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Description
[Technical Field]

[0001] The present invention relates to a heating me-
dium circulation system.

[Background Art]

[0002] A heat storage hot-water supply and air condi-
tioning device disclosed in PTL 1 shown below includes
a heat storage tank that stores a heating medium that is
heated or cooled by a heat pump device, and an air con-
ditioning heat exchanger. The heat storage hot-water
supply and air conditioning device is capable of circulat-
ing the heating medium from the heat pump device or
the heat storage tank to the air conditioning heat ex-
changer.

[Citation List]
[Patent Literature]

[0003] [PTL 1] Japanese Patent No. 5253582

[Summary of Invention]
[Technical Problem]

[0004] The conventional system described above
switches between an operation in which the heating me-
dium is supplied from the heat pump device to the air
conditioning heat exchanger and an operation in which
the heating medium is supplied from the heat storage
tank to the air conditioning heat exchanger using two
three-way valves (a heat storage switching valve (19)
and a heat discharge switching valve (20)). Consequent-
ly, a problem arises in that a device configuration is com-
plicated.

[0005] The present invention has been made in order
to solve the above problem, and an object thereof is to
provide a heating medium circulation system capable of
enabling, using a simple device configuration, an oper-
ation in which a heating medium is caused to flow into a
supply channel leading to a heat demand section from a
heat storage tank, and an operation in which the heating
medium heated by heating means is caused to flow into
the supply channel without passing through the heat stor-
age tank.

[Solution to Problem]

[0006] A heating medium circulation system according
to the present invention includes: heating means config-
ured to heat a heating medium; a heat storage tank con-
figured to store the heating medium heated by the heating
means; a supply channel through which the heating me-
dium supplied to a heat demand section flows; a first flow

10

15

20

25

30

35

40

45

50

55

channel through which the heating medium flowing out
from the heating means is caused to flow into the supply
channel without passing through the heat storage tank;
asecond flow channel through which the heating medium
flowing out from the heating means is caused to flow into
the heat storage tank; flow channel switching means con-
figured to switch between the first flow channel and the
second flow channel; a third flow channel through which
the heating medium flowing out from the heat storage
tank is caused to flow into the supply channel; and a
check valve disposed in the third flow channel.

[Advantageous Effects of Invention]

[0007] According to the heating medium circulation
system of the present invention, it becomes possible to
enable, using the simple device configuration, the oper-
ation in which the heating medium is caused to flow into
the supply channel leading to the heat demand section
from the heat storage tank, and the operation in which
the heating medium heated by the heating means is
caused to flow into the supply channel without passing
through the heat storage tank.

[Brief Description of Drawings]
[0008]

Fig. 1is aview showing a heating medium circulation
system according to Embodiment 1.

Fig. 2 is a view showing an example of a circulation
path of a heating medium in a first circulation oper-
ation of the heating medium circulation system
shown in Fig. 1.

Fig. 3 is a view showing an example of a circulation
path of the heating medium in a second circulation
operation of the heating medium circulation system
shown in Fig. 1.

[Description of Embodiment]

[0009] Hereinbelow, an embodiment will be described
with reference to the drawings. Common or correspond-
ing elements in the drawings are designated by the same
reference numerals, and the duplicate description there-
of will be simplified or omitted.

Embodiment 1.

[0010] Fig. 1is a view showing a heating medium cir-
culation system 35 according to Embodiment 1. As
shown in Fig. 1, the heating medium circulation system
35 includes a heat pump device 7 and a tank unit 33. The
heat pump device 7 is an example of heating means that
heats a heating medium. A heat storage tank 8 is installed
inside the casing of the tank unit 33. The heat storage
tank 8 stores the heating medium heated by the heat
pump device 7. The heating medium in the present in-
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vention may be water. The heating medium in the present
invention may also be a fluid heating medium other than
water such as, e.g., a calcium chloride aqueous solution,
an ethylene glycol aqueous solution, or alcohol. In the
heat storage tank 8, a thermal stratification in which the
upper side has a high temperature and the lower side
has a low temperature can be formed due to a difference
in the density of the heating medium caused by a differ-
ence in temperature.

[0011] The heat pump device 7 and the tank unit 33
are connected to each other via a fourth flow channel 14,
a fifth flow channel 15a, and electrical wiring (the depic-
tion thereof is omitted). The tank unit 33 may be installed
outdoors or may also be installed indoors. The heat pump
device 7 may be installed outdoors. The heating medium
circulation system 35 of the present embodiment has a
configuration in which the heat pump device 7 and the
tank unit 33 are separated from each other. Instead of
this configuration, the tank unit 33 may be integrated with
the heat pump device 7.

[0012] The heat pump device 7 includes a refrigerant
circuit in which a compressor 1, a first heat exchanger 3,
adecompression device 4, and a second heat exchanger
6 are annularly connected by refrigerant piping 5. A re-
frigerant sealed in the refrigerant circuit may be, e.g.,
CO,. The heat pump device 7 performs an operation of
a heat pump cycle using the refrigerant circuit. In the first
heat exchanger 3, heat is exchanged between a refrig-
erant having high temperature and high pressure com-
pressed by the compressor 1 and the heating medium
flowing in from the fourth flow channel 14. The decom-
pression device 4 expands the high-pressure refrigerant
having passed through the first heat exchanger 3 to turn
the high-pressure refrigerant into a low-pressure refrig-
erant. The decompression device 4 may be an expansion
valve.

The second heat exchanger 6 causes heat to be ex-
changed between the low-pressure refrigerant and a flu-
id. The fluid may be any of, e.g., outside air, groundwater,
wastewater, and solar-heated water. The heat pump de-
vice 7 may include a blower or a pump (the depiction
thereof is omitted) for sending the fluid to the second heat
exchanger 6. The heat pump device 7 in the present em-
bodiment includes an outside air temperature sensor 2
that detects outside air temperature.

[0013] The heating means in the present invention is
not limited to the heat pump device 7. The heating means
may also be a combustion heater that performs heating
by using heat of combustion of fuel such as gas, kero-
sene, heavy olil, or coal. The heating means may also be
a device that heats the heating medium using solar heat.
[0014] A control device 36 is provided inside the tank
unit 33. Valves, pumps, actuators such as the compres-
sor 1 and the like, and sensors of the tank unit 33 and
the heat pump device 7 are electrically connected to the
control device 36. The control device 36 controls various
operations described later.

[0015] A terminal device 37 has the function of receiv-
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ing operations of a user related to change of operation
commands and set values. The terminal device 37 is an
example of an operation terminal or a user interface. The
control device 36 and the terminal device 37 are con-
nected to each other so as to be capable of bidirectional
data communication by using wired or wireless commu-
nication. The terminal device 37 is equipped with a dis-
play section that displays information on the state of the
heating medium circulation system 35 or the like, an op-
eration section operated by the user such as a switch or
the like, a speaker, and a microphone, though the depic-
tion thereof is omitted. The terminal device 37 may be
installed indoors. The heating medium circulation system
35 may include a plurality of the terminal devices 37 that
are installed at different places.

[0016] The tank unit 33 further includes various com-
ponents and piping described below in addition to the
heat storage tank 8 and the control device 36. A plurality
of tank temperature sensors 42 and 43 are mounted to
the surface of the heat storage tank 8 at positions having
different heights. The control device 36 can calculate the
amount of stored heat and the amount of a high-temper-
ature heating medium in the heat storage tank 8 by de-
tecting the distribution of the temperature of the heating
medium in the heat storage tank 8 using the tank tem-
perature sensors 42 and 43. Two tank temperature sen-
sors 42 and 43 are mounted in the configuration shown
in the drawing, but three or more tank temperature sen-
sors may be mounted to the heat storage tank 8.
[0017] The control device 36 may control startand stop
timings of a heat accumulating operation based on the
amount of stored heat in the heat storage tank 8. The
heat accumulating operation is the operation in which the
heating medium heated by the heat pump device 7 is
caused to flow into the heat storage tank 8.

[0018] The heat storage tank 8 includes a first outlet
8a, an inlet 8b, a second outlet 8c, a third outlet 8d, a
first return port 8e, and a second return port 8f. The first
outlet 8a, the first return port 8e, and the second return
port 8f are positioned in the lower portion of the heat
storage tank 8. The inlet 8b, the second outlet 8c, and
the third outlet 8d are positioned in the upper portion of
the heat storage tank 8.

[0019] The fourth flow channel 14 has a first end con-
nected to the first outlet 8a of the heat storage tank 8,
and a second end connected to the inlet of the heating
medium of the first heat exchanger 3 of the heat pump
device 7. Afirstcirculation pump 12 capable of circulating
the heating medium to the heat pump device 7 is con-
nected to some midpoint of the fourth flow channel 14.
In the configuration shown in the drawing, the first circu-
lation pump 12 is disposed inside the tank unit 33. Instead
of this configuration, the first circulation pump 12 may be
disposed inside the heat pump device 7. A temperature
sensor 41 that detects a heat pump inlet temperature
serving as the temperature of the heating medium flowing
into the heat pump device 7 is mounted to the fourth flow
channel 14.
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[0020] A three-way valve 18 includes an inlet 181, a
first outlet 182, and a second outlet 183. The three-way
valve 18 can switch the flow channel between a state in
which the inlet 181 is caused to communicate with the
first outlet 182 and the second outlet 183 is closed and
a state in which the inlet 181 is caused to communicate
with the second outlet 183 and the first outlet 182 is
closed. The three-way valve 18 is an example of flow
channel switching means.

[0021] The fifth flow channel 15a has a first end con-
nected to the outlet of the heating medium of the first
heat exchanger 3 of the heat pump device 7, and a sec-
ond end connected to the inlet 181 of the three-way valve
18. A temperature sensor 40 that detects a heat pump
outlet temperature serving as the temperature of the
heating medium flowing out from the heat pump device
7 is mounted to the fifth flow channel 15a. A second flow
channel 15b has a first end connected to the second out-
let 183 of the three-way valve 18, and a second end con-
nected to the inlet 8b of the heat storage tank 8.

[0022] A mixing valve 19 includes a first inlet 191, a
second inlet 192, and an outlet 193. The mixing valve 19
can cause the heating medium in which the heating me-
dium flowing in from the first inlet 191 is mixed with the
heating medium flowing in from the second inlet 192 to
flow out from the outlet 193. The mixing valve 19 can
adjust a mixing ratio of the heating medium flowing in
from the first inlet 191 and the heating medium flowing
in from the second inlet 192. The mixing valve 19 can
also set the mixing ratio of the heating medium flowing
in from the second inlet 192 to substantially zero. The
mixing valve 19 may also be able to set the mixing ratio
of the heating medium flowing in from the first inlet 191
to substantially zero. In the configuration shown in the
drawing, the mixing valve 19 is disposed outside the tank
unit 33. Instead of this configuration, the mixing valve 19
may be disposed inside the tank unit 33.

[0023] An indoor-heating terminal 100 heats a room
200 by releasing heat of the heating medium into the
room 200. The indoor-heating terminal 100 may include,
as an indoor-heating appliance, at least one of a floor
heating panel installed under a floor, a radiator or a panel
heater installed on an indoor wall surface, and a fan con-
vector. In the case where the indoor-heating terminal 100
includes a plurality of the indoor-heating appliances, a
method of connecting the indoor-heating appliances may
be series connection, parallel connection, or a combina-
tion of the series connection and the parallel connection.
The indoor-heating terminal 100 is an example of a heat
demand section thatdemands heat. The heating medium
circulation system 35 of the present embodiment in-
cludes a room temperature sensor 101 that detects the
room temperature of the room 200.

[0024] Each of a supply channel 16b and a supply
channel 16¢ is a flow channel through which the heating
medium supplied to the indoor-heating terminal 100
flows. The upstream end of the supply channel 16b is
positioned inside the tank unit 33. The downstream end
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of the supply channel 16b is connected to the first inlet
191 of the mixing valve 19. The upstream end of the
supply channel 16¢ is connected to the outlet 193 of the
mixing valve 19. The downstream end of the supply chan-
nel 16c¢ is connected to the inlet of the heating medium
of the indoor-heating terminal 100. A second circulation
pump 13 capable of circulating the heating medium to
the indoor-heating terminal 100 is connected to some
midpoint of the supply channel 16c¢.

[0025] In the following description, the temperature of
the heating medium supplied to the indoor-heating ter-
minal 100, i.e., the temperature of the heating medium
flowing into the indoor-heating terminal 100 is referred
to as a "supply temperature". In the presentembodiment,
the supply temperature can be detected by atemperature
sensor 44 disposed in the supply channel 16c¢.

[0026] A first flow channel 16a has a first end connect-
ed to the first outlet 182 of the three-way valve 18, and
a second end communicating with the upstream end of
the supply channel 16b. A third flow channel 10b has a
first end connected to the third outlet 8d of the heat stor-
age tank 8, and a second end communicating with the
upstream end of the supply channel 16b. The confluence
ofthe second end of the first flow channel 16a, the second
end of the third flow channel 10b, and the upstream end
of the supply channel 16b forms a T-junction.

[0027] The first flow channel 16a is the flow channel
for causing the heating medium flowing out from the heat
pump device 7 to flow into the supply channel 16b without
passing through the heat storage tank 8. The second flow
channel 15b is the flow channel for causing the heating
medium flowing out from the heat pump device 7 to flow
into the heat storage tank 8. The three-way valve 18 can
switch between a first state in which the heating medium
can flow through thefirstflow channel 16a and the second
flow channel 15b is closed and a second state in which
the heating medium can flow through the second flow
channel 15b and the first flow channel 16a is closed.
[0028] The third flow channel 10b is the flow channel
for causing the heating medium flowing out from the heat
storage tank 8 to flow into the supply channel 16b. A first
check valve 60 that prevents backflow is disposed in the
third flow channel 10b. With the first check valve 60, it is
possible to reliably prevent the heating medium from
flowing into the heat storage tank 8 from the first flow
channel 16a through the third flow channel 10b.

[0029] Areturnchannel17aisthe flow channelthrough
which the heating medium having passed through the
indoor-heating terminal 100 flows. The upstream end of
the return channel 17a is connected to the outlet of the
heating medium of the indoor-heating terminal 100. The
downstream end of the return channel 17a is connected
to the second return port 8f of the heat storage tank 8.
The heating medium having passed through the indoor-
heating terminal 100 is caused to flow into the heat stor-
age tank 8 from the second return port 8f through the
return channel 17a.

[0030] Abranch portion 17cisformedatsome midpoint
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of the return channel 17a. The upstream end of a bypass
channel 17b communicates with the return channel 17a
at the branch portion 17c. The downstream end of the
bypass channel 17b is connected to the second inlet 192
of the mixing valve 19. The bypass channel 17b is the
flow channel for causing the heating medium having
passed through the indoor-heating terminal 100 to flow
into the supply channel 16c again without passing
through the heat pump device 7 and the heat storage
tank 8. It is possible to return at least part of the flow of
the heating medium flowing out from the outlet of the
indoor-heating terminal 100 to the inlet of the indoor-heat-
ing terminal 100 through the bypass channel 17b.
[0031] The mixing valve 19 enables adjustment of the
flow rate of the heating medium flowing through the by-
pass channel 17b. The mixing valve 19 is an example of
flow rate adjustment means that adjusts the flow rate of
the heating medium flowing through the bypass channel
17b.

[0032] Asecondcheckvalve 61 thatprevents backflow
is disposedinthe bypass channel 17b. The second check
valve 61 reliably prevents the heating medium in the by-
pass channel 17b from flowing toward the branch portion
17c¢ from the mixing valve 19.

[0033] Inthe present embodiment, a reservoir tank 90
capable of temporarily storing the heating medium is con-
nected to some midpoint of the return channel 17a. In
the case where the heating medium in the circuit of the
heating medium circulation system 35 expands due to
temperature, the redundant heating medium can be
stored in the reservoir tank 90.

[0034] The tank unit 33 has a water heat exchanger
52. The water heat exchanger 52 has a primary-side flow
channel through which the heating medium flows, and a
secondary-side flow channel through which water flows.
A conduit 10a has a first end connected to the second
outlet 8c of the heat storage tank 8, and a second end
connected to the primary-side inlet of the water heat ex-
changer 52. A conduit 9 has a first end connected to the
primary-side outlet of the water heat exchanger 52, and
a second end connected to the first return port 8e of the
heat storage tank 8. A third circulation pump 11 capable
of circulating the heating medium to the water heat ex-
changer 52 is connected to some midpoint of the conduit
9. A flow rate sensor 71 that detects the flow rate of the
heating medium passing through the water heat ex-
changer 52 is disposed at some midpoint of the conduit 9.
[0035] The downstream end of a water supply pipe 20
is connected to the secondary-side inlet of the water heat
exchanger 52. The upstream side of the water supply
pipe 20 is connected to a water source such as, e.g., a
waterworks. A flow rate sensor 70 that detects the flow
rate of water passing through the water heat exchanger
52 is disposed at some midpoint of the water supply pipe
20. The upstream end of a hot water supply pipe 21 is
connected to the secondary-side outlet of the water heat
exchanger 52. The downstream side of the hot water
supply pipe 21 is connected to a hot water supply terminal
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(the depiction thereof is omitted). The hot water supply
terminal may include at least one of, e.g., a faucet, a
bathtub, and a shower in a bath.

[0036] In the water heat exchanger 52, heat is ex-
changed between a high-temperature heating medium
supplied from the heat storage tank 8 and water supplied
from the water supply pipe 20. The following operation
is performed in a hotwater supply operation for supplying
hot water to the hot water supply pipe 21. When the hot
water supply terminal on the downstream side of the hot
water supply pipe 21 is opened, water is caused to flow
in the water supply pipe 20, the water heat exchanger
52, and the hot water supply pipe 21 due to water pres-
sure of the water source. The control device 36 can detect
whether or not hot water is supplied using the flow rate
sensor 70 installed in the water supply pipe 20. When
the start of hot water supply is detected, the control device
36 operates the third circulation pump 11 to supply the
high-temperature heating medium to the water heat ex-
changer 52 from the upper portion of the heat storage
tank 8. Hot water heated in the water heat exchanger 52
is supplied to the hot water supply terminal through the
hot water supply pipe 21. The heating medium that is
reduced in temperature while it passes through the water
heat exchanger 52 flows into the heat storage tank 8 from
the first return port 8e through the conduit 9.

[0037] The output or the rotation speed of at least one
of the first circulation pump 12, the second circulation
pump 13, and the third circulation pump 11 may be var-
iable. At least one of the first circulation pump 12, the
second circulation pump 13, and the third circulation
pump 11 may include a pulse width modulation control
DC motor capable of varying the output or the rotation
speed in response to a speed command voltage from the
control device 36.

[0038] In the hot water supply operation, the control
device 36 may control the operation of the third circulation
pump 11 such that the flow rate detected by the flow rate
sensor 71 is equal to a predetermined flow rate. In the
hot water supply operation, the control device 36 may
control the operation of the third circulation pump 11 such
that the temperature of hot water flowing through the hot
water supply pipe 21 is equal to a target value.

[0039] The following operation is performed in the heat
accumulating operation. The three-way valve 18 is
switched such that the heating medium can flow through
the second flow channel 15b. The heat pump device 7
and the first circulation pump 12 are operated. The heat-
ing medium flowing out from the first outlet 8a of the heat
storage tank 8 flows into the heat pump device 7 through
the fourth flow channel 14. The heating medium heated
by the heat pump device 7 flows into the heat storage
tank 8 from the inlet 8b through the fifth flow channel 15a
and the second flow channel 15b. Thus, in the heat ac-
cumulating operation, the heating medium circulates
through the heat storage tank 8, the fourth flow channel
14, the heat pump device 7, the fifth flow channel 15a,
the second flow channel 15b, and the heat storage tank
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8 in this order.

[0040] The control device 36 can control the heat pump
outlet temperature by controlling the operation of at least
one of the heat pump device 7 and the first circulation
pump 12. A user can set hot water temperature by oper-
ating the terminal device 37. In the heat accumulating
operation, the control device 36 may control the operation
of at least one of the heat pump device 7 and the first
circulation pump 12 such that the heat pump outlet tem-
perature detected by the temperature sensor 40 is not
less than the hot water temperature set by the user. With
this, it is possible to set the temperature of the heating
medium stored in the heat storage tank 8 to a proper
temperature corresponding to the hot water temperature
set by the user.

[0041] Inthe heataccumulatingoperation, itis possible
toincrease the temperature of a low-temperature heating
medium in the lower portion of the heat storage tank 8
to a target temperature while the low-temperature heat-
ing medium passes through the heatpump device 7 once.
Hereinafter, such a heat accumulating operation is re-
ferred to as a "once-through heat accumulating opera-
tion". The once-through heat accumulating operation is
enabled by circulating the heating medium at a relatively
low flow rate. In the once-through heat accumulating op-
eration, the temperature of the heating medium is in-
creased from, e.g., 20°C to 60°C while the heating me-
dium passes through the heat pump device 7 once. By
performing the once-through heat accumulating opera-
tion, the layer of the heated high-temperature heating
medium and the layer of the low-temperature heating me-
dium that is not heated yet can be stacked on each other
in the heat storage tank 8.

[0042] In the case where the heat pump device 7 has
a CO, refrigerant, a COP (Coefficient Of Performance),
i.e., energy efficiency is improved by performing the
once-through heat accumulating operation.

[0043] As an indoor-heating operation for heating the
room 200, the heating medium circulation system 35 of
the present embodiment can execute two types of the
indoor-heating operations that are a first circulation op-
eration and a second circulation operation. Fig. 2 is a
view showing an example of the circulation path of the
heating medium in the first circulation operation of the
heating medium circulation system 35 shown in Fig. 1.
Fig. 3 is a view showing an example of the circulation
path of the heating medium in the second circulation op-
eration of the heating medium circulation system 35
shown in Fig. 1.

[0044] First, the first circulation operation will be de-
scribed. The following operation is performed in the first
circulation operation in the example shown in Fig. 2. The
three-way valve 18 is switched such that the heating me-
dium can flow through the first flow channel 16a. The
heat pump device 7 and the first circulation pump 12 are
operated. The heating medium flowing out from the first
outlet 8a of the heat storage tank 8 flows into the heat
pump device 7 through the fourth flow channel 14. The
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heating medium heated by the heat pump device 7 is
supplied to the indoor-heating terminal 100 through the
fifth flow channel 15a, the first flow channel 16a, the sup-
ply channel 16b, and the supply channel 16c. The heating
medium having passed through the indoor-heating ter-
minal 100 flows into the heat storage tank 8 from the
second return port 8f through the return channel 17a.
Thus, in the first circulation operation, the heating medi-
um circulates through the heat storage tank 8, the fourth
flow channel 14, the heat pump device 7, the fifth flow
channel 15a, the first flow channel 16a, the supply chan-
nel 16b, the supply channel 16¢, the indoor-heating ter-
minal 100, the return channel 17a, and the heat storage
tank 8 in this order.

[0045] Thefirstcirculation operation may be performed
in the following manner. The control device 36 may con-
trol the supply temperature for the indoor-heating termi-
nal 100 by controlling the operation of at least one of the
heat pump device 7 and the first circulation pump 12.
The control device 36 may control the operation of at
least one of the heat pump device 7 and the first circu-
lation pump 12 such that the supply temperature detected
by the temperature sensor 44 is equal to a target value.
The user may operate the terminal device 37 to thereby
setthe target value ofthe supply temperature. The control
device 36 may determine the target value of the supply
temperature according to the outside air temperature de-
tected by the outside air temperature sensor 2. The con-
trol device 36 may determine the target value of the sup-
ply temperature according to the outside air temperature
detected by the room temperature sensor 101.

[0046] The following state is established in the first cir-
culation operation in the example shown in Fig. 2. The
mixing valve 19 is in a state in which the heating medium
does not flow through the bypass channel 17b, i.e., a
state in which the mixing ratio of the heating medium
flowing in from the second inlet 192 is substantially zero.
The flow rate of the heating medium passing through the
first heat exchanger 3 of the heat pump device 7 is equal
to the flow rate of the heating medium passing through
the indoor-heating terminal 100.

[0047] When the velocity of flow of the heating medium
flowing in the first heat exchanger 3 exceeds a given
threshold value, the heating medium may corrode the
first heat exchanger 3. In order to reliably prevent the
corrosion of the first heat exchanger 3, there are cases
where an upper limit is set on the flow rate of the heating
medium passing through the first heat exchanger 3. An
example of the upper limit includes 8 L per minute.
[0048] In the example shown in Fig. 2, the flow rate of
the heating medium passing through the indoor-heating
terminal 100 is equal to the flow rate of the heating me-
dium passing through the first heat exchanger 3. There-
fore, the upper limit of the flow rate of the heating medium
passing through the indoor-heating terminal 100 is equal
to the upper limit of the flow rate of the heating medium
passing through the first heat exchanger 3.

[0049] There are cases where the proper supply tem-



11 EP 3 540 324 A1 12

perature for the indoor-heating terminal 100 differs de-
pending on the type of the indoor-heating appliance of
the indoor-heating terminal 100. In the case where the
indoor-heating terminal 100 includes, e.g., a radiator, a
relatively high supply temperature is preferable. Even
with the limitation resulting from the upper limit of the flow
rate of the heating medium passing through the indoor-
heating terminal 100, it becomes possible to output in-
door-heating power requested by the user by supplying
the heating medium having a relatively high temperature
to the indoor-heating terminal 100.

[0050] Next, the second circulation operation will be
described. The following operation is performed in the
second circulation operationin the example shown in Fig.
3. The three-way valve 18 is switched such that the first
outlet 182 to which the first flow channel 16a is connected
is closed. Thatis, the three-way valve 18 is switched such
that the heating medium can flow through the second
flow channel 15b. The second circulation pump 13 is op-
erated. The heating medium flowing out from the third
outlet 8d of the heat storage tank 8 is supplied to the
indoor-heating terminal 100 through the third flow chan-
nel 10b, the supply channel 16b, and the supply channel
16c¢. The heating medium having passed through the in-
door-heating terminal 100 flows through the return chan-
nel 17a. At least part of the heating medium having
passed through the indoor-heating terminal 100 flows in-
to the bypass channel 17b from the branch portion 17c,
and flows into the indoor-heating terminal 100 again
through the mixing valve 19 and the supply channel 16c¢.
The heating medium that has not flowed into the bypass
channel 17b at the branch portion 17c flows through the
return channel 17a, and flows into the heat storage tank
8 from the second return port 8f. Thus, in the second
circulation operation, the heating medium flows through
the heat storage tank 8, the third flow channel 10b, the
supply channel 16b, the supply channel 16¢, and the in-
door-heating terminal 100 in this order.

[0051] In the present embodiment, the heat accumu-
lating operation described above and the second circu-
lation operation can be executed concurrently and simul-
taneously. With this, the advantage is achieved that the
second circulation operation can be executed even in the
case where the amount of stored heat in the heat storage
tank 8 is insufficient. Fig. 3 shows a state in which the
heat accumulating operation and the second circulation
operation are concurrently executed. In Fig. 3, the heat
pump device 7 and the first circulation pump 12 are op-
erated in order to perform the heat accumulating opera-
tion.

[0052] The second circulation operation may be per-
formed in the following manner. The control device 36
may control the flow rate of the heating medium passing
through the indoor-heating terminal 100 by controlling
the operation of the second circulation pump 13. The
control device 36 may control the supply temperature for
the indoor-heating terminal 100 by controlling the mixing
ratio in the mixing valve 19. The control device 36 may
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control the mixing valve 19 such that the supply temper-
ature detected by the temperature sensor 44 is equal to
the target value. The user may operate the terminal de-
vice 37 to thereby set the target value of the supply tem-
perature. The control device 36 may determine the target
value of the supply temperature according to the outside
air temperature detected by the outside air temperature
sensor 2. The control device 36 may determine the target
value of the supply temperature according to the outside
airtemperature detected by the room temperature sensor
101.

[0053] According to the second circulation operation,
the limitation resulting from the upper limit of the flow rate
of the heating medium passing through the first heat ex-
changer 3 is not imposed on the flow rate of the heating
medium passing through the indoor-heating terminal
100. Consequently, in the second circulation operation,
the flow rate of the heating medium passing through the
indoor-heating terminal 100 can be made higher than
that in the first circulation operation. For example, in the
case where the upper limit of the flow rate of the heating
medium passing through the first heat exchanger 3 is 8
L per minute, the flow rate of the heating medium passing
through the indoor-heating terminal 100 can be made
equal to or higher than 9 L per minute in the second cir-
culation operation.

[0054] Forexample,inthe case where the indoor-heat-
ing terminal 100 includes an appliance for floor heating,
arelatively low supply temperature is preferable. The rel-
atively low supply temperature is, e.g., about 35°C. In
the case where the supply temperature is relatively low,
as compared with the case where the supply temperature
is relatively high, the indoor-heating power requested by
the user may not be outputted unless the flow rate of the
heating medium passing through the indoor-heating ter-
minal 100 is increased. According to the second circula-
tion operation, it is possible to increase the flow rate of
the heating medium passing through the indoor-heating
terminal 100, and hence it becomes possible to output
the indoor-heating power requested by the user even with
the relatively low supply temperature.

[0055] The control device 36 may perform control in
the following manner in the heat accumulating operation
and the second circulation operation. The control device
36 may control the operations of the first circulation pump
12 and the second circulation pump 13 such that the flow
rate of the heating medium passing through the heat
pump device 7 in the heat accumulating operation is not
more than the flow rate of the heating medium passing
through the indoor-heating terminal 100 in the second
circulation operation. With this, the temperature of the
heating medium flowing into the heat storage tank 8 from
the heat pump device 7 and the supply temperature for
the indoor-heating terminal 100 can be set to proper val-
ues. The control device 36 may control the operation of
atleast one of the heat pump device 7, the first circulation
pump 12, and the mixing valve 19 such that the heat
pump outlet temperature detected by the temperature
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sensor 40 is not less than the supply temperature for the
indoor-heating terminal 100. With this, it is possible to
reliably prevent the heating medium having a tempera-
ture lower than the supply temperature for the indoor-
heating terminal 100 from flowing into the heat storage
tank 8 from the heat pump device 7. The control device
36 may perform control in the above manner in the case
where the heat accumulating operation and the second
circulation operation are performed concurrently and si-
multaneously. The control device 36 may perform control
in the above manner in the case where the heat accu-
mulating operation and the second circulation operation
are performed separately and individually at different oc-
casions.

[0056] A configuration may be adopted in which the
user can choose the first circulation operation or the sec-
ond circulation operation according to the type of the in-
door-heating terminal 100. For example, a configuration
may be adopted in which the user can operate the ter-
minal device 37 to thereby preset the execution of the
first circulation operation or the second circulation oper-
ation in the indoor-heating operation.

[0057] For example, in the case where the amount of
stored heat in the heat storage tank 8 is sufficient, the
control device 36 may execute only the second circula-
tion operation without executing the heat accumulating
operation.

[0058] According to the present embodiment, the fol-
lowing effects can be obtained by providing the first check
valve 60 in the third flow channel 10b. It is possible to
enable, using a simple device configuration, the second
circulation operation in which the heating medium is
caused to flow into the supply channel 16b leading to the
indoor-heating terminal 100 from the heat storage tank
8, and the first circulation operation in which the heating
medium heated by the heat pump device 7 is caused to
flow into the supply channel 16b without passing through
the heat storage tank 8. The first check valve 60 is lower
in cost than a flow channel switching valve. The first
check valve 60 operates automatically, and hence the
control device 36 does not need to control the first check
valve 60.

[0059] The heating medium circulation system 35 of
the present embodiment may execute a circulation heat
accumulating operation instead of the above-described
once-through heat accumulating operation. The follow-
ing state is established in the circulation heat accumu-
lating operation. The total volume of the heating medium
passing through the heat pump device 7 in one heat ac-
cumulating operation is not less than the capacity of the
heat storage tank 8. For example, the total volume of the
heating medium passing through the heat pump device
7 in one heat accumulating operation may be about sev-
eral times to ten times the capacity of the heat storage
tank 8. An increase in the temperature of the heating
medium when the heating medium passes through the
heat pump device 7 once is small. For example, the in-
crease in the temperature thereof in one passage may
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be 5°C. The heating medium in the heat storage tank 8
is heated by the heat pump device 7 a plurality of times,
and the temperature of the heating medium increases
stepwise and reaches the target temperature.

[0060] Depending on the type of the refrigerant of the
heat pump device 7, the COP can be improved by per-
forming the circulation heat accumulating operation. For
example, in the case where the heat pump 7 has R410A
as the refrigerant, the COP can be improved by reducing
anincrease in temperature in one passage by performing
the circulation heat accumulating operation.

[0061] The control device 36 may perform control in
the following manner in the circulation heat accumulating
operation and the second circulation operation. The con-
trol device 36 may control the operations of the first cir-
culation pump 12 and the second circulation pump 13
such that the flow rate of the heating medium passing
through the heat pump device 7 in the circulation heat
accumulating operation is not more than the flow rate of
the heating medium passing through the indoor-heating
terminal 100 in the second circulation operation. With
this, the COP of the circulation heat accumulating oper-
ation can be improved and, at the same time, the supply
temperature for the indoor-heating terminal 100 can be
set to a proper temperature. The control device 36 may
perform control in the above manner in the case where
the circulation heat accumulating operation and the sec-
ond circulation operation are executed concurrently and
simultaneously. The control device 36 may perform con-
trol in the above manner in the case where the circulation
heat accumulating operation and the second circulation
operation are executed separately and individually at dif-
ferent occasions.

[0062] The individual functions of the control device 36
may be implemented by processing circuitry. The
processing circuitry of the control device 36 may include
at leastone processor 361 and at least one memory 362.
In the case where the processing circuitry includes at
least one processor 361 and at least one memory 362,
the individual functions of the control device 36 may be
implemented by software, firmware, or a combination of
software and firmware. At least one of the software and
the firmware may be described as a program. At least
one of the software and the firmware may be stored in
at least one memory 362. At least one processor 361
may implement the individual functions of the control de-
vice 36 by reading and executing a program stored in at
least one memory 362. At least one memory 362 may
include a non-volatile or volatile semiconductor memory,
a magnetic disk, or the like.

[0063] The processing circuitry of the control device
36 may include at least one dedicated hardware. In the
case where the processing circuitry includes at least one
dedicated hardware, the processing circuitry may be,
e.g., a single circuit, a composite circuit, a programmed
processor, a parallel-programmed processor, an ASIC
(Application Specific Integrated Circuit), an FPGA (Field-
Programmable Gate Array), or a combination thereof.
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The functions of the individual sections of the control de-
vice 36 may be implemented individually by the process-
ing circuitry. In addition, the functions of the individual
sections of the control device 36 may also be implement-
ed collectively by the processing circuitry. Part of the in-
dividual functions of the control device 36 may be imple-
mented by dedicated hardware, and the other part there-
of may be implemented by software or firmware. The
processing circuitry may implement the individual func-
tions of the control device 36 by using hardware, soft-
ware, firmware, or a combination thereof.

[0064] The configuration is not limited to the configu-
ration in which the operation of the heating medium cir-
culation system 35is controlled by a single control device,
and a configuration may be adopted in which a plurality
of control devices cooperate with each other to control
the operation of the heating medium circulation system
35.

[Reference Signs List]

[0065]

1 compressor

2 outside air temperature sensor
3 first heat exchanger

4 decompression device
5 refrigerant piping

6 second heat exchanger
7 heat pump device

8 heat storage tank

10b third flow channel

11 third circulation pump
12 first circulation pump

13 second circulation pump
14 fourth flow channel

15a fifth flow channel

15b second flow channel
16a first flow channel
16b,16c  supply channel

17a return channel

17b bypass channel

18 three-way valve

19 mixing valve

33 tank unit

35 heating medium circulation system
36 control device

37 terminal device

60 first check valve

61 second check valve

100 indoor-heating terminal
101 room temperature sensor
Claims

1. A heating medium circulation system comprising:
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heating means configured to heat a heating me-
dium;

a heat storage tank configured to store the heat-
ing medium heated by the heating means;

a supply channel through which the heating me-
dium supplied to a heat demand section flows;
a first flow channel through which the heating
medium flowing out from the heating means is
caused to flow into the supply channel without
passing through the heat storage tank;
asecond flow channel through which the heating
medium flowing out from the heating means is
caused to flow into the heat storage tank;

flow channel switching means configured to
switch between the first flow channel and the
second flow channel;

a third flow channel through which the heating
medium flowing out from the heat storage tank
is caused to flow into the supply channel; and
a check valve disposed in the third flow channel.

2. The heating medium circulation system according to
Claim 1, further comprising:
means configured to control a first circulation oper-
ation in which the heating medium flows through the
heating means, the first flow channel, and the supply
channel in this order, and a second circulation oper-
ation in which the heating medium flows through the
heat storage tank, the third flow channel, and the
supply channel in this order.

3. The heating medium circulation system according to
Claim 2, wherein
the flow channel switching means switches to the
first flow channel, and the heating medium heated
by the heating means flows into the supply channel
without passing through the heat storage tank in the
first circulation operation.

4. The heating medium circulation system according to
Claim 2 or 3, further comprising:

abypass channel through which the heating me-
dium having passed through the heat demand
section is caused to flow into the supply channel
without passing through the heating means and
the heat storage tank; and

flow rate adjustment means configured to adjust
a flow rate of the heating medium flowing
through the bypass channel.

5. The heating medium circulation system according to
any one of Claims 2 to 4, further comprising:

a fourth flow channel through which the heating
medium flowing out from the heat storage tank
is caused to flow into the heating means; and

a return channel through which the heating me-
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dium having passed through the heat demand
section is caused to flow into the heat storage
tank, wherein

the heating medium circulates through the heat
storage tank, the third flow channel, the supply
channel, the heat demand section, the return
channel, and the heat storage tank in this order
in the second circulation operation, and
aheataccumulating operation in which the heat-
ing medium circulates through the heat storage
tank, the fourth flow channel, the heating means,
the second flow channel, and the heat storage
tank in this order, and the second circulation op-
eration are concurrently executable.

The heating medium circulation system according to
any one of Claims 2 to 5, further comprising:
means configured to perform control such that a tem-
perature of the heating medium flowing out from the
heating means in a heat accumulating operation in
which the heating medium heated by the heating
means is caused to flow into the heat storage tank
is not less than a hot water supply temperature set
by a user.

The heating medium circulation system according to
any one of Claims 2 to 6, further comprising:
means configured to perform control such that a tem-
perature of the heating medium flowing out from the
heating means in a heat accumulating operation in
which the heating medium heated by the heating
means is caused to flow into the heat storage tank
is notless than a temperature of the heating medium
supplied to the heat demand section in the second
circulation operation.

The heating medium circulation system according
to any one of Claims 2 to 7, further comprising:
means configured to perform control such that a flow
rate of the heating medium passing through the heat-
ing means in a heat accumulating operation in which
the heating medium heated by the heating means is
caused to flow into the heat storage tank is not more
than a flow rate of the heating medium passing
through the heat demand section in the second cir-
culation operation.

The heating medium circulation system according to
any one of Claims 2 to 7, further comprising:

means configured to perform control such that a flow
rate of the heating medium passing through the heat-
ing means in a circulation heat accumulating oper-
ation in which a total volume of the heating medium
having passed through the heating means in one
heat accumulating operation is not less than a ca-
pacity of the heat storage tank is not less than a flow
rate of the heating medium passing through the heat
demand section in the second circulation operation.
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