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(57) ABSTRACT 

A heat pump heating system (1A) includes: a refrigerant 
circuit (3) including a compressor (21), a radiator (22), and 
an expansion member (25A), and an evaporator (26); a 
circulation path (5) for circulating a liquid through the 
radiator (22) to produce a heated liquid; and a heater (4) for 
dissipating heat of the heated liquid. The refrigerant circuit 
(3) is provided with an internal heat exchanger (23A) for 
transferring heat from a high pressure refrigerant that has 
released heat in the radiator (22) to a low pressure refrig 
erant. The liquid flowing through the circulation path (5) is 
cooled in a liquid cooling heat exchanger (24) by means of 
the high pressure refrigerant flowing out of the internal heat 
exchanger (23A), before the liquid flows into the radiator 
(22). 
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HEAT PUMP HEATING SYSTEM 

TECHNICAL FIELD 

0001. The present invention relates to a heat pump heat 
ing system for performing heating through the use of a 
heated liquid produced by a heat pump (refrigeration cycle 
apparatus). 

BACKGROUND ART 

0002 Conventionally, there has been known a heat pump 
heating system for producing hot water by a heat pump and 
performing heating through the use of this hot water. For 
example, Patent Literature 1 discloses a heat pump heating 
system 100 as shown in FIG. 10. This heat pump heating 
system 100 includes a heat pump 200 having a refrigerant 
circuit 10 for circulating a refrigerant and a circulation path 
16 for circulating water. 
0003. The refrigerant circuit 10 includes a compressor 11, 
a radiator 12, an expansion valve 13, and an evaporator 14, 
which are connected in this order by pipes. The circulation 
path 16 has a hot water storage tank 15. Water is taken out 
of the hot water storage tank 15 and fed to the radiator 12, 
where hot water is produced. This hot water is stored in the 
hot water storage tank 15. The hot water stored in the hot 
water storage tank 15 is fed to, for example, a heater 17 
disposed in a room, releases heat there, and then is returned 
to the hot water storage tank 15. 
0004 Recently, there have been proposals to provide an 
internal heat exchanger in a heat pump. For example, Patent 
Literature 2 discloses, as a heat pump for hot water Supply, 
a heat pump 201 including an internal heat exchanger 18 as 
shown in FIG. 11. The internal heat exchanger 18 is 
designed to exchange heat between a high pressure refrig 
erant flowing out of a radiator 12 and a low pressure 
refrigerant flowing out of an evaporator 14. With this 
structure, the temperature of the low pressure refrigerant 
drawn into a compressor 11 increases, which produces 
higher temperature hot water. 
0005. Furthermore, Patent Literature 3 discloses a heat 
pump 202 as shown in FIG. 12A. This heat pump 202 is 
provided with a first radiator 12A and a second radiator 12B 
as radiators for allowing a refrigerant to release heat. A high 
pressure refrigerant that has released heat in the first radiator 
12A releases heat in the internal heat exchanger 18, and then 
is introduced into the second radiator 12B and further 
releases heat there. On the other hand, water flowing through 
a flow path 19 is heated in the second radiator 12B and then 
further heated in the first radiator 12A, as shown in FIG. 
12B. 

CITATION LIST 

Patent Literature 

0006 Patent Literature 1 JP 2008-039306 A 
0007 Patent Literature 2 JP 2006-300487. A 
0008 Patent Literature 3 JP 2002-162123 A 

SUMMARY OF INVENTION 

Technical Problem 

0009. In the heat pump heating system 100 shown in FIG. 
10, for example, during a long heating operation, in some 
cases, the temperature of water does not decrease so much 
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in the heater 17 and medium temperature water (for 
example, at about 40°C. to 60°C.) is supplied to the radiator 
12 of the heat pump 200. When such medium temperature 
water is supplied to the radiator 12, however, the heat 
exchange efficiency of the radiator 12 decreases, resulting in 
a decrease in the COP (Coefficient of Performance) of the 
heat pump 200. This problem also occurs when the heat 
pump 201 shown in FIG. 11 or the heat pump 202 shown in 
FIG. 12A is used as a heat pump for the heat pump heating 
system 100 shown in FIG. 10. 
0010. The present invention has been made in view of the 
above problem, and it is an object of the present invention 
to improve the COP of a heat pump in a heat pump heating 
system even if a medium temperature liquid is fed to the heat 
pump. 

Solution to Problem 

0011. In order to solve the above problem, the present 
invention provides a heat pump heating system including: a 
refrigerant circuit including a compressor for changing a low 
pressure refrigerant to a high pressure refrigerant, a radiator 
for allowing the high pressure refrigerant to release heat, an 
expansion member for changing the high pressure refriger 
ant to the low pressure refrigerant, and an evaporator for 
allowing the low pressure refrigerant to absorb heat; a 
circulation path for circulating a liquid through the radiator 
to produce a heated liquid; a heater for dissipating heat of the 
heated liquid; an internal heat exchanger, provided in the 
refrigerant circuit, for transferring heat from the high pres 
sure refrigerant that has released heat in the radiator to the 
low pressure refrigerant; and a liquid cooling heat exchanger 
for cooling the liquid flowing through the circulation path by 
means of the high pressure refrigerant flowing out of the 
internal heat exchanger, before the liquid flows into the 
radiator. 

Advantageous Effects of Invention 

0012. According to the heat pump heating system of the 
present invention configured as described above, a low 
temperature liquid can be introduced into the radiator even 
if the temperature of the liquid is medium when it is fed to 
the heat pump. Therefore, the COP of the heat pump can be 
improved. 

BRIEF DESCRIPTION OF DRAWINGS 

0013 FIG. 1 is a schematic configuration diagram of a 
heat pump heating system according to a first embodiment 
of the present invention. 
0014 FIG. 2 is a Mollier diagram of a heat pump used in 
the heat pump heating system shown in FIG. 1. 
0015 FIG. 3 is a schematic configuration diagram of a 
heat pump heating system according to a modification of the 
first embodiment of the present invention. 
0016 FIG. 4 is a schematic configuration diagram of a 
heat pump heating system according to a second embodi 
ment of the present invention. 
0017 FIG. 5 is a Mollier diagram of a heat pump used in 
the heat pump heating system shown in FIG. 4. 
0018 FIG. 6 is a schematic configuration diagram of a 
heat pump heating system according to a third embodiment 
of the present invention. 
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0019 FIG. 7 is a schematic configuration diagram of a 
heat pump heating system according to a fourth embodiment 
of the present invention. 
0020 FIG. 8 is a schematic configuration diagram of a 
heat pump heating system according to a fifth embodiment 
of the present invention. 
0021 FIG. 9 is a schematic configuration diagram of a 
heat pump heating system according to a sixth embodiment 
of the present invention. 
0022 FIG. 10 is a schematic configuration diagram of a 
conventional heat pump heating system. 
0023 FIG. 11 is a schematic configuration diagram of a 
conventional heat pump. 
0024 FIG. 12A is a schematic configuration diagram of 
another conventional heat pump, and FIG. 12 B is a graph 
showing the temperatures of a refrigerant and water passing 
through first and second radiators in the heat pump shown in 
FIG 12A. 

DESCRIPTION OF EMBODIMENTS 

0025 Hereinafter, embodiments of the present invention 
will be described with reference to the drawings. 

First Embodiment 

0026 FIG. 1 shows a heat pump heating system 1A 
according to the first embodiment of the present invention. 
This heat pump heating system 1A includes a heat pump 
20A having a refrigerant circuit 3 for circulating a refriger 
ant, a circulation path 5 for circulating a liquid, and a 
controller 6 for controlling the elements totally. 
0027. The circulation path 5 is designed to circulate the 
liquid through a radiator 22 described later to produce a 
heated liquid. In the present embodiment, a heater 4 for 
dissipating the heat of the heated liquid is incorporated in the 
circulation path 5, so that the liquid is circulated without 
stopping and the heated liquid thus produced releases heat 
directly in the heater 4. That is, the circulation path 5 also 
serves as a heating circuit. 
0028. In the present embodiment, water is used as the 
liquid serving as a heat carrier. The liquid of the present 
invention is not necessarily limited to this. Any liquid can be 
used as long as it can receive heat from the refrigerant 
circulating through the refrigerant circuit 3 and release heat 
into the atmosphere in the heater 4. As the liquid, for 
example, an antifreeze mixture of propylene glycol or the 
like and water can be used. The following description will be 
made on the assumption that the liquid is water and the 
heated liquid is hot water. 
0029. The refrigerant circuit 3 includes a compressor 21 
for changing a low pressure refrigerant to a high pressure 
refrigerant, a radiator 22 for allowing the high pressure 
refrigerant to release heat, an expansion valve 25A Serving 
as an expansion member for changing the high pressure 
refrigerant to the low pressure refrigerant, an evaporator 26 
for allowing the low pressure refrigerant to absorb heat, and 
first to fourth pipes 31 to 34 connecting these devices in this 
order. In the radiator 22, heat is exchanged between the 
water passing through the radiator 22 and the refrigerant, 
and thereby the water is heated. In the evaporator 26, heat is 
exchanged between the refrigerant and air blown by a fan 
26a, and thereby the refrigerant absorbs heat. In the present 
embodiment, the refrigerant circuit 3 is filled with carbon 
dioxide, which reaches a Supercritical state on the high 
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pressure side, as the refrigerant. An internal heat exchanger 
23A is provided in the refrigerant circuit 3 so as to bundle 
the second pipe 32 and the fourth pipe 34. A liquid cooling 
heat exchanger 24 is provided on the downstream side of the 
internal heat exchanger 23A in the second pipe 32. 
0030 The internal heat exchanger 23A is designed to 
exchange heat between the high pressure refrigerant flowing 
out of the radiator 22 and the low pressure refrigerant 
flowing out of the evaporator 26 so as to transfer heat from 
the high pressure refrigerant that has released heat in the 
radiator 22 to the low pressure refrigerant. The liquid 
cooling heat exchanger 24 is designed to cool the water 
flowing through the circulation path 5 by means of the high 
pressure refrigerant flowing out of the internal heat 
exchanger 23A, before the water flows into the radiator 22. 
0031. The heater 4 is designed to heat, for example, a 
room by heat dissipation from hot water. As the heater 4, for 
example, a heat dissipating device to be placed in a room 
may be used. A hot water panel to be laid on a floor also may 
be used. 
0032. The circulation path 5 includes a supply pipe 51 for 
introducing the water from the heater 4 to the liquid cooling 
heat exchanger 24, an intermediate pipe 52 for introducing 
the water from the liquid cooling heat exchanger 24 to the 
radiator 22, and a recovery pipe 53 for introducing the water 
in the form of hot water from the radiator 22 to the heater 4. 
In the present embodiment, the supply pipe 51 is provided 
with a pump 62. The supply pipe 51 is further provided with 
a temperature sensor 61 for detecting the temperature of the 
water flowing into the supply pipe 51 from the heater 4. 
0033. The intermediate pipe 52 and the downstream part 
of the pump 62 in the supply pipe 51 are connected by a 
bypass pipe 54. Specifically, the supply pipe 51 is provided 
with a three-way valve 63, and the upstream end of the 
bypass pipe 54 is joined to this three-way valve 63. The 
downstream end of the bypass pipe 54 is joined to the middle 
of the intermediate pipe 52. 
0034. The three-way valve 63 is designed to switch 
between a circulation of the water not through the bypass 
pipe 54, that is, a circulation of the water passing through 
both of the liquid cooling heat exchanger 24 and the radiator 
22, and a circulation of the water through the bypass pipe 54, 
that is, a circulation of the water passing only through the 
radiator 22. The three-way valve 63 corresponds to the 
switching member of the present invention. It should be 
noted that the switching member of the present invention is 
not necessarily be the three-way valve 63. For example, the 
switching member may be replaced by an on-off valve 
provided in the bypass pipe 54 and an on-off valve provided 
in the downstream of the point of the supply pipe 51 to 
which the bypass pipe 54 is joined. 
0035. The controller 6 is composed of a microcomputer, 
a DSP (digital signal processor), or the like, and is connected 
to the above-mentioned heat pump 20A, and the pump 62. 
the temperature sensor 61, and the three-way valve 63. 
0036) Next, the control performed by the controller 6 is 
described specifically. 
0037. When a user turns on a heating switch (not shown), 
for example, the controller 6 operates the heat pump 20A 
and rotates the pump 62. Thereby, the water is heated in the 
radiator 22 to produce hot water, and this hot water is fed to 
the heater 4 to perform heating. 
0038. During this heating operation, the controller 6 uses 
the temperature sensor 61 to monitor the temperature of the 



US 2017/O 184314 A1 

water flowing into the supply pipe 51. When the water 
temperature detected by the temperature sensor 61 is lower 
than a predetermined temperature (for example, 20° C.) 
(hereinafter referred to as a “low temperature condition'), 
the controller 6 controls the three-way valve 63 so that the 
water is circulated through the bypass pipe 54. Specifically, 
the controller 6 sets the three-way valve 63 so that the 
bypass pipe 54 is communicated with the upstream part 51a 
of the three-way valve 63 in the supply pipe 51. As a result, 
the first route passing only through the radiator 22 is 
selected. 
0039. In the low temperature condition, the refrigerant 
circulating through the refrigerant circuit 3 operates in the 
following manner. The refrigerant is compressed by the 
compressor 21 to a high temperature and high pressure state, 
and then the resulting refrigerant flows into the radiator 22, 
where it transfers heat to the water flowing through the 
circulation path 5. After flowing out of the radiator 22, the 
refrigerant flows into the internal heat exchanger 23A, where 
it further transfers heat to the refrigerant flowing out of the 
evaporator 26. After flowing out of the internal heat 
exchanger 23A, the refrigerant passes through the liquid 
cooling heat exchanger 24 while maintaining its state, and is 
decompressed by the expansion valve 25A to expand to a 
low temperature and low pressure state. The expanded 
refrigerant flows into the evaporator 26, where it absorbs 
heat from air. After flowing out of the evaporator 26, the 
refrigerant flows into the internal heat exchanger 23A, where 
it further absorbs heat from the refrigerant flowing out of the 
radiator 22. After flowing out of the internal heat exchanger 
23A, the refrigerant is drawn into the compressor 21 again 
and compressed there. 
0040. On the other hand, the water circulating through 
the circulation path 5 (first route) is heated in the radiator 22, 
and the resulting hot water flows into the heater 4 and 
releases heat to the atmosphere. After releasing heat in the 
heater 4, the water flows into the radiator 22 again and is 
heated to hot water. 
0041 Conversely, when the water temperature detected 
by the temperature sensor 61 is equal to or higher than the 
above predetermined temperature (hereinafter referred to as 
a “medium temperature condition'), the controller 6 controls 
the three-way valve 63 so that the water is circulated not 
through the bypass pipe 54. Specifically, the controller 6 sets 
the three-way valve 63 so that the upstream part 51a and the 
downstream part 51b of the three-way valve 63 in the supply 
pipe 51 are communicated with each other. As a result, the 
second route passing through both of the liquid cooling heat 
exchanger 24 and the radiator 22 is selected. 
0042. In the medium temperature condition, the water 
flowing into the liquid cooling heat exchanger 24 has a 
higher temperature than the refrigerant flowing into the 
liquid cooling heat exchanger 24. The refrigerant circulating 
in the refrigerant circuit 3 operates in the following manner. 
The refrigerant is compressed by the compressor 21 to a high 
temperature and high pressure state, and then the resulting 
refrigerant flows into the radiator 22, where it transfers heat 
to the water flowing through the circulation path 5. After 
flowing out of the radiator 22, the refrigerant flows into the 
internal heat exchanger 23A, where it further transfers heat 
to the refrigerant flowing out of the evaporator 26. After 
flowing out of the internal heat exchanger 23A, the refrig 
erant flows into the liquid cooling heat exchanger 24, where 
it exchanges heat with the water flowing through the circu 
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lation path 5. As a result, the refrigerant is heated almost to 
the temperature of the water flowing into the liquid cooling 
heat exchanger 24. After flowing out of the liquid cooling 
heat exchanger 24, the refrigerant is decompressed by the 
expansion valve 25A to expand to a low temperature and low 
pressure state. Then, it flows into the evaporator 26, where 
it absorbs heat from air. After flowing out of the evaporator 
26, the refrigerant flows into the internal heat exchanger 
23A, where it further absorbs heat from the refrigerant 
flowing out of the radiator 22. After flowing out of the 
internal heat exchanger 23A, the refrigerant is drawn into the 
compressor 21 again and compressed there. 
0043. On the other hand, the water circulating through 
the circulation path 5 (second route) is heated in the radiator 
22, and the resulting hot water flows into the heater 4 and 
releases heat to the atmosphere and becomes medium tem 
perature water. After flowing out of the heater 4, the medium 
temperature water flows into the liquid cooling heat 
exchanger 24, where it exchanges heat with the refrigerant 
flowing out of the internal heat exchanger 23A. As a result, 
the water is cooled to a low temperature state. The low 
temperature water flows into the radiator 22 again, and is 
heated to hot water. 

0044 FIG. 2 shows a Mollier diagram of the heat pump 
20A used in the present embodiment, under the medium 
temperature condition. In this diagram, a broken line shows 
a Mollier diagram of the heat pump 201 without the liquid 
cooling heat exchanger, as shown in FIG. 11. Points A to F 
in FIG. 2 represent the states at “x” marks A to F in FIG. 1. 
0045. In the heat pump 201 without the liquid cooling 
heat exchanger, shown in FIG. 11, as the refrigerant passes 
through the radiator, the temperature of the refrigerant falls 
from a high temperature Ta' (Point B') resulting from the 
compressor to a temperature T' (Point C) that is about a 
temperature Tw1 of the medium temperature water returning 
from the heater. After passing through the radiator, the 
refrigerant further lowers its temperature in the internal heat 
exchanger and then is decompressed by the expansion valve. 
The enthalpy of the decompressed refrigerant increases from 
H2' (Point F") to H1' (Point G') as the refrigerant passes 
through the evaporator, and further increases as it passes 
through the internal heat exchanger. 
0046. On the other hand, in the heat pump 20A used in the 
present embodiment, since the water to flow into the radiator 
22 is cooled in the liquid cooling heat exchanger 24, the 
temperature of the water is Tw2 (<Tw1). Accordingly, the 
temperature of the refrigerant at the outlet of the radiator 22 
is T. (Point C), which is lower than that in the conventional 
heat pump 201. After passing through the radiator 22, the 
refrigerant lowers its temperature to T. (Point D) in the 
internal heat exchanger 23A, and then is warmed to T. 
(Point E) by the liquid cooling heat exchanger 24. Then, the 
refrigerant is decompressed by the expansion valve 3. As 
shown in this diagram, the enthalpy H2 (Point F) of the 
decompressed refrigerant is higher than that H2" in the 
conventional heat pump 201 (H2-H2) because the refrig 
erant is decompressed after it is heated by the liquid cooling 
heat exchanger 24. Therefore, the enthalpy increment 
(AH=H1-H2) in the evaporator 4 is smaller than that 
(AH'-H1'-H2') in the conventional heat pump 201. 
0047. As described above, in the heat pump heating 
system 1A of the present embodiment, low temperature 
water can be introduced into the radiator 22 even if the 
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temperature of the water is medium when it is fed to the heat 
pump 20A. Therefore, the COP of the heat pump 20A can be 
improved. 
0048. Furthermore, according to the present embodiment, 
the temperature of the refrigerant at the outlet of the radiator 
22 can be reduced to a lower level than that in the conven 
tional heat pump 201. Therefore, the optimum high pressure 
(high pressure at which the COP of the heat pump is highest) 
for the temperature of the refrigerant at the outlet of the 
radiator 22 can be lowered. Accordingly, the differential 
pressure between the high pressure and the low pressure of 
the refrigeration cycle can be reduced, and thus the differ 
ential pressure force applied to the compression part of the 
compressor 21 can be lessened. As a result, the leakage loss 
of the refrigerant and the friction loss are reduced, and thus 
the efficiency of the compressor 21 can be improved. In 
addition, since the high pressure of the refrigeration cycle 
can be lowered, the reliability of the refrigerant circuit 3 also 
can be improved. Moreover, the pressure resistance strength 
required for the constituent components can be reduced, and 
therefore the heating system can be manufactured at lower 
COSt. 

0049 Furthermore, since the discharge pressure of the 
compressor 21 decreases, the temperature of the refrigerant 
discharged from the compressor 21 can be lowered. There 
fore, the deterioration of the components caused by the 
discharged high temperature refrigerant can be reduced, and 
the reliability of the elements can be improved. Particularly 
in the case where the outside temperature drops significantly 
(to about -5°C. to -15°C.), the problem of an increase in 
the temperature of the refrigerant discharged from the com 
pressor can be addressed effectively. 
0050. Furthermore, since the enthalpy increment in the 
evaporator 26 is Smaller, the low pressure is higher than that 
of the conventional heat pump 201. Therefore, the differen 
tial pressure between the high pressure and the low pressure 
of the refrigeration cycle can further be reduced, and thus the 
differential pressure force applied to the compression part of 
the compressor 21 can further be lessened. Moreover, since 
the pressure inside the evaporator 26 increases, the average 
temperature of the evaporator 26 rises. As a result, when 
frost forms, the load of defrosting operation can be reduced, 
and thus the energy consumed by the heat pump 20A can be 
reduced and the efficiency of the elements can be improved. 
0051. The heat pump 202 disclosed in Patent Literature 3 
and shown in FIG. 12A apparently seems to have a con 
figuration similar to that of the heat pump 20A of the present 
embodiment. In the heat pump 202 of Patent Literature 3, 
however, the first radiator 12A and the second radiator 12B 
are disposed with the internal heat exchanger 18 being 
interposed therebetween, and the temperature of the refrig 
erant only continues to fall and the temperature of the water 
only continues to rise, as shown in FIG. 12B, which is 
distinctly different from the action of the heat pump 20A of 
the present embodiment. Furthermore, Patent Literature 3 
not only fails to describe the circulation of water but also 
fails to describe that the water in the form of medium 
temperature water is returned to the heat pump. 
0052. In the present embodiment, the bypass pipe 54 and 
the three-way valve 63 serving as a switching member are 
provided to select the circulation of the water through either 
the first route or the second route. However, these members 
may be omitted so that the water always passes through both 
of the liquid cooling heat exchanger 24 and the radiator 22. 
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However, it is preferable to provide the bypass pipe 54 and 
the switching member in the circulation path 5, as in the 
present embodiment, for the following reasons: the water 
can be prevented from being heated in the liquid cooling 
heat exchanger 24 by passing through the second route when 
the water temperature detected by the temperature sensor 61 
is lower than a predetermined temperature; and the effi 
ciency of the refrigeration cycle can be kept high by Switch 
ing the first route and the second route so that the tempera 
ture of the water flowing into the radiator 22 is lowered as 
much as possible. 
0053. The liquid cooling heat exchanger 24 and the 
radiator 22 used in the present embodiment are both heat 
exchangers for exchanging heat between water and a refrig 
erant. Therefore, these devices 24 and 22 can also be 
manufactured integrally as a single water-refrigerant heat 
exchanger. In this case, the refrigerant flow path and the 
water flow path included in the water-refrigerant heat 
exchanger each can be divided into two. With this structure, 
a compact heat exchanger can be designed. Therefore, not 
only the unit (for example, a heat pump unit) in the heating 
system can be downsized but also the manufacturing cost 
can be reduced. 
0054 <Modification> 
0055. In the embodiment described above, hot water 
heated in the refrigerant circuit 3 releases heat to the 
atmosphere in the heater 4. The heater 4 also may be used 
as a heating source for hot water Supply or Snow melting. 
Needless to say, the same advantageous effects as above are 
obtained in these applications. 
0056. In the embodiment described above, carbon diox 
ide is used as the refrigerant. Any refrigerant can be used in 
the present invention as long as it has the property of 
decreasing the optimum high pressure as its temperature at 
the outlet of the radiator 22 decreases. Furthermore, since 
the difference between the temperature of the refrigerant at 
the inlet of the radiator 22 and that at the outlet of the 
radiator 22 increases as the temperature of the refrigerant at 
the outlet of the radiator 22 decreases, the heat exchange 
efficiency of the radiator 22 is improved, and as a result, the 
high pressure drops. Therefore, needless to say, the same 
advantageous effects as above are obtained even if the 
refrigerant, like a fluorocarbon refrigerant, does not reach a 
Supercritical state on the high pressure side during the 
normal operation. 
0057. Furthermore, in the embodiment described above, 
the internal heat exchanger 23A is used to exchange heat 
between the high pressure refrigerant flowing out of the 
radiator 22 and the low pressure refrigerant flowing out of 
the evaporator 26. Instead, an internal heat exchanger 23B 
may be used to exchange heat between the high pressure 
refrigerant flowing out of the radiator 22 and the low 
pressure refrigerant before flowing into the evaporator 26, as 
shown in FIG. 3. 
0.058 Alternatively, the compressor 21 may include a 
main compressor and an auxiliary compressor connected in 
parallel thereto. 
0059. It should be noted that the above modification can 
also be applied to the embodiments below. 

Second Embodiment 

0060 FIG. 4 shows a heat pump heating system 1B 
according to the second embodiment of the present inven 
tion. As shown in FIG. 4, the heat pump heating system 1B 
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of the second embodiment has the almost same configura 
tion as the heat pump heating system 1A of the first 
embodiment. Therefore, the same reference numerals are 
assigned to the components having the same functions, and 
no further description of the same configuration and opera 
tion is given. The same description is not repeated also in the 
third to fifth embodiments described below. 

0061 The only difference between the heat pump heating 
system 1B of the present embodiment and the heat pump 
heating system 1A of the first embodiment is that in the 
former system 1B, an expander 25B for recovering power 
from an expanding refrigerant is used as the expansion 
member. The same advantageous effects can be obtained in 
the present embodiment as in the first embodiment. 
0062 FIG. 5 shows a Mollier diagram of a heat pump 
20B used in the present embodiment, under the medium 
temperature condition. In this diagram, a broken line shows 
a Mollier diagram of a heat pump without a liquid cooling 
heat exchanger. 
0063. In the heat pump without the liquid cooling heat 
exchanger, the enthalpy of the refrigerant at the inlet of the 
expander is H3", and the enthalpy of the refrigerant at the 
outlet of the expander, where the refrigerant has undergone 
adiabatic expansion changes (isentropic changes) from D' to 
F", is H2. On the other hand, in the heat pump 20B used in 
the present embodiment, after passing through the radiator 
22, the refrigerant lowers its temperature in the internal heat 
exchanger 23A, then is warmed to Point E in the liquid 
cooling heat exchanger 24, and drawn into the expander 
25B. At this time, the enthalpy of the refrigerant at the inlet 
of the expander 25B is H3, and the enthalpy of the refrig 
erant at the outlet of the expander 25B, where the refrigerant 
has undergone adiabatic expansion changes from D to F, is 
H2. 

0064 Generally, the enthalpy change (AH) during the 
adiabatic expansion changes increases as the enthalpy of a 
refrigerant drawn into an expander increases. The energy of 
power that can be recovered by the expander is proportional 
to this enthalpy change. Therefore, the energy of power that 
can be recovered by the expander increases as the enthalpy 
of the refrigerant drawn into the expander increases. There 
fore, the expansion energy that can be recovered by the 
expander 25A used in the present embodiment is much 
greater than the expansion energy that can be recovered by 
the expander in the heat pump without the liquid cooling 
heat exchanger. As a result, by using the recovered expan 
sion energy as, for example, a part of the power input to the 
compressor 21, the COP of the heat pump 20B can be 
improved dramatically. 
0065. Furthermore, since the optimum high pressure can 
be lowered in the refrigerant circuit 3 of the present embodi 
ment, the difference between the high pressure and the low 
pressure that acts on the expander 25B can be reduced. 
Therefore, the leakage loss of the refrigerant and the friction 
loss are reduced, and thus the efficiency of the expander 25B 
can be improved. As a result, more expansion energy can be 
obtained. 

Third Embodiment 

0066 FIG. 6 shows a heat pump heating system 1C 
according to the third embodiment of the present invention. 
The heat pump heating system 1C of the present embodi 
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ment is different from the heat pump heating system 1A of 
the first embodiment in that an ejector 25C is used as the 
expansion member. 
0067 Specifically, the ejector 25C is connected to the 
radiator 22 by the second pipe 32 and to the evaporator 26 
by the third pipe 33. A gas-liquid separator 27 is provided in 
the middle of the third pipe 33. Furthermore, the evaporator 
26 is connected to the ejector 25C by a divided fourth pipe 
34A, and the gas phase portion of the gas-liquid separator 27 
is connected to the compressor 21 by a divided fourth pipe 
34B. In the present embodiment, the internal heat exchanger 
23A is provided so as to bundle the second pipe 32 and the 
divided fourth pipe 34B. 
0068. In the present embodiment, the refrigerant that has 
passed through the internal heat exchanger 23A and the 
liquid cooling heat exchanger 24 flows into the ejector 25C 
and expands there. The refrigerant flowing out of the ejector 
25C is separated into a gas refrigerant and a liquid refrig 
erant. The liquid refrigerant is fed to the evaporator 26 and 
evaporated there, and then flows into the ejector 25C again. 
On the other hand, the gas refrigerant separated by the 
gas-liquid separator 27 flows into the internal heat 
exchanger 23A and is heated there by the refrigerant that has 
released heat in the radiator 22. The other operations and 
actions of the refrigerant and water are the same as those in 
the first embodiment. 
0069. The same advantageous effects can be obtained in 
the present embodiment as in the first embodiment. Further 
more, according to the present embodiment, the expansion 
energy can be increased, as in the second embodiment. 
Therefore, the flow velocity of the refrigerant in the ejector 
25C can be increased, and thus the pressure of the refrigerant 
drawn into the compressor 21 can further be increased. 
Accordingly, the compression power required for the com 
pressor 21 can be reduced, and thus the COP of the heat 
pump 20O can be improved. 

Fourth Embodiment 

0070 FIG. 7 shows a heat pump heating system 1D 
according to the fourth embodiment of the present invention. 
The heat pump heating system 1D of the present embodi 
ment is different from the heat pump heating system 1A of 
the first embodiment in that the circulation path 5 is provided 
with a hot water storage tank 50 instead of the heater 4. 
0071. The hot water storage tank 50 is a vertically 
extending cylindrical closed casing and is filled with water. 
The lower portion of the hot water storage tank 50 is 
connected to the liquid cooling heat exchanger 24 by the 
Supply pipe 51, and the upper portion thereof is connected 
to the radiator 22 by the recovery pipe 53. When the pump 
62 is rotated, the water is introduced from the lower portion 
of the hot water storage tank 50 to the liquid cooling heat 
exchanger 24 through the Supply pipe 31, and the water in 
the form of hot water is introduced from the radiator 22 to 
the upper portion of the hot water storage tank 50 through 
the recovery pipe 53. Thereby, the hot water is stored in the 
hot water storage tank 50 from the top. Furthermore, in the 
present embodiment, the temperature of the water flowing 
into the supply pipe 51 from the hot water storage tank 51 
is detected by the temperature sensor 61 provided in the 
supply pipe 51. 
0072. On the other hand, the heater 4 is connected to the 
upper portion of the hot water storage tank 50 by a feed pipe 
81, and to the lower portion of the hot water storage tank 50 
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by a return pipe 82. In the present embodiment, a heating 
pump 65 is provided in the return pipe 82, but the heating 
pump 65 may be provided in the feed pipe 81. The heating 
pump 65 is connected to the controller 6. When the heating 
pump 65 is rotated, the hot water stored in the hot water 
storage tank 50 is fed to the heater 4 through the feed pipe 
81, and the hot water that has released heat in the heater 4 
is returned to the hot water storage tank 50. That is, the hot 
water storage tank 50, the feed pipe 81, the heater 4, and the 
return pipe 82 constitute a heating circuit 8. 
0073. Next, the control performed by the controller 6 is 
described specifically. 
0074) <Hot Water Storage Operation> 
0075. When the controller 6 determines, with a sensor 
(not shown) provided in the hot water storage tank 50, that 
the amount of hot water left in the hot water storage tank 50 
is insufficient, it operates the heat pump 20A and rotates the 
pump 62. Thereby, the water is heated in the radiator 22 to 
produce hot water, and this hot water is fed to the hot water 
storage tank 50 for the storage of hot water. 
0076. During this hot water storage operation, the con 

troller 6 uses the temperature sensor 61 to monitor the 
temperature of the water flowing into the supply pipe 51. 
When the water temperature detected by the temperature 
sensor 61 is lower than a predetermined temperature (low 
temperature condition), the controller 6 controls the three 
way valve 63 so that the water is circulated through the 
bypass pipe 54. Specifically, the controller 6 sets the three 
way valve 63 so that the bypass pipe 54 is communicated 
with the upstream part 51a of the three-way valve 63 in the 
Supply pipe 51. As a result, the first route passing only 
through the radiator 22 is selected. 
0077. In the low temperature condition, the refrigerant 
circulating through the refrigerant circuit 3 operates in the 
same manner as in the first embodiment. On the other hand, 
the water circulating through the circulation path 5 (first 
route) is heated in the radiator 22, and the resulting hot water 
is stored in the hot water storage tank 50. The water is taken 
from the lower portion of the hot water storage tank 50, and 
then flows into the radiator 22 again, where it is heated to hot 
Water. 

0078 Conversely, when the water temperature detected 
by the temperature sensor 61 is equal to or higher than the 
above predetermined temperature (medium temperature 
condition), the controller 6 controls the three-way valve 63 
so that the water is circulated not through the bypass pipe 54. 
Specifically, the controller 6 sets the three-way valve 63 so 
that the upstream part 51a and the downstream part 51b of 
the three-way valve 63 in the supply pipe 51 are commu 
nicated with each other. As a result, the second route passing 
through both of the liquid cooling heat exchanger 24 and the 
radiator 22 is selected. 
0079. In the medium temperature condition, the water 
flowing into the liquid cooling heat exchanger 24 has a 
higher temperature than the refrigerant flowing into the 
liquid cooling heat exchanger 24. The refrigerant circulating 
through the refrigerant circuit 3 operates in the same manner 
as in the first embodiment. On the other hand, the water 
circulating through the circulation path 5 (second route) is 
heated in the radiator 22, and the resulting hot water is stored 
in the hot water storage tank 50. Medium temperature water 
that has not released sufficient heat in the heater 4 is stored 
in the lower portion of the hot water storage tank 50. The 
medium temperature water is taken from the lower portion 
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of the hot water storage tank 50, and flows into the liquid 
cooling heat exchanger 24, where it exchanges heat with the 
refrigerant flowing out of the internal heat exchanger 23A. 
As a result, the water is cooled to a low temperature state. 
The low temperature water flows into the radiator 22 again 
and is heated to hot water. 
0080 <Heating Operation> 
I0081. When a user turns on a heating switch (not shown), 
for example, the controller 6 rotates the heating pump 65. 
Thereby, the hot water stored in the hot water storage tank 
50 is fed to the heater 4 for performing heating. 
I0082. The same advantageous effects can be obtained in 
the present embodiment as in the first embodiment. In the 
present embodiment, the heated hot water can be stored once 
in the hot water storage tank 50. Therefore, for example, in 
the case where heating is interrupted and then resumed, the 
hot water stored in the hot water storage tank 50 can be fed 
to the heater 4 before the water that has cooled down during 
the interruption of the heating operation is reheated in the 
heat pump 20A, and thereby the heating operation can be 
resumed quickly. 
I0083. Furthermore, according to the present embodiment, 
high temperature hot water can be produced at low electric 
ity prices during night hours and this hot water can be stored 
in the hot water storage tank 50. Therefore, the running cost 
of the heating operation can be reduced. 
0084 <Modification> 
I0085. A water inlet pipe 91 (see FIG. 8) for supplying tap 
water to the hot water storage tank 50 may be provided in the 
hot water storage tank 50. With this structure, the tempera 
ture of hot water flowing into the heater 4 can be controlled 
freely by mixing tap water and hot water flowing into the 
heater 4 or exchanging heat between them. Furthermore, 
since tap water can be used to control the temperature of 
water flowing into the heater 4, the optimum temperature 
water is allowed to flow into the heater 4 even if the 
temperature of hot water stored in the hot water storage tank 
50 is higher than that of hot water to be used in the heater 
4. As a result, the amount of heat stored in the hot water 
storage tank 50 can be increased. Therefore, even if the 
operation of the heat pump 20A is stopped for a long time, 
heating operation can be continued in the heating circuit 8. 
Alternatively, a mixing valve 91 may be provided in the feed 
pipe 81 to connect the water inlet pipe 91 to this mixing 
valve. 
I0086 A hot water outlet pipe 92 (see FIG. 8) for with 
drawing hot water from the hot water storage tank 50 also 
may be provided in the hot water storage tank 50. 
I0087. With this structure, hot water also can be supplied 
during heating operation. 
I0088 Needless to say, the heat pump 20B shown in FIG. 
4 using the expander 25B as the expansion member or the 
heat pump 20O shown in FIG. 6 using the ejector 25C as the 
expansion member can be used in the embodiment described 
above. 

Fifth Embodiment 

I0089 FIG. 8 shows a heat pump heating system 1E 
according to the fifth embodiment of the present invention. 
The heat pump heating system 1E of the present embodi 
ment is different from the heat pump heating system 1D of 
the fourth embodiment in that an in-tank heat exchanger 83 
is disposed in the hot water storage tank 50. Furthermore, the 
water inlet pipe 91 is connected to the lower portion of the 
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hot water storage tank 50, and the hot water outlet pipe 92 
is connected to the upper portion of the hot water storage 
tank 50. 
0090 The in-tank heat exchanger 83 is designed to heat 
a heat carrier that is a second liquid by means of the hot 
water stored in the hot water storage tank 50. The in-tank 
heat exchanger 83 is connected to the heater 4 by the feed 
pipe 81 and the return pipe 82. When the heating pump 65 
is rotated, the heat carrier that has been heated in the in-tank 
heat exchanger 83 is fed to the heater 4 through the feed pipe 
81, and the heat carrier that has released heat in the heater 
4 is returned to the in-tank heat exchanger 83 through the 
return pipe 82. As the heat carrier, for example, an antifreeze 
liquid can be used, but water preferably is used because it is 
available at low cost and in large quantities. 
0091 Since the controller 6 performs control in the same 
manner as in the fourth embodiment, the description thereof 
is not repeated here. It should be noted, however, that during 
the heating operation, the heat carrier that has exchanged 
heat with the hot water stored in the hot water storage tank 
50 releases heat in the heater 4, that is, the heat of the hot 
water is dissipated through the heat carrier in the heater 4, 
and thereby heating is performed. 
0092. The same advantageous effects can be obtained in 
the present embodiment as in the fourth embodiment. 

Sixth Embodiment 

0093 FIG. 9 shows a heat pump heating system 1F 
according to the sixth embodiment of the present invention. 
The heat pump heating system 1F of the present embodi 
ment includes a structure for hot water Supply in addition to 
the heat pump heating system 1D of the fourth embodiment. 
Specifically, a hot water supply heat exchanger 93 is dis 
posed in the hot water storage tank 50, and the water inlet 
pipe 91 and the hot water outlet pipe 92 are connected to this 
hot water supply heat exchanger 93. That is, in the present 
embodiment, tap water flowing from the water inlet pipe 91 
to the hot water outlet pipe 92 is heated by means of hot 
water in the hot water storage tank 50 so as to produce hot 
Water. 

INDUSTRIAL APPLICABILITY 

0094. The heat pump heating system of the present 
invention is useful as a means for improving the COP of a 
heat pump through the use of medium temperature water 
produced in a heater. 

1-12. (canceled) 
13. A method of controlling a heat pump heating system, 

comprising: 
circulating a refrigerant in a refrigerant circuit, the refrig 

erant circuit including a compressor, a radiator, a liquid 
cooling heat exchanger, an expansion member, an 
evaporator and an internal heat exchanger; 

circulating a liquid in a circulation path, the circulation 
path including a heater, a Supply pipe that introduces a 
liquid from the heater to the liquid cooling heat 
exchanger, an intermediate pipe that introduces the 
liquid from the liquid cooling heat exchanger to the 
radiator, and a recovery pipe that introduces the liquid 
heated by the radiator to the heater; 

expanding a high pressure refrigerant to a low pressure 
refrigerant at the expansion member; 
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causing the low pressure refrigerant to absorb heat at the 
evaporator; 

transferring heat from a high pressure refrigerant that has 
released heat at the radiator to the lower pressure 
refrigerant at the internal heat exchanger of the refrig 
erant circuit; 

compressing the low pressure refrigerant into the high 
pressure refrigerant with the compressor; 

transferring heat from the liquid in the circulation path to 
the high pressure refrigerant in the refrigerant circuit at 
the liquid cooling heat exchanger, 

transferring heat from the high pressure refrigerant in the 
refrigerant circuit to the liquid in the circulation path at 
the radiator, and producing a heated liquid in the 
circulation path; and 

dissipating heat from the heated liquid in the circulation 
path at the heater downstream of the radiator. 

14. The method according to claim 13, further compris 
ing: inhibiting heat exchange between the heated liquid and 
the high pressure refrigerant at the liquid cooling heat 
exchanger when the heated liquid flowing in the Supply pipe 
has a temperature equal to or lower than the temperature of 
the high pressure refrigerant flowing into the liquid cooling 
heat exchanger. 

15. The method according to claim 13, wherein the 
internal heat exchanger is configured to exchange heat 
between the high pressure refrigerant flowing out of the 
radiator and the low pressure refrigerant flowing out of the 
evaporator. 

16. The method according to claim 13, wherein the 
internal heat exchanger is configured to exchange heat 
between the high pressure refrigerant flowing out of the 
radiator and the low pressure refrigerant before flowing into 
the evaporator. 

17. The method according to claim 13, wherein 
the circulation path further includes a bypass pipe con 

necting the Supply pipe and the intermediate pipe, and 
a Switching member for Switching between a circula 
tion of the liquid not through the bypass pipe and a 
circulation of the liquid through the bypass pipe; 

the method further comprising: 
preventing the heated liquid from circulating through the 

bypass pipe by the Switching member, and thereby 
performing heat exchange between the heated liquid 
and the high pressure refrigerant at the liquid cooling 
heat exchanger, when the heated liquid flowing in the 
Supply pipe has a temperature higher than the tempera 
ture of the high pressure refrigerant flowing into the 
liquid cooling heat exchanger, or 

directing the heated liquid through the bypass pipe by the 
Switching member, and thereby inhibiting heat 
exchange between the heated liquid and the high pres 
Sure refrigerant at the liquid cooling heat exchanger, 
when the heated liquid flowing in the Supply pipe has 
a temperature equal to or lower than the temperature of 
the high pressure refrigerant flowing into the liquid 
cooling heat exchanger. 

18. The method according to claim 13, wherein the supply 
pipe includes a temperature sensor that detects the tempera 
ture of the liquid flowing into the Supply pipe. 

19. The method according to claim 13, wherein the 
refrigerant is carbon dioxide. 
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