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(54) HEAT MEDIUM CIRCULATION SYSTEM

(57) [Object] It is an object of the present invention
to provide a safe heat medium circulation system capable
of detecting initial leakage of refrigerant early when trial
operation is completed, and capable of reducing errone-
ous detection of leakage of refrigerant and according to
this, it is possible to early find leakage of refrigerant.

[Solving Means] The heat medium circulation sys-
tem of the invention includes a heat pump cycle 24
through which refrigerant circulates, a heating cycle 50
through which heat medium heated by the heat pump

cycle 24 circulates between the heat pump cycle 24 and
a heating terminal 37, a pressure sensor 27 for detecting
pressure of heat medium in the heating cycle 50, and a
control device 35. The control device 35 determines that
the refrigerant leaks from the heat pump cycle 24 to the
heating cycle 50 based on a detected value of the pres-
sure sensor 27 which is detected after a trial operation
for operating the heat pump cycle 24 and the heating
cycle 50 is completed after water is poured to the heating
cycle 50.
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Description

[TECHNICAL FIELD]

[0001] The present invention relates to a heat medium
circulation system.

[BACKGROUND TECHNIQUE]

[0002] In a conventional heat pump type hydronic heat-
er, if discharge pressure which is detected by discharge
pressure detecting means is smaller than first set pres-
sure and discharge superheat degree which is detected
by discharge superheat degree detecting means is equal
to or greater than predetermined value after predeter-
mined time from actuation of a compressor, a control
device determines that refrigerant leaks and refrigerant
is insufficient. Further, if discharge pressure which is de-
tected by the discharge pressure detecting means is
smaller than second set pressure which is set smaller
than the first set pressure, the control device determines
that refrigerant leaks and refrigerant is insufficient. Then,
the control device stops the operation of the compressor
(see patent document 1 for example).

[PRIOR ART DOCUMENT]

[PATENT DOCUMENT]

[0003] [Patent Document 1] Japanese Patent Applica-
tion Laid-open No.2013-185803

[SUMMARY OF THE INVENTION]

[PROBLEM TO BE SOLVED BY THE INVENTION]

[0004] However, to prevent erroneous detection, the
conventional configuration has a problem that if more
than half refrigerant is not reliably missing, leakage ab-
normality of refrigerant cannot be detected.
[0005] A heat medium circulation system of the present
invention solves the above-described problem, and
based on a detected value of a pressure sensor which
is detected after completion of trial operation in which a
heat pump cycle and a heating cycle are operated after
water is poured to the heating cycle, it is determined that
refrigerant leaks from the heat pump cycle to the heating
cycle. According to this, initial leakage of refrigerant can
be detected early when the trial operation is completed.
Further, erroneous detections of leakage of refrigerant
can be reduced. For the reason described above, it is
possible to provide a safe heat medium circulation sys-
tem capable of finding leakage of refrigerant early.

[MEANS FOR SOLVING THE PROBLEM]

[0006] To solve the conventional problems, a heat me-
dium circulation system of the present invention includes:

a heat pump cycle through which refrigerant circulates;
a heating cycle through which heat medium heated by
the heat pump cycle circulates between the heat pump
cycle and a heating terminal; a pressure sensor for de-
tecting pressure of the heat medium in the heating cycle;
and a control device. The control device determines that
the refrigerant leaks from the heat pump cycle to the heat-
ing cycle based on a detected value of the pressure sen-
sor which is detected after a trial operation for operating
the heat pump cycle and the heating cycle is completed
after water is poured to the heating cycle.

[EFFECT OF THE INVENTION]

[0007] According to the heat medium circulation sys-
tem of the invention, it is possible to early detect initial
leakage of refrigerant after trial operation is completed.
Further, erroneous detection of leakage of refrigerant can
be reduced.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0008]

Fig. 1 is a block diagram of a heat medium circulation
system in an embodiment of the present invention;
Fig. 2 is a diagram for describing detection of leakage
of refrigerant of the heat medium circulation system;
Fig. 3 is a diagram for describing detection of leakage
of refrigerant of the heat medium circulation system;
and
Fig. 4 is a diagram for describing detection of leakage
of refrigerant of the heat medium circulation system.

[MODE FOR CARRYING OUT THE INVENTION]

[0009] A heat medium circulation system of the present
invention includes: a heat pump cycle through which re-
frigerant circulates; a heating cycle through which heat
medium heated by the heat pump cycle circulates be-
tween the heat pump cycle and a heating terminal; a pres-
sure sensor for detecting pressure of the heat medium
in the heating cycle; and a control device. The control
device determines that the refrigerant leaks from the heat
pump cycle to the heating cycle based on a detected
value of the pressure sensor which is detected after a
trial operation for operating the heat pump cycle and the
heating cycle is completed after water is poured to the
heating cycle.
[0010] According to this, it is possible to early detect
initial leakage of refrigerant after trial operation is com-
pleted. Further, erroneous detection of leakage of refrig-
erant can be reduced.
[0011] The control device may determine that the re-
frigerant leaks from the heat pump cycle to the heating
cycle based on the detected value of the pressure sensor
which is detected when the trial operation is stopped.
[0012] According to this, based on the initial leakage
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of refrigerant, it is possible to early detect abnormality.
[0013] The control device may determine that the re-
frigerant leaks from the heat pump cycle to the heating
cycle based on the detected value of the pressure sensor
detected during normal operation which operates the
heat pump cycle and the heating cycle.
[0014] According to this, it is possible to reduce erro-
neous detections of leakage of refrigerant.
[0015] When a detected value of the pressure sensor
is equal to or greater than the predetermined value, the
control device may determine that refrigerant leaks from
the heat pump cycle to the heating cycle.
[0016] If it is not determined that abnormality occurs
(refrigerant leaks) until pressure reaches a constant val-
ue (predetermined value), erroneous detection of leak-
age of refrigerant from the heat pump cycle to the heating
cycle is reduced.
[0017] The control device may determine that refriger-
ant leaks from the heat pump cycle to the heating cycle
based on a magnitude of a difference between a detected
value of the pressure sensor and a preset reference val-
ue.
[0018] Detection accuracy of leakage of refrigerant is
enhanced, and erroneous detection of leakage of refrig-
erant is reduced.
[0019] The reference value may be a detected value
of the pressure sensor which is detected when the oper-
ation is stopped after the trial operation is completed.
[0020] According to this, it is possible to set a reference
value suitable to pressure of a water circuit which is set
when the system is installed. Therefore, it is possible to
set an optimal reference value which is suitable to using
environment of a customer.
[0021] Further, the control device may include an op-
eration history storage device for storing operation his-
tory. Only when the operation history storage device has
operation history, the control device may determine that
refrigerant leaks from the heat pump cycle to the heating
cycle.
[0022] Leakage of refrigerant is detected only when
there is operation history in times past. According to this,
it is possible to prevent erroneous detection caused by
pressure rise at the time of the trial operation.
[0023] A warning device for warning about leakage of
refrigerant may further be included. The control device
may operate the warning device when it is determined
that refrigerant leaks from the heat pump cycle to the
heating cycle.
[0024] According to this, when it is detected that refrig-
erant leaks, it is possible to inform a user or a repairer of
leakage of refrigerant.
[0025] The warning device may be provided in a re-
mote controller or in an information terminal which can
communicate with the control device through a network.
[0026] According to this, it is possible to more appro-
priately inform a user and a repairer of leakage of refrig-
erant remotely.
[0027] An embodiment will be described below with

reference to the drawings. However, description which
is detail more than necessary will be omitted in some
cases. For example, detailed description of already well
known matters, or redundant description of substantially
the same configuration will be omitted in some cases.
This is for preventing the following description from be-
coming redundant more than necessary, and for making
it easy for a person skilled in the art to understand the
present disclosure.
[0028] The accompanying drawing and the following
description are provided so that a person skilled in the
art can sufficiently understand the present disclosure,
and it is not intended that they limit the subject matter
described in claims.

(First Embodiment)

[0029] A configuration of a heat medium circulation
system 100 of a first embodiment will be described below
using Fig. 1.
[0030] The heat medium circulation system 100 of the
embodiment includes a heat pump cycle 24 through
which refrigerant circulates, and a heating cycle 50
through which heat medium heated in the heat pump
cycle 24 circulates between the heat pump cycle 24 and
a heating terminal 37.
[0031] The heat pump cycle 24 is composed by con-
necting a compressor 20, a water-refrigerant heat ex-
changer 21, decompression means 22 and an air heat
exchanger 23 to one another.
[0032] The heating cycle 50 includes a heating terminal
37, a circulation pump 25, water-going temperature de-
tecting means 34, water-entering temperature detecting
means 33, a flow rate sensor 26, a pressure sensor 27,
a relief value 28, a purge valve 29 and a heater unit 30.
The heating terminal 37 heats a home using hot water
which is heated by the water-refrigerant heat exchanger
21. The circulation pump 25 circulates hot water between
the water-refrigerant heat exchanger 21 and the heating
terminal 37. The water-going temperature detecting
means 34 detects going-temperature of circulation water.
The water-entering temperature detecting means 33 de-
tects returning-temperature of circulation water. The flow
rate sensor 26 detects a circulation flow rate of heat me-
dium which flows through the heating cycle 50. The pres-
sure sensor 27 detects pressure of heat medium which
flows through the heating cycle 50. The pressure sensor
27 is placed between the circulation pump 25 and the
water-refrigerant heat exchanger 21. The relief value 28
discharges heat medium flowing through the heating cy-
cle 50 to outside of the cycle. The purge valve 29 dis-
charges air existing in the heating cycle 50 to outside of
the cycle. The heater unit 30 operates as an auxiliary
heat source when ability of the heat pump is insufficient.
[0033] In the heat medium circulation system 100 of
this embodiment, high pressure refrigerant compressed
by the compressor 20 is sent to the water-refrigerant heat
exchanger 21. Here, R32 is used as the refrigerant, but
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other refrigerants can also be used. The water-refrigerant
heat exchanger 21 is composed of a heat exchanger
formed from laminated stainless steel plates. The circu-
lation pump 25 sends circulation water to the water-re-
frigerant heat exchanger 21 through a hot water returning
pipe 32. In the water-refrigerant heat exchanger 21, heat-
ed refrigerant and circulation water exchange heat and
circulation hot water is produced. The circulation hot wa-
ter is sent to the heating terminal 37 through a hot water-
going pipe 31. The heating terminal 37 carries out the
heating operation.
[0034] The circulation hot water which radiates heat in
the heating terminal 37 is sent to the water-refrigerant
heat exchanger 21 through the hot water returning pipe
32 by the circulation pump 25, and the circulation hot
water is again heated. In the heat medium circulation
system 100 of the embodiment, the water-refrigerant
heat exchanger 21 is placed outside (more specifically,
outdoor unit 44), and the circulation pump 25 and a con-
trol device 35 are placed inside (more specifically, indoor
unit 43) .
[0035] In this embodiment, the pressure sensor 27
which detects pressure of heat medium is placed be-
tween the circulation pump 25 and the water-refrigerant
heat exchanger 21.
[0036] The control device 35 determines that refriger-
ant leaks from the heat pump cycle 24 to the heating
cycle 50 based on a detected value of the pressure sen-
sor 27 when the operation of the heat medium circulation
system 100 is stopped.
[0037] As a reason why refrigerant leaks from the out-
door unit 44 and intrudes into the indoor unit 43, there
exists only a fact that a partition wall of the water-refrig-
erant heat exchanger 21 is damaged. Therefore, when
the water-refrigerant heat exchanger 21 which is placed
outdoor is damaged due to freezing or the like, it can be
determined that refrigerant leaks at the heat pump cycle
24. According to this, it is possible to detect leakage of
refrigerant in the early stages.
[0038] In this embodiment, the purge valve 29 for dis-
charging air existing in the heating cycle 50 and the relief
value 28 for discharging hot water when pressure in the
circulation water circuit exceeds 0.3 MPa for example
are placed in the heating cycle 50.
[0039] According to this configuration, it is possible to
control such that the heating cycle 50 is filled with circu-
lation hot water and pressure of the circulation hot water
becomes equal to or smaller than the predetermined val-
ue (0.3 MPa in this embodiment).
[0040] As described above, the control device 35 de-
termines that refrigerant leaks from the heat pump cycle
24 to the heating cycle 50 based on the detected value
of the pressure sensor 27 which is detected after the trial
operation for operating the heat pump cycle 24 and the
heating cycle 50 is completed after water is poured to
the heating cycle 50. When the control device 35 deter-
mines that refrigerant leaks, the control device 35 oper-
ates a warning device (not shown). According to this, it

is possible to reliably inform a user and a repairer of leak-
age of refrigerant.
[0041] The warning device may be provided in a re-
mote controller 42. Alternatively, the warning device may
be provided in an information terminal 41 which can com-
municate with the control device 35 through a network
circuit 40 such as the Internet for example. According to
this, a user and a repairer can recognize its status. The
control device 35 may be connected to the network circuit
40 through an HEMS (Home Energy Management Sys-
tem) controller 38 and a network transceiver 39. Exam-
ples of the information terminal 41 are a tablet terminal,
a cell-phone and a smartphone. Detection of the above-
described leakage of refrigerant may be carried out not
by the control device 35, but by a server which can com-
municate with the control device 35 through the network
circuit 40 such as the Internet.
[0042] Next, a way to detect leakage of refrigerant of
the heat pump cycle 24 of this embodiment will be de-
scribed using Fig. 2. An operation example 1 in Fig. 2
shows transition of pressure detected by the pressure
sensor 27 when the heat medium circulation system 100
is operated in a state (normal state) where refrigerant
does not leak. An operation example 2 in Fig. 2 shows
transition of pressure detected by the pressure sensor
27 when the heat medium circulation system 100 is op-
erated in a state where refrigerant leaks.
[0043] In the embodiment, the heat medium is water,
but the heat medium is not limited to water. Immediately
after the heat medium circulation system 100 is installed,
the heating cycle 50 is not filled with water which is the
heat medium. By pour water into the heating cycle 50,
air existing in the heating cycle 50 before water is poured
is pushed out, and this air is discharged outside of the
heating cycle 50 from the purge valve 29.
[0044] Next, the heat medium circulation system 100
installed in a service space is actually operated, and a
trial operation for checking whether there is a problem in
the heat medium circulation system 100 or the installing
operation is carried out. If the trial operation is started,
pressure detected by the pressure sensor 27 rises due
to influence of the operated compressor 20 and the cir-
culation pump 25. At this time, when pressure detected
by the pressure sensor 27 almost exceeds or actually
exceeds a predetermined value (0.3 MPa in this embod-
iment), the control device 35 operates the relief value 28
to bring the pressure to a value equal to or smaller than
the predetermined value (0.3 MPa) .
[0045] During time after the trial operation is completed
and before next normal operation is started, the heat me-
dium circulation system 100 is stopped. When refrigerant
does not leak, a pressure value detected by the pressure
sensor 27 is lowered with time after the trial operation is
completed as shown in the operation example 1, and the
heat medium circulation system is brought into the steady
state. At this time, the control device 35 does not deter-
mine that refrigerant leaks in the heat medium circulation
system 100. When refrigerant leaks on the other hand,
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the pressure value detected by the pressure sensor 27
rises after the operation is stopped as shown in the op-
eration example 2, and the pressure reaches the prede-
termined value (0.3 MPa) in due course for detecting
leakage of refrigerant. According to this, the control de-
vice 35 determines that refrigerant leaks in the heat me-
dium circulation system 100.
[0046] In the heat medium circulation system 100 of
this embodiment, when the detected value of the pres-
sure sensor 27 is equal to or greater than the predeter-
mined value (0.3 MPa this time), the control device 35
determines that refrigerant leaks from the heat pump cy-
cle 24 to the heating cycle 50. By setting, as the prede-
termined value, a numeric value by which it is obviously
possible to determine that refrigerant leaks, it is possible
to prevent erroneous detection.
[0047] This embodiment is described above that when
the detected value of the pressure sensor 27 is equal to
or greater than the predetermined value, the control de-
vice 35 determines that refrigerant leaks from the heat
pump cycle 24 to the heating cycle 50, but the present
invention is not limited to the embodiment. The control
device 35 may determine that refrigerant leaks from the
heat pump cycle 24 to the heating cycle 50 based on a
magnitude of a difference between the detected value of
the pressure sensor 27 and a preset reference value.
[0048] In the operation example 2, detection of leakage
of refrigerant is carried out when the operation is stopped
immediately after the trial operation, but the invention is
not limited to this. The detection of leakage of refrigerant
is carried out in the above-described method also when
the operation is stopped after normal operation.
[0049] Detection of leakage of refrigerant at the time
of normal operation of the heat medium circulation sys-
tem 100 will be described using Figs. 3 and 4.
[0050] An operation example 3 in Fig. 3 shows transi-
tion of pressure detected by the pressure sensor 27 when
the heat medium circulation system 100 is operated in a
state where refrigerant leaks. In the operation example
3, the control device 35 detects leakage of refrigerant
from the heat pump cycle to the heating cycle when a
difference between a detected value of the pressure sen-
sor 27 at the time of normal operation and a reference
value becomes larger than a predetermined value.
[0051] Here, the reference value may be a detected
value of the pressure sensor 27 when the operation is
stopped after trial operation of the heat medium circula-
tion system 100 is stopped. According to this, by carrying
out trial operation after the heat medium circulation sys-
tem 100 is installed in a user’s house, the reference value
of leakage of refrigerant can be set. Hence, it is possible
to set optimal reference value which is suitable for using
environment of respective users, and it is possible to de-
tect leakage of refrigerant with higher precision.
[0052] When the detected value of the pressure sensor
27 is equal to or greater the predetermined value, the
control device 35 may determine that refrigerant leaks
from the heat pump cycle 24 to the heating cycle 50.

[0053] Operation examples 4 and 5 in Fig. 4 show tran-
sition of pressure detected by the pressure sensor 27
when the heat medium circulation system 100 is operated
under environment which is different from that of the op-
eration example 3.
[0054] As described above, when the difference be-
tween a detected value of the pressure sensor 27 at the
time of normal operation and a reference value is greater
than a predetermined value, or when a detected value
of the pressure sensor 27 at the time of normal operation
is greater than a predetermined value, the control device
35 determines that refrigerant leaks from the heat pump
cycle 24 to the heating cycle 50. In the operation exam-
ples 4 and 5, since the difference between the detected
value of the pressure sensor 27 and the reference value
is smaller than the predetermined value and the detected
value of the pressure sensor 27 is smaller than the pre-
determined value, the control device 35 does not deter-
mine that refrigerant leaks.
[0055] The control device 35 may include an operation
history storage device 70 which stores operation history.
Only when the operation history storage device 70 stores
information that there is operation history, the control de-
vice 35 may determine that refrigerant leaks from the
heat pump cycle 24 to the heating cycle 50.
[0056] With this configuration, detection of leakage of
refrigerant is carried out only when there is operation
history in times past. According to this, it is possible to
prevent erroneous detection caused when pressure rises
at the time of trial operation. For example, in the operation
example 2 in Fig. 2, although the detected value of the
pressure sensor 27 exceeds the predetermined value
(0.3 MPa this time), since there is no operation history in
the operation history storage device 70 at the time of the
trial operation, leakage of refrigerant is not detected.

[INDUSTRIAL APPLICABILITY]

[0057] As described above, according to the heat me-
dium circulation system of the present invention, it is pos-
sible to early find leakage of refrigerant from the heat
pump cycle to the heating cycle, prevent erroneous de-
tection, and inform a user of the leakage. From the stand-
point of enhancement of safety of a user, usability as a
heating system is enhanced.

[EXPLANATION OF SYMBOLS]

[0058]

20 compressor
21 water-refrigerant heat exchanger
22 decompression means
23 air heat exchanger
24 heat pump cycle
25 circulation pump
26 flow rate sensor
27 pressure sensor
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28 relief value
29 purge valve
30 heater unit
31 hot water-going pipe
32 hot water returning pipe
33 water-entering temperature detecting means
34 water-going temperature detecting means
35 control device
37 heating terminal
38 HEMS controller
39 network transceiver
40 network circuit (the Internet)
41 information terminal
42 remote controller
43 indoor unit
44 outdoor unit
50 heating cycle
70 operation history storage device
100 heat medium circulation system

Claims

1. A heat medium circulation system comprising:

a heat pump cycle (24) through which refrigerant
circulates;
a heating cycle (50) through which heat medium
heated by the heat pump cycle (24) circulates
between the heat pump cycle (24) and a heating
terminal (37);
a pressure sensor (27) for detecting pressure of
the heat medium in the heating cycle (50); and
a control device (35), wherein
the control device (35) determines that the re-
frigerant leaks from the heat pump cycle (24) to
the heating cycle (50) based on a detected value
of the pressure sensor (27) which is detected
after a trial operation for operating the heat pump
cycle (24) and the heating cycle (50) is complet-
ed after water is poured to the heating cycle (50).

2. The heat medium circulation system according to
claim 1, wherein the control device (35) determines
that the refrigerant leaks from the heat pump cycle
(24) to the heating cycle (50) based on the detected
value of the pressure sensor (27) which is detected
when the trial operation is stopped.

3. The heat medium circulation system according to
claim 1 or 2, wherein the control device (35) deter-
mines that the refrigerant leaks from the heat pump
cycle (24) to the heating cycle (50) based on the
detected value of the pressure sensor (27) detected
during normal operation which operates the heat
pump cycle (24) and the heating cycle (50).

4. The heat medium circulation system according to

any one of claims 1 to 3, wherein the control device
(35) determines that the refrigerant leaks from the
heat pump cycle (24) to the heating cycle (50) when
the detected value of the pressure sensor (27) is
equal to or greater than a predetermined value.

5. The heat medium circulation system according to
any one of claims 1 to 3, wherein the control device
(35) determines that the refrigerant leaks from the
heat pump cycle (24) to the heating cycle (50) based
on a magnitude of a difference between the detected
value of the pressure sensor (27) and a preset ref-
erence value.

6. The heat medium circulation system according to
claim 5, wherein the reference value is the detected
value of the pressure sensor (27) which is detected
when operation is stopped after the trial operation is
completed.

7. The heat medium circulation system according to
any one of claims 1 to 5, wherein the control device
(35) includes an operation history storage device
(70) which stores operation history, and
the control device (35) determines that the refriger-
ant leaks from the heat pump cycle (24) to the heating
cycle (50) only when the operation history storage
device (70) stores information that there is the oper-
ation history.

8. The heat medium circulation system according to
any one of claims 1 to 7, further comprising a warning
device for informing of the leakage of the refrigerant,
wherein
the control device (35) operates the warning device
when the control device (35) determines that the re-
frigerant leaks from the heat pump cycle (24) to the
heating cycle (50).

9. The heat medium circulation system according to
claim 8, wherein the warning device is provided in a
remote controller(42) or in an information terminal
(41) which can communicate with the control device
(35) through a network.
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