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(54) HEAT PUMP SYSTEM

(57) A heat pump system of the present invention
includes: a low temperature heating side refrigerant cir-
cuit; a high temperature heating side refrigerant circuit;
a first pipe to connect a low temperature side liquid supply
port, a low temperature heating side condenser, and a
high temperature heating side evaporator in this order,
thereby to circulate liquid; a second pipe configured to
connect a high temperature side liquid supply port and a
high temperature heating side condenser in this order,
thereby to circulate the liquid; a pump provided in the first
pipe and configured to feed the liquid heated in the low

temperature heating side condenser to the high temper-
ature heating side evaporator; a control valve provided
in the first pipe between the low temperature heating side
condenser and the high temperature heating side evap-
orator and configured to control a flow rate of the liquid
circulated inside the first pipe; and a control unit config-
ured to control at least one of the pump and the control
valve, and control a flow rate of the liquid fed from the
low temperature heating side condenser to the high tem-
perature heating side evaporator.
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Description

Technical Field

[0001] The present invention relates to a heat pump
system in which two refrigeration cycles are connected.

Background Art

[0002] Conventionally, to generate high-temperature
hot water using fluorocarbon-based refrigerant, a heat
pump cycle using natural refrigerant for achieving high
efficiency, or a cascade refrigeration cycle using fluoro-
carbon-based refrigerant such as R134a has been pro-
posed (for example, see Patent Literature 1).

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Unexamined Pat-
ent Application Publication No. 2012-42177

Summary of Invention

Technical Problem

[0004] Here, the heat pump cycle using the natural re-
frigerant described above has a serious problem in re-
spect of techniques and costs since a pressure to com-
press refrigerant such as CO2 is extremely high and com-
bustible HC-based refrigerant is used.
[0005] On the other hand, in the heat pump of the cas-
cade refrigeration cycle described in Patent Literature 1,
an evaporation heat quantity of an evaporator of a high
order side refrigerant circuit and a heating quantity of a
condenser of a low order side refrigerant circuit need to
be balanced at all times. Therefore, in the field of hot
water supply in which the pressure inside the high order
side refrigerant circuit is maintained high, keeping the
balance mentioned above is a serious technical subject,
and hence there is a problem that it is difficult to highly
efficiently and stably generate high-temperature water.
[0006] The present invention has been attained to
solve the above-described problems, and an object of
the present invention is to provide a heat pump system
that highly efficiently and stably generates high-temper-
ature water without performing complicated control in a
refrigerant circuit.

Solution to Problem

[0007] A heat pump system according to an embodi-
ment of the present invention includes: a low temperature
heating side refrigerant circuit in which a low temperature
heating side compressor, a low temperature heating side
condenser, a low temperature heating side expansion
valve and a low temperature heating side evaporator are

successively connected by a refrigerant pipe; a high tem-
perature heating side refrigerant circuit in which a high
temperature heating side compressor, a high order heat-
ing side condenser, a high order heating side expansion
valve and a high temperature heating side evaporator
are successively connected by a refrigerant pipe; a first
pipe configured to connect a low temperature side liquid
supply port, the low temperature heating side condenser,
and the high temperature heating side evaporator in this
order, thereby to circulate liquid; a second pipe config-
ured to connect a high temperature side liquid supply
port and the high temperature heating side condenser in
this order, thereby to circulate the liquid; a pump provided
in the first pipe and configured to feed the liquid heated
in the low temperature heating side condenser to the high
temperature heating side evaporator; a control valve pro-
vided in the first pipe between the low temperature heat-
ing side condenser and the high temperature heating side
evaporator, thereby to control a flow rate of the liquid
circulated inside the first pipe; and a control unit config-
ured to control at least one of the pump and the control
valve, thereby to control a flow rate of the liquid fed from
the low temperature heating side condenser to the high
temperature heating side evaporator.

Advantageous Effects of Invention

[0008] According to an embodiment of the present in-
vention, since an evaporating pressure or an evaporating
temperature of refrigerant inside a high temperature
heating side evaporator can be stabilized, a heat pump
system that highly efficiently and stably generates high-
temperature water can be obtained.

Brief Description of Drawings

[0009]

[Fig. 1] Fig. 1 is a circuit diagram of a conventional
heat pump system using a cascade refrigeration cy-
cle.
[Fig. 2] Fig. 2 is a schematic block diagram of a heat
pump system in an embodiment of the present in-
vention.
[Fig. 3] Fig. 3 is a state diagram illustrating control
relationship of a control unit of the heat pump system
in the embodiment of the present invention.
[Fig. 4] Fig. 4 is a schematic block diagram at the
time of operating a low temperature heating side re-
frigerant circuit of the heat pump system in the em-
bodiment of the present invention.
[Fig. 5] Fig. 5 is a schematic block diagram at the
time of operating a high temperature heating side
refrigerant circuit of the heat pump system in the em-
bodiment of the present invention.
[Fig. 6] Fig. 6 is a schematic block diagram at the
time of taking out two kinds of hot water from the
heat pump system in the embodiment of the present
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invention. Description of Embodiments

[0010] An embodiment of a heat pump system of the
present invention will be described hereinafter with ref-
erence to the drawings. Note that a form in the drawings
is just an example and does not limit the present inven-
tion. In addition, components designated by the same
signs in the individual drawings are the same or equiva-
lents, and the same applies throughout the description.
Further, in the following drawings, relationship of sizes
of individual components is often different from the actual
relationship.

Embodiment.

[0011] For easy understanding of the heat pump sys-
tem according to the embodiment of the present inven-
tion, a heat pump system using a conventional cascade
refrigeration cycle will be described first. Fig. 1 is a circuit
diagram of the heat pump system using the conventional
cascade refrigeration cycle.
[0012] As illustrated in Fig. 1, a heat pump system 200
includes a low order side refrigerant circuit C and a high
order side refrigerant circuit D. The low order side refrig-
erant circuit C is configured such that a compressor 108,
a refrigerant heat exchanger 101, an expansion valve
102, and an evaporator 103 are successively connected
by a pipe. The high order side refrigerant circuit D is con-
figured such that a compressor 104, a condenser 105,
an expansion valve 106, and the refrigerant heat ex-
changer 101 are successively connected by a pipe. Re-
frigerant of the low order side refrigerant circuit C and
refrigerant of the high order side refrigerant circuit D ex-
change heat with each other in the refrigerant heat ex-
changer 101, and thus the heat pump system 200 using
the cascade refrigeration cycle is configured.
[0013] Note that R410A or other such refrigerants are
suitable as the refrigerant of the low order side refrigerant
circuit C in the heat pump system 200, and R134a or
other such refrigerants are suitable as the refrigerant of
the high order side refrigerant circuit D.
[0014] In the low order side refrigerant circuit C, high-
temperature and high-pressure gas refrigerant com-
pressed in the compressor 108 is cooled by heat ex-
change with the refrigerant of the high order side refrig-
erant circuit D in the refrigerant heat exchanger 101, and
is condensed and liquefied. The condensed and liquefied
high-pressure liquid refrigerant is, after being depressu-
rized by the expansion valve 102, evaporated by heat
exchange with outdoor air in the evaporator 103 to be-
come low-temperature and low-pressure gas refrigerant,
and then returns to the compressor 108 again. The re-
frigerant cycle is thus configured.
[0015] Similarly, in the high order side refrigerant circuit
D, high-temperature and high-pressure gas refrigerant
compressed in the compressor 104 is cooled, condensed
and liquefied by temperature-decreased water on a load
side in the condenser 105. The condensed and liquefied

high-pressure liquid refrigerant is, after being depressu-
rized by the expansion valve 106, evaporated by heat
exchange with the refrigerant of the low order side refrig-
erant circuit C in the refrigerant heat exchanger 101, be-
comes low-temperature and low-pressure gas refriger-
ant, and then returns to the compressor 104 again. The
refrigerant cycle is thus configured.
[0016] Here, water passing through a water circuit 107
exchanges heat with the refrigerant of the high order side
refrigerant circuit D circulated through the condenser
105, and thus a temperature of the water is raised from
10 degrees C to 90 degrees C, for example.
[0017] In this way, in the conventional heat pump sys-
tem 200 using the cascade refrigeration cycle, the high
order side refrigerant circuit D and the low order side
refrigerant circuit C are connected through the refrigerant
heat exchanger 101. Then, in the high order side refrig-
erant circuit D, by allowing the water on the load side to
pass through the condenser 105, the water at 10 degrees
C is heated to hot water at 90 degrees C, for example.
Thus, to stably heat the water on the load side, an evap-
orating temperature of the refrigerant in the refrigerant
heat exchanger 101 of the high order side refrigerant
circuit D and a condensing temperature of the refrigerant
in the refrigerant heat exchanger 101 of the low order
side refrigerant circuit C need to be optimally balanced
at all times, posing a serious technical problem. As de-
scribed above, in the conventional heat pump system
using the cascade refrigeration cycle, it is difficult to highly
efficiently and stably generate high-temperature water.

[Configuration of refrigerant circuit]

[0018] Fig. 2 is a schematic block diagram of the heat
pump system in the embodiment of the present invention.
As illustrated in Fig. 2, a heat pump system 100 includes
a high temperature heating side refrigerant circuit A and
a low temperature heating side refrigerant circuit B. The
high temperature heating side refrigerant circuit A is con-
figured such that a high temperature heating side com-
pressor 8, a high temperature heating side condenser 1,
a high temperature heating side expansion valve 11, and
a high temperature heating side evaporator 2 are suc-
cessively connected by a refrigerant pipe. In addition, the
low temperature heating side refrigerant circuit B is con-
figured such that a low temperature heating side com-
pressor 9, a low temperature heating side condenser 4,
a low temperature heating side expansion valve 12, and
a low temperature heating side evaporator 6 are succes-
sively connected by a refrigerant pipe.
[0019] In the high temperature heating side refrigerant
circuit A, high-temperature and high-pressure gas refrig-
erant compressed in the high temperature heating side
compressor 8 is cooled by heat exchange with the water
on the load side flowing from a pipe 22b to a pipe 22c,
and is condensed and liquefied in the high temperature
heating side condenser 1. The condensed and liquefied
high-pressure liquid refrigerant is, after being depressu-
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rized by the high temperature heating side expansion
valve 11, evaporated by heat exchange with the water
flowing from a pipe 20d to a pipe 20e in the high temper-
ature heating side evaporator 2, becomes low-tempera-
ture and low-pressure gas refrigerant, and then returns
to the high temperature heating side compressor 8 again.
The refrigeration cycle is thus configured. Note that the
water corresponds to "liquid" in the present invention.
[0020] In the low temperature heating side refrigerant
circuit B, high-temperature and high-pressure gas refrig-
erant compressed in the low temperature heating side
compressor 9 is cooled by heat exchange with the water
on the load side flowing from a pipe 20a to a pipe 20b,
and is condensed and liquefied in the low temperature
heating side condenser 4. The condensed and liquefied
high-pressure liquid refrigerant is, after being depressu-
rized by the low temperature heating side expansion
valve 12, evaporated by heat exchange with air or other
media in the low temperature heating side evaporator 6,
becomes low-temperature and low-pressure gas refrig-
erant, and then returns to the low temperature heating
side compressor 9 again. The refrigeration cycle is thus
configured.

[Configuration of water circuit]

[0021] The low temperature heating side refrigerant
circuit B of the heat pump system 100 includes a low
temperature side water supply port 30 configured to sup-
ply water heated by utilizing waste heat, and a low tem-
perature side tank 32 configured to store the water that
is supplied and heated in the low temperature heating
side refrigerant circuit B. In addition, the high temperature
heating side refrigerant circuit A of the heat pump system
100 includes a high temperature side water supply port
31 configured to supply water, and a high temperature
side tank 33 configured to store the water that is supplied
and heated in the high temperature heating side refrig-
erant circuit A.
[0022] Note that the low temperature side water supply
port 30 corresponds to a "low temperature side liquid
supply port" in the present invention. In addition, the high
temperature side water supply port 31 corresponds to a
"high temperature side liquid supply port" in the present
invention.
[0023] As illustrated in Fig. 2, the low temperature side
water supply port 30 and the low temperature heating
side condenser 4 are connected through the pipe 20a.
In addition, the low temperature heating side condenser
4 and a pipe 20c are connected through the pipe 20b.
The pipe 20b is provided with a pump 5 to feed the water
from the low temperature heating side condenser 4 to
the pipe 20c and the high temperature heating side evap-
orator 2. One end of the pipe 20c is connected to a motor-
operated valve 7, and the other end of the pipe 20c is
connected to a three-way valve 3. The three-way valve
3 is provided between the pipe 20d on the side of the
high temperature heating side evaporator 2 and the pipe

20c on the side of the low temperature heating side con-
denser 4, and is connected to the high temperature heat-
ing side evaporator 2 through the pipe 20d. The high
temperature heating side evaporator 2 is connected to a
water return port 16 through the pipe 20e. The water re-
turn port 16 communicates with a water return port 17
and the water return port 17 is connected to the pipe 20a
so that the water that has passed through the high tem-
perature heating side evaporator 2 and is having the
waste heat joins the pipe 20a. Further, the three-way
valve 3 and a three-way valve 10 are connected through
a pipe 23. On the other hand, the motor-operated valve
7 and the low temperature side tank 32 are connected
through a pipe 21.
[0024] Note that the pipe 20a, the pipe 20b, the pipe
20c, the pipe 20d, and the pipe 20e correspond to a "first
pipe" in the present invention. In addition, the three-way
valve 3 corresponds to a "control valve" and a "first three-
way valve" in the present invention. Furthermore, the pipe
23 corresponds to a "third pipe" in the present invention.
In addition, the three-way valve 10 corresponds to a "sec-
ond three-way valve" in the present invention.
[0025] The high temperature side water supply port 31
and the three-way valve 10 are connected through a pipe
22a. In addition, the three-way valve 10 and the high
temperature heating side condenser 1 are connected
through the pipe 22b. Furthermore, the high temperature
heating side condenser 1 and the high temperature side
tank 33 are connected through the pipe 22c. Note that
the pipe 22a, the pipe 22b and the pipe 22c correspond
to a "second pipe" in the present invention.
[0026] In this way, by connecting devices configuring
the heat pump system 100 by the individual pipes, the
water circuit from the low temperature side water supply
port 30 to the low temperature side tank 32 and the water
circuit from the high temperature side water supply port
31 to the high temperature side tank 33 are formed. In
addition, the water circuit from the low temperature side
water supply port 30 through the low temperature heating
side condenser 4 and the three-way valve 3 to the high
temperature heating side evaporator 2 is also formed.
[0027] In addition, the heat pump system 100 includes
a temperature sensor 13, a pressure sensor 14, a tem-
perature sensor 15 and a control unit 18 to be described
later in Fig. 3.

[Control unit]

[0028] Fig. 3 is a state diagram illustrating control re-
lationship of a control unit of the heat pump system in
the embodiment of the present invention. As illustrated
in Fig. 3, the control unit 18 comprises a microcomputer,
for example, and controls drive of the three-way valve 3,
the pump 5, the motor-operated valve 7 and the three-
way valve 10. In addition, the control unit 18 allows the
pressure sensor 14 provided in the refrigerant pipe on a
downstream side of the high temperature heating side
evaporator 2 to detect an evaporating pressure of the
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refrigerant in the high temperature heating side evapo-
rator 2. Furthermore, the control unit 18 allows the tem-
perature sensor 13 provided in the refrigerant pipe on
the downstream side of the high temperature heating side
evaporator 2 to detect an evaporating temperature of the
refrigerant in the high temperature heating side evapo-
rator 2. Further, the control unit 18 detects a temperature
of the hot water flowing out from the high temperature
heating side condenser 1 by the temperature sensor 15
provided in the pipe 22c on the downstream side of the
high temperature heating side condenser 1. Note that
the temperature sensor 13 and the temperature sensor
15 are configured by a thermistor, for example. Note that,
while an example that the control unit 18 is provided in-
side the high temperature heating side refrigerant circuit
A is illustrated in the present embodiment, the present
invention is not limited thereto and the control unit 18
may be provided in a place other than the high temper-
ature heating side refrigerant circuit A.

[Control example of control unit]

[0029] The control unit 18 determines an optimum val-
ue of the evaporating temperature or the evaporating
pressure of the refrigerant on the downstream of the high
temperature heating side evaporator 2, from a target hot
water temperature of the hot water generated in the high
temperature heating side refrigerant circuit A and a utili-
zation temperature of the waste heat of the hot water
utilizing the waste heat supplied from the low temperature
side water supply port 30. For example, in the control
unit 18, the temperature of the water heated in the high
temperature heating side refrigerant circuit A or the tem-
perature of the water heated in the low temperature heat-
ing side refrigerant circuit B is detected, and the pump 5
is controlled to attain a heating quantity required in the
low temperature heating side condenser 4 by predeter-
mined calculation. Or, in the control unit 18, power con-
sumption of the high temperature heating side refrigerant
circuit A and the low temperature heating side refrigerant
circuit B is measured, and the pump 5 is controlled to
attain the heating quantity required in the low tempera-
ture heating side condenser 4 by predetermined calcu-
lation.
[0030] In addition, the control unit 18 controls the three-
way valve 3, and controls a flow rate of the water to the
high temperature heating side evaporator 2 so that the
evaporating temperature or the evaporating pressure of
the high temperature heating side evaporator 2 becomes
the optimum value. Furthermore, the control unit 18 con-
trols the three-way valve 10 to allow the hot water heated
in the low temperature heating side condenser 4 to flow
into the three-way valve 10, to allow the water to be mixed
with the water flowing from the high temperature side
water supply port 31 into the high temperature heating
side condenser 1.
[0031] In addition, as another control example of the
control unit 18, the temperature of the water heated by

the high temperature heating side condenser 1 and de-
tected by the temperature sensor 15 and the evaporating
temperature of the refrigerant detected by the tempera-
ture sensor 13 or the evaporating pressure of the refrig-
erant detected by the pressure sensor 14 are detected,
and the pump 5 and the three-way valve 3 are controlled
on the basis of predetermined calculation.
[0032] Furthermore, as another control example of the
control unit 18, a target temperature of the water gener-
ated in the high temperature heating side refrigerant cir-
cuit A is detected, and operation of the low temperature
heating side refrigerant circuit B and the high temperature
heating side refrigerant circuit A and the three-way valve
3 are controlled.

[Operation of low temperature heating side refrigerant 
circuit B alone]

[0033] Fig. 4 is a schematic block diagram at the time
of operating the low temperature heating side refrigerant
circuit of the heat pump system in the embodiment of the
present invention. Note that a thick solid line arrow in Fig.
4 indicates flow of the water. As illustrated in Fig. 4, the
control unit 18 drives the pump 5, and makes the water
flow from the low temperature side water supply port 30
through the pipe 20a into the low temperature heating
side condenser 4. Then, the water flowing into the low
temperature heating side condenser 4 exchanges heat
with high-pressure and high-temperature refrigerant
flowing into the low temperature heating side condenser
4 of the low temperature heating side refrigerant circuit
B, and a liquid temperature rises from 30 degrees C to
40 degrees C, for example. The water flowing out from
the low temperature heating side condenser 4 passes
through the pipe 20b and the pipe 21 and is stored in the
low temperature side tank 32.
[0034] In this way, there is a case where the target
temperature of the water is set at about 40 degrees C for
a heating use or other uses through contact input or other
input from a remote controller or a central control panel,
for example. At the time, the control unit 18 stops the
high temperature heating side compressor 8, closes the
three-way valve 3, drives the low temperature heating
side compressor 9, opens the motor-operated valve 7,
operates the low temperature heating side refrigerant cir-
cuit B alone, and generates low-temperature hot water
in the water circuit.

[Operation of high temperature heating side refrigerant 
circuit A alone]

[0035] Fig. 5 is a schematic block diagram at the time
of operating the high temperature heating side refrigerant
circuit of the heat pump system in the embodiment of the
present invention. Note that a thick solid line arrow in Fig.
5 indicates the flow of the water. As illustrated in Fig. 5,
the control unit 18 control the three-way valve 10 so that
the water is circulated from the pipe 22a to the pipe 22b,
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and allows the water to be frown from the high temper-
ature side water supply port 31 to the high temperature
heating side condenser 1 through the pipe 22a and the
pipe 22b. Then, the water flowing into the high temper-
ature heating side condenser 1 exchanges the heat with
the high-pressure and high-temperature refrigerant flow-
ing into the high temperature heating side condenser 1
of the high temperature heating side refrigerant circuit A,
and the liquid temperature rises to 90 degrees C that is
higher than the liquid temperature of the hot water gen-
erated in the low temperature heating side refrigerant
circuit B, for example. The water flowing out from the high
temperature heating side condenser 1 passes through
the pipe 22c and is stored in the high temperature side
tank 33.
[0036] In this way, there is a case where the target
temperature of the water is set at about 90 degrees C
through contact input or other input from a remote con-
troller or a central control panel or other devices, for ex-
ample, and high-temperature waste water is stably ob-
tained from the high temperature side water supply port
31. At this time, the control unit 18 stops the low temper-
ature heating side compressor 9, performs control so that
the three-way valve 10 circulates the water only from the
pipe 22a to the pipe 22b, drives the high temperature
heating side compressor 8, operates the high tempera-
ture heating side refrigerant circuit A alone, and gener-
ates high-temperature hot water in the water circuit.

[Operation of high temperature heating side refrigerant 
circuit A and low temperature heating side refrigerant cir-
cuit B]

[0037] Fig. 6 is a schematic block diagram at the time
of taking out two kinds of hot water from the heat pump
system in the embodiment of the present invention. Note
that a thick solid line arrow in Fig. 6 indicates the flow of
the water. As illustrated in Fig. 6, the control unit 18 drives
the pump 5, opens the motor-operated valve 7, adjusts
an opening degree of the three-way valve 3, and makes
the water flow from the low temperature side water supply
port 30 through the pipe 20a into the low temperature
heating side condenser 4. Then, the water flowing into
the low temperature heating side condenser 4 exchanges
the heat with the high-pressure and high-temperature re-
frigerant flowing into the low temperature heating side
condenser 4 of the low temperature heating side refrig-
erant circuit B, and the liquid temperature rises from 30
degrees C to 40 degrees C, for example. The water flow-
ing out from the low temperature heating side condenser
4 passes through the pipe 20b and the pipe 21 and is
separated into the water to be stored in the low temper-
ature side tank 32 and the water to be sent to the three-
way valve 3.
[0038] The control unit 18 controls the three-way valve
3 such that the water is circulated from the pipe 20c to
the pipe 20d. Then, the water sent to the three-way valve
3 is sent to the high temperature heating side evaporator

2, exchanges the heat with the refrigerant circulated in
the high temperature heating side evaporator 2 of the
high temperature heating side refrigerant circuit A, and
evaporates the refrigerant. Here, since the water sent to
the high temperature heating side evaporator 2 is heated
by the low temperature heating side condenser 4 and is
at 40 degrees C stably, for example, the evaporating tem-
perature and the evaporating pressure of the refrigerant
in the high temperature heating side evaporator 2 can be
stabilized.
[0039] The water sent to the high temperature heating
side evaporator 2 flows out from the high temperature
heating side evaporator 2, and is sent through the pipe
20e to the water return port 16. The water sent to the
water return port 16 is sent to the water return port 17,
joins the water utilizing the waste heat supplied from the
low temperature side water supply port 30, and is sent
to the low temperature heating side condenser 4 again.
Here, the control unit 18 adjusts the opening degree of
the three-way valve 3 by predetermined calculation so
that the evaporating temperature of the refrigerant de-
tected in the temperature sensor 13 or the evaporating
pressure detected in the pressure sensor 14 becomes a
fixed value or greater, thereby to bring the liquid temper-
ature of the water heated in the high temperature heating
side condenser 1 detected in the temperature sensor 15
close to the target liquid temperature.

[Defrosting operation]

[0040] When the heat pump system 100 is operated
under a low outdoor air condition of a winter season or
other conditions, frost adheres to the low temperature
heating side evaporator 6 and a defrosting operation
needs to be performed. At this time, the hot water from
the high temperature side tank 33 storing the high-tem-
perature water heated in the high temperature heating
side refrigerant circuit A is made to pass through in the
order of the pipe 22c, the pipe 22b, the three-way valve
10, the pipe 23, the three-way valve 3, the pipe 20c and
the pipe 20b, and is made to flow back to the low tem-
perature heating side condenser 4. In such a manner,
the high-temperature water heated in the high tempera-
ture heating side refrigerant circuit A can be used as a
heat source for defrosting the low temperature heating
side refrigerant circuit B, and defrosting time can be short-
ened.
[0041] As described above, it is possible to take out
technically easily, highly efficiently and stably the hot wa-
ter that is needed not only in a house but also in a building
or a factory or other facilities.
[0042] Note that, as the refrigerant used in the low tem-
perature heating side refrigerant circuit B, R32, R410A,
or R407C is used, for example. On the other hand, as
the refrigerant used in the high temperature heating side
refrigerant circuit A using ammonia, R1234yf, R1234ze,
R245fa, or HC-based refrigerant is used, for example.
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[Effects of embodiment]

[0043] From the above, the heat pump system 100 in-
cludes: the low temperature heating side refrigerant cir-
cuit B in which the low temperature heating side com-
pressor 9, the low temperature heating side condenser
4, the low temperature heating side expansion valve 12
and the low temperature heating side evaporator 6 are
successively connected by a refrigerant pipe; the high
temperature heating side refrigerant circuit A in which
the high temperature heating side compressor 8, the high
temperature heating side condenser 1, the high temper-
ature heating side expansion valve 11 and the high tem-
perature heating side evaporator 2 are successively con-
nected by a refrigerant pipe; the first pipe configured to
connect a low temperature side liquid supply port, the
low temperature heating side condenser 4, and the high
temperature heating side evaporator 2 in this order,
thereby to circulate the liquid; the second pipe configured
to connect a high temperature side liquid supply port and
the high temperature heating side condenser 1 in this
order, thereby to circulate the liquid; the pump provided
in the first pipe and configured to feed the liquid heated
in the low temperature heating side condenser 4 to the
high temperature heating side evaporator 2; the control
valve provided in the first pipe between the low temper-
ature heating side condenser 4 and the high temperature
heating side evaporator 2 and configured to control the
flow rate of the liquid circulated inside the first pipe; and
the control unit 18 configured to control at least one of
the pump 5 and the control valve, and control the flow
rate of the liquid fed from the low temperature heating
side condenser 4 to the high temperature heating side
evaporator 2.
[0044] In such a manner, since the evaporating pres-
sure or the evaporating temperature of the refrigerant
inside the high temperature heating side evaporator 2
can be stabilized, the heat pump system that highly effi-
ciently and stably generates high-temperature water can
be obtained.
[0045] In addition, the control unit 18 controls the pump
5 and the control valve based on the temperature of the
liquid heated by the high temperature heating side con-
denser 1, and the evaporating temperature of the refrig-
erant in the high temperature heating side evaporator 2
or the evaporating pressure of the refrigerant in the high
temperature heating side evaporator 2.
[0046] In such a manner, since the evaporating pres-
sure or the evaporating temperature of the refrigerant
inside the high temperature heating side evaporator 2
can be stabilized, the heat pump system that highly effi-
ciently and stably generates high-temperature water can
be obtained.
[0047] In addition, the control unit 18 detects the target
temperature of the liquid generated in the high temper-
ature heating side refrigerant circuit A, and controls the
operation of the low temperature heating side refrigerant
circuit B and the high temperature heating side refrigerant

circuit A, and the control valve.
[0048] In such a manner, like the operation of the high
temperature heating side refrigerant circuit A alone or
the operation of the low temperature heating side refrig-
erant circuit B alone, adapting to the operation demanded
by a user can be flexibly performed.
[0049] Furthermore, the temperature of the liquid cir-
culated in the second pipe and heated in the high tem-
perature heating side condenser 1 is higher than the tem-
perature of the liquid circulated in the first pipe and heated
in the low temperature heating side condenser 4.
[0050] In such a manner, the hot water at different tem-
peratures can be obtained in one heat pump system 100.
[0051] In addition, the control valve is a first three-way
valve, and the heat pump system 100 further includes:
the second three-way valve provided in the second pipe
between the high temperature side liquid supply port and
the high temperature heating side condenser 1; and the
third pipe configured to connect the first three-way valve
and the second three-way valve.
[0052] In such a manner, the stable high-temperature
water can be supplied from the first three-way valve to
the second pipe, and the temperature of the water circu-
lated in the second pipe can be elevated.
[0053] Furthermore, the liquid heated in the high tem-
perature heating side refrigerant circuit A is circulated
through the second pipe, the third pipe and the first pipe
to the low temperature heating side condenser 4.
[0054] In such a manner, the high-temperature water
heated in the high temperature heating side refrigerant
circuit A can be turned to the heat source for defrosting
the low temperature heating side refrigerant circuit B, and
the defrosting time can be shortened.

Reference Signs List

[0055] 1 high temperature heating side condenser 2
high temperature heating side evaporator 3 three-way
valve 4 low temperature heating side condenser 5 pump
6 low temperature heating side evaporator 7 motor-op-
erated valve 8 high temperature heating side compressor
9 low temperature heating side compressor 10 three-way
valve 11 high temperature heating side expansion valve
12 low temperature heating side expansion valve 13 tem-
perature sensor 14 pressure sensor 15 temperature sen-
sor 16 water return port 17 water return port 18 control
unit 20a pipe 20b pipe 20c pipe 20d pipe 20e pipe 21
pipe 22a pipe 22b pipe 22c pipe 23 pipe 30 low temper-
ature side water supply port 31 high temperature side
water supply port 32 low temperature side tank 33 high
temperature side tank 100 heat pump system 101 refrig-
erant heat exchanger 102 expansion valve 103 evapo-
rator 104 compressor 105 condenser 106 expansion
valve 107 water circuit 108 compressor 200 heat pump
system A high temperature heating side refrigerant circuit
B low temperature heating side refrigerant circuit C low
order side refrigerant circuit D high order side refrigerant
circuit
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Claims

1. A heat pump system comprising:

a low temperature heating side refrigerant circuit
in which a low temperature heating side com-
pressor, a low temperature heating side con-
denser, a low temperature heating side expan-
sion valve and a low temperature heating side
evaporator are successively connected by a re-
frigerant pipe;
a high temperature heating side refrigerant cir-
cuit in which a high temperature heating side
compressor, a high temperature heating side
condenser, a high temperature heating side ex-
pansion valve and a high temperature heating
side evaporator are successively connected by
a refrigerant pipe;
a first pipe configured to connect a low temper-
ature side liquid supply port, the low temperature
heating side condenser, and the high tempera-
ture heating side evaporator in this order, there-
by to circulate liquid;
a second pipe configured to connect a high tem-
perature side liquid supply port and the high tem-
perature heating side condenser in this order,
thereby to circulate the liquid;
a pump provided in the first pipe and configured
to feed the liquid heated in the low temperature
heating side condenser to the high temperature
heating side evaporator;
a control valve provided in the first pipe between
the low temperature heating side condenser and
the high temperature heating side evaporator
and configured to control a flow rate of the liquid
circulated inside the first pipe; and
a control unit configured to control at least one
of the pump and the control valve, and control
a flow rate of the liquid fed from the low temper-
ature heating side condenser to the high tem-
perature heating side evaporator.

2. The heat pump system of claim 1,
wherein the control unit is configured to control the
pump and the control valve based on a temperature
of the liquid heated by the high temperature heating
side condenser, and an evaporating temperature of
refrigerant in the high temperature heating side
evaporator or an evaporating pressure of the refrig-
erant in the high temperature heating side evapora-
tor.

3. The heat pump system of claim 1 or 2,
wherein the control unit is configured to detect a tar-
get temperature of the liquid generated in the high
temperature heating side refrigerant circuit, and con-
trol operation of the low temperature heating side
refrigerant circuit and the high temperature heating

side refrigerant circuit, and the control valve.

4. The heat pump system of any one of claims 1 to 3,
wherein a temperature of the liquid circulated in the
second pipe and heated in the high temperature
heating side condenser is higher than a temperature
of the liquid circulated in the first pipe and heated in
the low temperature heating side condenser.

5. The heat pump system of any one of claims 1 to 4,
wherein the control valve is a first three-way valve,
the heat pump system further comprising:

a second three-way valve provided in the sec-
ond pipe between the high temperature side liq-
uid supply port and the high temperature heating
side condenser; and
a third pipe configured to connect the first three-
way valve and the second three-way valve.

6. The heat pump system of claim 5,
wherein the liquid heated in the high temperature
heating side refrigerant circuit is circulated through
the second pipe, the third pipe and the first pipe to
the low temperature heating side condenser.
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