater, 16 ... water-inflow pipe, 17 ... water-outflow
pipe, 17a ... faucet, 21, 22, 23 ... heat radiator, 31 ... out-
door air temperature sensor, 32 ... hot-water temperature
sensor (entrance water temperature sensor), 33 ... hot-
water temperature sensor (exit water temperature sen-
sor), 34 ... hot-water temperature sensor (tank water tem-
perature sensor), 40 ... controller, 41 ... operation/display
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portion, A ... outdoor unit, B ... water heat exchanging
unit, C ... load unit, D ... control unit, HP ... heat pump
hot water supply device

Claims

1. A heat pump hot water supply device characterized
by comprising:

a rotary compressor which discharges a com-
pressed gaseous refrigerant therefrom;
a water heat exchanger which heats water flow-
ing through a flow path included in the water
heat exchanger by the gaseous refrigerant;
a tank which retains water therein;
a water heat radiator which is provided inside
the tank and makes the water heated in the water
heat exchanger release the heat thereof to the
inside of the tank;
a pump which circulates water between the wa-
ter heat radiator and the water heat exchanger;
a heater which heats the water inside the tank;
a first temperature sensor which senses a first
temperature of the water flowing into the flow
path of the water heat exchanger after releasing
heat thereof to the water retained in the tank;
a second temperature sensor which senses a
second temperature of the water retained in the
tank; and
a controller which controls an operation or a stop
of the compressor on the basis of the first tem-
perature and the second temperature and con-
trols a rotational speed of the compressor on the
basis of the first temperature while the compres-
sor is in operation.

2. The heat pump hot water supply device of claim 1,
characterized in that

the controller
controls, when the first temperature is higher
than a predetermined set value, the rotational
speed of the compressor to a rotational speed
at which high efficiency can be obtained, and
controls, when the first temperature is lower than
a temperature set lower than the set value, the
rotational speed of the compressor to a rotation-
al speed lower than the rotational speed at which
the high efficiency can be obtained.

3. The heat pump hot water supply device of claim 2,
characterized in that
the controller stops, when the first temperature
reaches a protecting temperature of the compressor
higher than the set value, the compressor.

4. The heat pump hot water supply device of claim 1,

characterized in that
the controller controls the rotational speed of the
compressor on the basis of a difference between the
first temperature and the second temperature while
the compressor is in operation.

5. The heat pump hot water supply device of claim 4,
characterized in that

the controller
increases, when the difference between the first
temperature and the second temperature is less
than or equal to a first threshold, the rotational
speed of the compressor,
decreases, when the difference between the
first temperature and the second temperature
exceeds a second threshold greater than the
first threshold, the rotational speed of the com-
pressor, and
keeps, when the difference between the first
temperature and the second temperature ex-
ceeds the first threshold and is less than or equal
to the second threshold, the rotational speed of
the compressor as it is.

6. The heat pump hot water supply device of claim 5,
characterized in that

the controller determines a condition for deter-
mining whether or not the operation of the com-
pressor should be continued to heat the water
retained in the tank,
when the condition is established, repeats the
control of the rotational speed of the compressor
to thereby continue to heat the water retained in
the tank, and
when the condition is not established, stops the
compressor.

7. The heat pump hot water supply device of claim 6,
characterized in that
the controller determines, when the first temperature
is higher than or equal to a temperature of the upper
limit of the water flowing into the water heat exchang-
er set for the purpose of protecting the compressor
or when the second temperature is higher than or
equal to a preset temperature, the condition to be
established and determines, when neither of the
foregoing situations is obtained, that the condition is
not established.

8. The heat pump hot water supply device of any one
of claims 1 to 7, characterized in that
the controller stops, when the second temperature
reaches the set temperature, the operations of the
compressor and the heater.

9. A heat pump heat source device characterized by
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comprising:

a rotary compressor which discharges a com-
pressed gaseous refrigerant;
a water heat exchanger which heats water flow-
ing through a flow path included in the water
heat exchanger by the gaseous refrigerant;
a pump which circulates water between the wa-
ter heat exchanger and a heat exchanger on the
usage side;
a first temperature sensor which senses a first
temperature of water flowing into the flow path
of the water heat exchanger; and
a controller which controls a stop of the com-
pressor on the basis of the first temperature,
controls, while the compressor is in operation,
when the first temperature is higher than a pre-
determined set value, a rotational speed of the
compressor to a rotational speed at which high
efficiency can be obtained, and controls, when
the first temperature is lower than a temperature
set lower than the set value, the rotational speed
of the compressor to a rotational speed lower
than the rotational speed at which the high effi-
ciency can be obtained.

10. The heat pump heat source device of claim 9, char-
acterized in that
the heat exchanger on the usage side is a water heat
radiator provided inside the hot water supply tank.
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