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(54) HEAT PUMP DEVICE

(57) Provided is a heat pump device capable of dis-
charging air in a heat medium circuit regardless of the
height of the positions of two bodies, and capable of pre-
venting a refrigerant from flowing out into a body not
housing a liquid heat exchanger when the refrigerant en-
ters the heat medium circuit in the liquid heat exchanger.
To achieve this, the heat pump device includes: a refrig-
erant pipe connecting a compressor, a decompressor,
an air heat exchanger, and a liquid heat exchanger cir-
cularly; a heat medium pipe connecting the liquid heat
exchanger and a pump circularly; first and second air

vent valves capable of discharging gas in the heat me-
dium pipe to the outside; a first body housing the com-
pressor, the decompressor, the air heat exchanger, the
liquid heat exchanger, the refrigerant pipe, and the first
air vent valve; and a second body housing the second
air vent valve. The pump causes the liquid heat medium
to flow in a predetermined circulatory direction in the heat
medium pipe, and the liquid heat exchanger, the first air
vent valve, and the second air vent valve are arranged
in this order along the circulatory direction.



EP 3 505 846 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[Technical Field]

[0001] The present invention relates to a heat pump
device.

[Background Art]

[0002] There has been known a heat pump device of
the prior art including: a heat pump heat source unit that
forms a refrigerant circuit by connecting, through piping,
a compressor that compresses a refrigerant, an air heat
exchanger that exchanges heat between air and the re-
frigerant, a water heat exchanger that exchanges heat
between the refrigerant and water, and a throttle device
that adjusts the pressure of the refrigerant flowing in the
water heat exchanger; a water heater that includes a
pump for causing the water having been subjected to
heat exchange in the water heat exchanger to flow, forms
a water circuit that supplies the heat-exchanged water
together with the water heat exchanger, and includes an
air vent valve for discharging the air in the water circuit;
and a control device including an external contact termi-
nal for inputting a signal indicating the operation permis-
sion of the heat pump heat source unit and the water
heater, wherein a signal is input to the external contact
terminal when the air vent valve is arranged outdoors (for
example, see PTL 1).

[Citation List]

[Patent Literature]

[0003] [PTL 1] Japanese Patent Application Publica-
tion No. 2013-167395

[Summary of Invention]

[Technical Problem]

[0004] As described above, in the heat pump device
disclosed in PTL 1, when the air vent valve for discharging
the air in the water circuit for supplying the water that has
exchanged heat in the water heat exchanger is arranged
outdoors, a signal indicating the operation permission is
input to the control device and the operation of the heat
pump heat source unit and the water heater becomes
possible. The refrigerant circuit, the water heat exchang-
er, and a part of the water circuit are housed in a body
(first body) of the heat pump heat source unit, and a part
of the water circuit and the air vent valve are housed in
a body (second body) of the water heater.
[0005] However, in the heat pump device as above,
the air moves to a high place in the water circuit due to
buoyancy, and hence the air in the water circuit cannot
be discharged from the air vent valve in the second body
unless the second body is arranged in a higher place

than the first body. When the refrigerant in the refrigerant
circuit enters the water circuit in the water heat exchanger
due to damage and the like of the water heat exchanger,
there is a fear that the refrigerant that has entered the
water circuit flows out into the second body from the air
vent valve, that is, there is a fear that the refrigerant flows
out not only into the first body housing the damaged water
heat exchanger but also into the second body not housing
the water heat exchanger.
[0006] The present invention has been made in order
to solve the problem as above, and obtains a heat pump
device including two bodies, that is, a body housing a
refrigerant circuit, a liquid heat exchanger, and a part of
a liquid heat medium circuit, and a body housing a part
of a liquid heat medium circuit and an air vent valve, the
heat pump device being able to discharge air accumu-
lated in the liquid heat medium circuit to the outside of
the liquid heat medium circuit regardless of the height
relationship between the installation positions of the two
bodies, and prevent, even when a refrigerant in the re-
frigerant circuit enters the liquid heat medium circuit in
the liquid heat exchanger due to the damage and the like
of the liquid heat exchanger, the refrigerant that has en-
tered the liquid heat medium circuit from flowing out into
the body not housing the liquid heat exchanger.

[Solution to Problem]

[0007] A heat pump device according to the present
invention includes: a compressor configured to compress
refrigerant; a decompressor configured to decompress
the refrigerant; an air heat exchanger configured to ex-
change heat between the refrigerant and air; a liquid heat
exchanger configured to exchange heat between the re-
frigerant and liquid heat medium; a refrigerant pipe con-
necting the compressor, the decompressor, the air heat
exchanger and the liquid heat exchanger circularly, the
refrigerant pipe filled with the refrigerant; a pump config-
ured to cause the liquid heat medium flowing in the liquid
heat exchanger; a heat medium pipe connecting the liq-
uid heat exchanger and the pump circularly, the heat me-
dium pipe filled with the liquid heat medium; a first air
vent valve and a second air vent valve which are able to
discharge gas in the heat medium pipe outside; a first
body housing the compressor, the decompressor, the air
heat exchanger, the liquid heat exchanger, the refrigerant
pipe and the first air vent valve, and a second body ar-
ranged outside of the first body, the second body housing
the second air vent valve, the pump configured to cause
the liquid heat medium flowing in predetermined circula-
tory direction in the heat medium pipe, the liquid heat
exchanger, the first air vent valve and the second air vent
valve arranged in this order along the circulatory direc-
tion.

[Advantageous Effects of Invention]

[0008] The heat pump device according to the present
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invention exhibits an effect in which the air accumulated
in the liquid heat medium circuit can be discharged to the
outside of the liquid heat medium circuit regardless of
the height relationship between the installation positions
of the two bodies, and, even when the refrigerant in the
refrigerant circuit enters the liquid heat medium circuit in
the water heat exchanger due to the damage and the like
of the liquid heat exchanger, the refrigerant that has en-
tered the liquid heat medium circuit can be prevented
from flow out into the body not housing the liquid heat
exchanger.

[Brief Description of the Drawings]

[0009]

Fig. 1 is a view illustrating the internal configuration
of an outdoor unit and an indoor unit of an air con-
ditioning apparatus to which a heat pump device ac-
cording to Embodiment 1 of the present invention is
applied.
Fig. 2 is a view illustrating a modified example of the
internal configuration of the outdoor unit and the in-
door unit of the air conditioning apparatus to which
the heat pump device according to Embodiment 1
of the present invention is applied.
Fig. 3 illustrates the internal configuration of an out-
door unit and an indoor unit of an air conditioning
apparatus to which a heat pump device according
to Embodiment 2 of the present invention is applied.
Fig. 4 is a view illustrating a modified example of the
internal configuration of the outdoor unit and the in-
door unit of the air conditioning apparatus to which
the heat pump device according to Embodiment 2
of the present invention is applied.

[Description of Embodiments]

[0010] Embodiments of the present invention are de-
scribed with reference to the accompanying drawings.
The same or corresponding parts are denoted by the
same reference symbols, and overlapping descriptions
are simplified or omitted, as appropriate, throughout the
drawings . The present invention is not limited to the fol-
lowing embodiments, and various modifications can be
made without departing from the spirit of the present in-
vention.

Embodiment 1

[0011] Fig. 1 and Fig. 2 are views according to Embod-
iment 1 of the present invention. Fig. 1 is a view illustrating
the internal configuration of an outdoor unit and an indoor
unit of an air conditioning apparatus to which a heat pump
device is applied, and Fig. 2 is a view illustrating a mod-
ified example of the internal configuration of the outdoor
unit and the indoor unit of the air conditioning apparatus
to which the heat pump device is applied.

[0012] A case where the heat pump device according
to the present invention is applied to the air conditioning
apparatus is described below as an example. The heat
pump device according to the present invention can be
a water heater, a display case, a refrigerator, and a chiller
system, for example, besides the air conditioning appa-
ratus.
[0013] The air conditioning apparatus includes an out-
door unit 1 and an indoor unit 2. The indoor unit 2 is
installed in a room, the air of which is to be conditioned.
The outdoor unit 1 is installed outside the room. The out-
door unit 1 includes a refrigerant pipe 3, a compressor
4, a four-way valve 5, an outdoor heat exchanger 6, an
outdoor fan 7, an expansion valve 8, a pump 9, and a
water heat exchanger 10. The indoor unit 2 includes an
indoor heat exchanger 13 and an indoor fan 18.
[0014] A refrigerant is charged in the refrigerant pipe
3. As the refrigerant charged in the refrigerant pipe 3, a
refrigerant having a small global warming potential
(GWP) is desired to be used in terms of protection of the
global environment. The refrigerant has a heavier aver-
age molecular weight than air (greater density than air),
and has a property of sinking downward in the direction
of gravity (vertical direction) in the air.
[0015] As a refrigerant as above, specifically, a (mixed)
refrigerant including one or more refrigerants selected
from tetrafluoropropene (CF3CF=CH2:HFO-1234yf), di-
fluoromethane (CH2F2:R32), propane (R290), propyl-
ene (R1270), ethane (R170), butane (R600), isobutane
(R600a), 1.3.3.3-tetrafluoro-1-propene (CF3-
CH=CHF:HFO-1234ze), and the like can be used, for
example. Those refrigerants include refrigerants flamma-
ble (slightly flammable or highly flammable) refrigerants.
[0016] The refrigerant pipe 3 circularly connects the
compressor 4, the expansion valve 8, the outdoor heat
exchanger 6, and the water heat exchanger 10. There-
fore, a refrigerant circuit in which the refrigerant circulates
between the outdoor heat exchanger 6 and the water
heat exchanger 10 is formed. The compressor 4 is a de-
vice that enhances the pressure and the temperature of
the supplied refrigerant by compressing the refrigerant.
A rotary compressor or a scroll compressor can be used
as the compressor 4, for example. The expansion valve
8 reduces the pressure of the refrigerant that is flowing
into the expansion valve 8 by expanding the refrigerant.
That is, the expansion valve 8 is a decompressor that
decompresses the refrigerant.
[0017] The outdoor heat exchanger 6 is an air heat
exchanger that exchanges heat between the refrigerant
flowing into the outdoor heat exchanger 6 and the air.
The outdoor fan 7 generates an air flow in an air passage
in an outdoor unit body described below, and blows air
so that the outside air passes through the outdoor heat
exchanger 6. The outdoor heat exchanger 6 exchanges
heat between the refrigerant flowing in the outdoor heat
exchanger 6 and the outdoor air transmitted from the
outdoor fan 7 by evaporating or condensing the refriger-
ant, and cools or heats the air.
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[0018] The outdoor unit 1 and the indoor unit 2 are
connected to each other by a water pipe 12. The water
pipe 12 is circulatory provided between the water heat
exchanger 10 of the outdoor unit 1 and the indoor heat
exchanger 13 of the indoor unit 2. The water pipe 12 is
charged with water serving as the liquid heat medium.
That is, the water pipe 12 is a heat medium pipe filled
with the water serving as the liquid heat medium. The
water is an example of the liquid heat medium. As the
liquid heat medium, brine and the like may be used be-
sides water.
[0019] The water heat exchanger 10 is a liquid heat
exchanger that exchanges heat between the refrigerant
and the water serving as the liquid heat medium. As the
water heat exchanger 10, a plate-type heat exchanger
or a double-pipe heat exchanger having high heat ex-
change efficiency are used, for example.
[0020] The pump 9 is provided in the water pipe 12.
The pump 9 is for causing the water serving as the liquid
heat medium to flow though the water heat exchanger
10 serving as the liquid heat exchanger. The water pipe
12 serving as the heat medium pipe circularly connects
the water heat exchanger 10 and the pump 9 to each
other. Therefore, a water circuit in which the water circu-
lates between the indoor heat exchanger 13 and the wa-
ter heat exchanger 10 by the pump 9 is formed. The pump
9 causes the water (liquid heat medium) to flow in the
water pipe 12 (heat medium pipe) circularly formed as
above in a predetermined circulatory direction. The cir-
culatory direction is herein the direction indicated by ar-
row A in Fig. 1.
[0021] The indoor heat exchanger 13 exchanges heat
between the water flowing into the indoor heat exchanger
13 and the air. The indoor fan 18 generates an air flow
in an air passage in an indoor unit body described below,
and blows air so that the outside air passes through the
indoor heat exchanger 13. The indoor heat exchanger
13 exchanges heat with the indoor air transmitted from
the indoor fan 18 by exchanging heat between the high-
temperature or low-temperature water flowing into the
indoor heat exchanger 13 and the indoor air.
[0022] The outdoor unit 1 includes an outdoor unit
body. The outdoor unit body serves as a first body. The
refrigerant pipe 3, the compressor 4, the four-way valve
5, the outdoor heat exchanger 6, the outdoor fan 7, the
expansion valve 8, the pump 9, the water heat exchanger
10, and a part of the water pipe 12 are housed in the
outdoor unit body serving as the first body. The indoor
unit 2 includes an indoor unit body. The indoor unit body
serves as a second body. The indoor heat exchanger 13,
the indoor fan 18, and a part of the water pipe 12 are
housed in the indoor unit body serving as the second
body. The indoor unit body is provided separately from
the outdoor unit body. In other words, the indoor unit body
serving as the second body is provided outside the out-
door unit body serving as the first body.
[0023] An inlet port and an outlet port that cause the
inside and the outside of the outdoor unit body to com-

municate with each other are formed in the outdoor unit
body. An air passage that passes from the inlet port to
the outlet port through the outdoor heat exchanger 6 and
the outdoor fan 7 is formed in the outdoor unit body. That
is, the air passage is for discharging the air, taken from
the outside of the outdoor unit body, to the outside of the
outdoor unit body after exchanging the heat of the air in
the outdoor heat exchanger 6. An inlet port, an outlet
port, and an air passage are similarly formed also for the
indoor unit body.
[0024] The air conditioning apparatus to which the heat
pump device according to Embodiment 1 of the present
invention is applied further includes an outdoor-side air
vent valve 11 and an indoor-side air vent valve 14. The
outdoor-side air vent valve 11 and the indoor-side air vent
valve 14 are valves capable of discharging gas such as
the air in the water pipe 12 serving as the heat medium
pipe to the outside. The outdoor-side air vent valve 11
and the indoor-side air vent valve 14 are pressure regu-
lating valves, for example. The pressure regulating valve
is a self-control valve capable of keeping the internal
pressure of the water pipe 12 constant by opening the
water pipe 12 when the internal pressure of the water
pipe 12 becomes equal to or more than a preset value.
[0025] When there is air in the water pipe 12 and the
like of the water circuit, smooth distribution of the water
is inhibited. When the air enters the pump 9, there is a
fear of idling (so-called "air entrainment"), thereby pre-
venting the water to circulate. For example, the inside of
the air vent valve is normally filled with water, and is
sealed by an opening portion and a float coming into close
contact with each other. When air is accumulated in the
air vent valve, the float comes down to the water surface
position while floating in the water. As a result, a gap is
formed between the opening portion and the float, and
only the air is discharged to the outside.
[0026] The outdoor-side air vent valve 11 serves as a
first air vent valve. The indoor-side air vent valve 14
serves as a second air vent valve. The outdoor-side air
vent valve 11 and the indoor-side air vent valve 14 are
both provided in the water pipe 12 serving as the heat
medium pipe. The outdoor-side air vent valve 11 is pro-
vided in a part of the water pipe 12 that is housed in the
outdoor unit body. In other words, the outdoor-side air
vent valve 11 serving as the first air vent valve is housed
in the outdoor unit body serving as the first body.
[0027] The indoor-side air vent valve 14 is provided in
a part of the water pipe 12 that is housed in the indoor
unit body. In other words, the indoor-side air vent valve
14 serving as the second air vent valve is housed in the
indoor unit body serving as the second body.
[0028] The water heat exchanger 10, the outdoor-side
air vent valve 11 and the indoor-side air vent valve 14
are arranged in the order of the water heat exchanger
10, the outdoor-side air vent valve 11, and the indoor-
side air vent valve 14 along a circulatory direction A of
the water in the water circuit described above. Therefore,
when the pump 9 operates, the water in the water circuit
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flows so as to pass through the water heat exchanger
10, the outdoor-side air vent valve 11, and the indoor-
side air vent valve 14 in this order.
[0029] The refrigerant circuit and the water circuit
formed as above function as a heat pump that transfers
heat between the indoor unit 2 and the outdoor unit 1 by
exchanging heat between the refrigerant and the air in
the outdoor heat exchanger 6, exchanging heat between
the refrigerant and the water in the water heat exchanger
10, and exchanging heat between the water and the air
in the indoor heat exchanger 13. That is, an indirect heat
pump device using a primary circuit (refrigerant circuit)
in which a flammable refrigerant circulates and a sec-
ondary circuit in which a nonflammable heat medium (wa-
ter herein) circulates is obtained. At this time, by switching
the four-way valve 5, the circulatory direction of the re-
frigerant in the refrigerant circuit can be reversed, and
the operation can be switched between the cooling op-
eration and the heating operation.
[0030] First, during the cooling operation, in the refrig-
erant circuit on the primary side, the refrigerant becomes
a high-temperature and high-pressure refrigerant by the
compressor 4 and flows into the outdoor heat exchanger
6 through the four-way valve 5. At this time, the outdoor
heat exchanger 6 functions as a condenser, and con-
denses the refrigerant flowing into the outdoor heat ex-
changer 6. That is, the high-temperature refrigerant flow-
ing into the outdoor heat exchanger 6 condenses by ex-
changing heat with the low-temperature outside air, and
becomes a liquid refrigerant.
[0031] The liquid refrigerant expands through the ex-
pansion valve 8, and becomes a refrigerant in a gas-
liquid two-phase state in which a gas phase and a liquid
phase are mixed at low temperature and low pressure.
The low-temperature gas-liquid two-phase refrigerant
flows into the water heat exchanger 10, exchanges heat
with the water circulating in the water circuit, evaporates,
and becomes a gas refrigerant. The water in the water
circuit is cooled through the heat exchange. That is, the
water heat exchanger 10 functions as a heat absorber
that absorbs heat from the water in the water circuit, and
cools the water. The gas refrigerant flows into the com-
pressor 4 again through the four-way valve 5, and be-
comes a high-temperature high-pressure refrigerant.
[0032] In the water circuit, the water is circulated by
the pressure generated by the pump. The water that has
become low-temperature water by being cooled by the
water heat exchanger 10 flows into the water pipe 12 in
the indoor unit body from the water pipe 12 in the outdoor
unit body through the outdoor-side air vent valve 11 while
maintaining the low temperature thereof. The low-tem-
perature water flowing in the water pipe 12 in the indoor
unit body flows into the indoor heat exchanger 13 through
the indoor-side air vent valve 14.
[0033] The water flowing into the indoor heat exchang-
er 13 is heated by exchanging heat with the indoor air.
At this time, the indoor air is cooled. The heated water
proceeds to the water pipe 12 in the outdoor unit body,

flows into the water heat exchanger 10 again through the
pump 9, and is cooled, thereby becoming low-tempera-
ture water.
[0034] Next, in the heating operation, in the refrigerant
circuit on the primary side, the refrigerant becomes a
high-temperature and high-pressure refrigerant by the
compressor 4 and flows into the water heat exchanger
10 through the four-way valve 5. The refrigerant flowing
into the water heat exchanger 10 condenses by exchang-
ing heat with the water circulating in the water circuit, and
becomes a liquid refrigerant. At this time, the water cir-
culating in the water circuit is heated. That is, the water
heat exchanger 10 functions as a radiator, and heats the
water flowing in the water circuit.
[0035] The liquid refrigerant expands through the ex-
pansion valve 8 and becomes a low-temperature and
low-pressure gas-liquid two-phase refrigerant. The gas-
liquid two-phase refrigerant flows into the outdoor heat
exchanger 6. At this time, the outdoor heat exchanger 6
functions as an evaporator, and evaporates the refriger-
ant flowing into the outdoor heat exchanger 6. That is,
the gas-liquid two-phase refrigerant flowing into the out-
door heat exchanger 6 evaporates by exchanging heat
with the outside air, and becomes a gas refrigerant. The
gas refrigerant flows into the compressor 4 again through
the four-way valve 5 and becomes a high-temperature
and high-pressure refrigerant.
[0036] In the water circuit, the water in the water circuit
is circulated by the pressure generated by the pump 9.
First, low-temperature water cooled in the water heat ex-
changer 10 flows to the water pipe 12 in the indoor unit
body from the water pipe 12 in the outdoor unit body
through the outdoor-side air vent valve 11 while main-
taining the high temperature thereof. The high-tempera-
ture water flowing in the water pipe 12 in the indoor unit
body flows into the indoor heat exchanger 13 through the
indoor-side air vent valve 14.
[0037] The water flowing into the indoor heat exchang-
er 13 is cooled by exchanging heat with the indoor air.
At this time, the indoor air is heated. The cooled water
proceeds to the water pipe 12 in the outdoor unit body,
flows into the water heat exchanger 10 again through the
pump 9, and is heated, thereby becoming high-temper-
ature water.
[0038] The low-temperature refrigerant flows into the
water heat exchanger 10 in the cooling operation and the
like. At this time, a refrigerant that is 0 degrees Celsius
(the freezing point of the water) or below may flow into
the water heat exchanger 10. In that case, there is a fear
that the water circulating in the water circuit freezes, and
the water heat exchanger 10 becomes damaged due to
the expansion of the volume of the water by the freezing.
In addition, for example, the water heat exchanger 10
may be damaged due to degradation over time, external
stress, and the like.
[0039] When the water heat exchanger 10 is damaged,
the flow path of the refrigerant and the flow path of the
water in the water heat exchanger 10 may communicate
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with each other. In that case, the internal pressure of the
refrigerant pipe 3 is higher than the internal pressure of
the water pipe 12, and hence there is a fear that the re-
frigerant in the refrigerant pipe 3 of the refrigerant circuit
enters the water pipe 12 of the water circuit.
[0040] The refrigerant flowing into the water heat ex-
changer 10 in the heating operation is a high-temperature
and high-pressure gas refrigerant compressed by the
compressor 4. Therefore, when the flow path of the re-
frigerant and the flow path of the water in the water heat
exchanger 10 communicate with each other due to dam-
age of the water heat exchanger 10 in the heating oper-
ation, the refrigerant in the gas state enters the water
pipe 12 of the water circuit and the refrigerant that has
entered the water pipe 12 flows in the water circuit while
remaining as gas.
[0041] The refrigerant flowing into the water heat ex-
changer 10 in the cooling operation is a low-temperature
gas-liquid two-phase refrigerant. Therefore, when the
flow path of the refrigerant and the flow path of the water
in the water heat exchanger 10 communicate with each
other due to damage of the water heat exchanger 10 in
the cooling operation, the refrigerant in the gas-liquid two-
phase state enters the water pipe 12 of the water circuit.
Out of the refrigerant, the refrigerant in the liquid phase
evaporates by being heated by the water when entering
the water pipe 12. Meanwhile, the refrigerant in the gas
phase remains to be gas. Therefore, the refrigerant that
has entered the water pipe 12 flows in the water circuit
in the gas state also in the cooling operation. That is, the
refrigerant that has entered the water pipe 12 flows in
the water circuit in the gas state in both of the heating
operation and the cooling operation.
[0042] The gas refrigerant that has entered the water
circuit in the water heat exchanger 10 flows toward the
indoor unit 2 from the outdoor unit 1 along the circulatory
direction A described above by the pressure generated
by the pump 9. As described above, the water heat ex-
changer 10, the outdoor-side air vent valve 11, and the
indoor-side air vent valve 14 are arranged along the cir-
culatory direction A in the order of the water heat ex-
changer 10, the outdoor-side air vent valve 11, and the
indoor-side air vent valve 14. Therefore, the gas refrig-
erant that has entered the water circuit in the water heat
exchanger 10 reaches the outdoor-side air vent valve 11
first before reaching the indoor-side air vent valve 14.
[0043] The refrigerant that has reached the outdoor-
side air vent valve 11 is gas, and hence the refrigerant
is discharged to the outside of the water pipe 12 due to
the operation of the outdoor-side air vent valve 11 de-
scribed above. The outdoor-side air vent valve 11 is
housed in the body of the outdoor unit 1 serving as the
first body as described above. Therefore, the refrigerant
discharged from the outdoor-side air vent valve 11 is first
transferred into the body of the outdoor unit 1, and is
eventually discharged to a place in which the body of the
outdoor unit 1 is installed, that is, the outdoor space here-
in.

[0044] As described above, the gas refrigerant that has
entered the water circuit in the water heat exchanger 10
is discharged by the outdoor-side air vent valve 11, and
hence the refrigerant does not reach the indoor-side air
vent valve 14, and only the water flows to the indoor-side
air vent valve 14. Therefore, even when the gas refrig-
erant enters the water circuit in the water heat exchanger
10, the refrigerant is not discharged from the indoor-side
air vent valve 14. The indoor-side air vent valve 14 is
housed in the body of the indoor unit 2 serving as the
second body as described above. Therefore, the refrig-
erant not being discharged from the indoor-side air vent
valve 14 means that the refrigerant is not discharged into
the body of the indoor unit 2, and the refrigerant can be
prevented from being discharged to the indoor space
when the indoor unit 2 is installed.
[0045] As described above, in the heat pump device
according to Embodiment 1 of the present invention, the
water pipe 12 of the secondary circuit is circulatory pro-
vided between the body of the outdoor unit 1 that is the
first body housing the refrigerant pipe 3 and the water
heat exchanger 10 of the primary circuit and the body of
the indoor unit 2 serving as the second body. When the
body of the outdoor unit 1 is at a relatively higher position
than the body of the indoor unit 2, the air accumulated in
the water pipe 12 is gathered to the side of the body of
the outdoor unit 1 in the water pipe 12 due to buoyancy,
and is discharged to the outside from the outdoor-side
air vent valve 11 housed in the body of the outdoor unit 1.
[0046] On the other hand, when the body of the outdoor
unit 1 is at relatively higher position than the body of the
indoor unit 2, the air accumulated in the water pipe 12 is
gathered to the side of the body of the indoor unit 2 in
the water pipe 12 due to buoyancy, and is discharged to
the outside from the indoor-side air vent valve 14 housed
in the body of the indoor unit 2. Therefore, the air accu-
mulated in the water pipe 12 can be discharged to the
outside of the water pipe 12 regardless of the height re-
lationship between the installation positions of the bod-
ies, that is, the outdoor unit 1 (first body) and the indoor
unit 2 (second body).
[0047] Even when the refrigerant in the refrigerant pipe
3 enters the water pipe 12 in the water heat exchanger
10, the refrigerant can be discharged from the outdoor-
side air vent valve 11 before the refrigerant flows to the
indoor unit 2, and the refrigerant that has entered the
water pipe 12 can be prevented from being discharged
into the body of the indoor unit 2 from the indoor-side air
vent valve 14 as described above.
[0048] When the refrigerant enters the water circuit in
the water heat exchanger 10, the internal pressure of the
water pipe 12 of the water circuit rises overall. Therefore,
when the outdoor-side air vent valve 11 is a pressure
regulating valve, the internal pressure of the water pipe
12 rises due to the refrigerant entering the water circuit.
When the internal pressure of the water pipe 12 becomes
equal to or more than a preset working pressure, the
outdoor-side air vent valve 11 operates and opens the
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water pipe 12. As a result, the refrigerant in the water
pipe 12 is discharged to the outside. In that case, the
working pressure of the outdoor-side air vent valve 11 is
adjusted so that the outdoor-side air vent valve 11 oper-
ates before the gas refrigerant that has entered the water
circuit reaches the indoor-side air vent valve 14.
[0049] When the pump 9 is connected between the
water heat exchanger 10 and the outdoor-side air vent
valve 11, there is a fear that the gas refrigerant that has
entered the water circuit in the water heat exchanger 10
flows into the pump 9 and the idling (air entrainment) of
the pump 9 is caused, thereby preventing a water flow
along the circulatory direction A from being generated in
the water circuit. When the pump 9 cannot generate a
water flow along the circulatory direction A, there is a fear
that the refrigerant that has entered the water circuit flows
in a direction opposite to the circulatory direction A due
to buoyancy and the like. When the refrigerant that has
entered the water circuit flows in a direction opposite to
the circulatory direction A, the refrigerant reaches the
indoor-side air vent valve 14 before reaching the outdoor-
side air vent valve 11, and the refrigerant is discharged
into the body of the indoor unit 2 from the indoor-side air
vent valve 14.
[0050] Thus, in order to prevent the situation as above
from occurring, it is preferred that the pump 9 be con-
nected to a place other than the place between the water
heat exchanger 10 and the outdoor-side air vent valve
11 in the water circuit. For example, it is preferred that
the pump 9 be connected to a place on the upstream of
the water heat exchanger 10 along the circulatory direc-
tion A as illustrated in Fig. 1. That is, it is preferred that
the pump 9, the water heat exchanger 10, the outdoor-
side air vent valve 11, and the indoor-side air vent valve
14 be arranged in this order along the circulatory direction
A.
[0051] By the configuration as above, when the pump
9 operates, the water in the water circuit flows so as to
pass through the water heat exchanger 10, the outdoor-
side air vent valve 11, and the indoor-side air vent valve
14 in this order. Therefore, when the gas refrigerant en-
ters the water circuit in the water heat exchanger 10 dur-
ing the operation of the pump 9, the gas refrigerant does
not flow to the pump 9 but flows to the outdoor-side air
vent valve 11 from the water heat exchanger 10 along
the circulatory direction A. Therefore, the gas refrigerant
reaches the outdoor-side air vent valve 11 before reach-
ing the pump 9, and is discharged to the outside of the
water circuit from the outdoor-side air vent valve 11. As
a result, a case where a backward flow of the refrigerant
is generated due to the idling of the pump 9 caused by
the refrigerant that has entered the water circuit can be
prevented, and the gas refrigerant can be discharged
from the outdoor-side air vent valve 11 before reaching
the indoor unit 2 more reliably.
[0052] Next, a modified example of the air conditioning
apparatus to which the heat pump device according to
Embodiment 1 is applied is described with reference to

Fig. 2. In the example illustrated in Fig. 2, the outdoor-
side air vent valve 11 serving as the first air vent valve
is arranged in an air passage in the outdoor unit body.
The outdoor-side air vent valve 11 is particularly arranged
on the windward of the outdoor heat exchanger 6 in the
air passage. By the configuration as above, the refriger-
ant discharged into the body of the outdoor unit 1 from
the outdoor-side air vent valve 11 can be effectively ag-
itated by blowing air by the outdoor fan 7, and the gen-
eration of an area in which the concentration of the re-
frigerant is high in the outdoor space can be suppressed.
[0053] At this time, it is preferred that the outdoor-side
air vent valve 11 be particularly arranged on the windward
of the outdoor heat exchanger 6 in the air passage. For
example, in the cooling operation, the outdoor heat ex-
changer 6 becomes relatively high in temperature, and
the inside of the water pipe 12 becomes relatively low in
temperature. When the outdoor-side air vent valve 11 is
arranged in the air passage, the water pipe 12 at the
place where the outdoor-side air vent valve 11 is provided
is also arranged in the air passage. Therefore, when the
outdoor-side air vent valve 11 is arranged on the leeward
of the outdoor heat exchanger 6 in the air passage, the
water pipe 12 at the place where the outdoor-side air vent
valve 11 is provided is heated by warm air in the air pas-
sage that has passed through the outdoor heat exchang-
er 6, and the temperature of the water in the water pipe
12 rises. As a result, the efficiency is degraded. There-
fore, as described above, it is preferred that the outdoor-
side air vent valve 11 be arranged on the windward of
the outdoor heat exchanger 6 in the air passage.

Embodiment 2

[0054] Fig. 3 and Fig. 4 are views according to Embod-
iment 2 of the present invention. Fig. 3 illustrates the in-
ternal configuration of an outdoor unit and an indoor unit
of an air conditioning apparatus to which a heat pump
device is applied, and Fig. 4 is a view illustrating a mod-
ified example of the internal configuration of the outdoor
unit and the indoor unit of the air conditioning apparatus
to which the heat pump device is applied.
[0055] In Embodiment 2 described here, a shut-off
valve is provided in the heat medium circuit (water circuit)
in addition to the configuration of Embodiment 1 de-
scribed above. Differences from Embodiment 1 are main-
ly described below for the heat pump device according
to Embodiment 2.
[0056] As illustrated in Fig. 3, Embodiment 2 includes
a first shut-off valve 15a. The first shut-off valve 15a is a
valve capable of closing the water pipe 12 serving as the
heat medium pipe. The first shut-off valve 15a, the water
heat exchanger 10, the outdoor-side air vent valve 11,
and the indoor-side air vent valve 14 are arranged along
the circulatory direction A in the order of the first shut-off
valve 15a, the water heat exchanger 10, the outdoor-side
air vent valve 11, and the indoor-side air vent valve 14.
For example, the first shut-off valve 15a is provided in
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the water pipe 12 between the indoor heat exchanger 13
and the pump 9 in the water circuit.
[0057] The operation of the first shut-off valve 15a, that
is, the closing and the opening of the valve is controlled
by a control device 20, for example. A signal relating to
the operation state of the pump 9 is input to the control
device 20. That is, when the pump 9 starts to operate,
the pump operation signal is input to the control device
20. When the pump 9 stops the operation, a pump stop-
ping signal is input to the control device 20.
[0058] When the pump operation signal is input to the
control device 20, the control device 20 opens the first
shut-off valve 15a. When the pump stopping signal is
input to the control device 20, the control device 20 closes
the first shut-off valve 15a. Therefore, the first shut-off
valve 15a closes the water pipe 12 serving as the heat
medium pipe when the pump 9 stops.
[0059] The control device 20 includes an electric circuit
for realizing the functions as above. As the electric circuit
as above, an electric circuit including a microcomputer
including a processor and a memory may be used, for
example. In that case, the control device 20 realizes the
functions described above by executing preset process-
ing by executing a program stored in the memory by the
processor.
[0060] Other configurations are similar to that of Em-
bodiment 1, and detailed descriptions thereof are omit-
ted.
[0061] In the heat pump device formed as above, when
the operation of the pump 9 stops when the operation of
the heat pump device stops, for example, the first shut-
off valve 15a closes the water pipe 12. In this state, the
outdoor-side air vent valve 11 is connected to the water
pipe 12 on one side (the side of the circulatory direction
A) when seen from the water heat exchanger 10. The
water pipe 12 on the other side (the side opposite to the
circulatory direction A) when seen from the water heat
exchanger 10 is closed by the first shut-off valve 15a.
[0062] Therefore, when the refrigerant enters the water
pipe 12 of the water circuit in the water heat exchanger
10 due to damage of the water heat exchanger 10 when
the pump 9 is stopped, the refrigerant reaches the out-
door-side air vent valve 11 before reaching the indoor-
side air vent valve 14 and is discharged from the outdoor-
side air vent valve 11 if the refrigerant transfers in the
circulatory direction A in the water pipe 12.
[0063] Even when the refrigerant transfers in the water
pipe 12 in a direction opposite to the circulatory direction
A because there is no water flow by the pump 9, the first
shut-off valve 15a blocks the transfer of the refrigerant.
When the refrigerant further continues to enter the water
circuit, the refrigerant starts to accumulate in the water
pipe 12 between the first shut-off valve 15a and the place
in the water circuit where the refrigerant enters. In the
area in which the refrigerant is accumulated in the water
circuit, one end is at the position of the first shut-off valve
15a, and the other end gradually transfers in the same
direction as the circulatory direction A as the amount of

the refrigerant increases. When the other end of the area
in which the refrigerant is accumulated reaches the out-
door-side air vent valve 11, the refrigerant is discharged
to the outside from the outdoor-side air vent valve 11.
[0064] As described above, by closing the water pipe
12 by the first shut-off valve 15a arranged on the side
opposite to the circulatory direction A when seen from
the water heat exchanger 10 when the pump 9 is stopped,
the following is obtained. That is, even when the refrig-
erant enters the water pipe 12 in the water heat exchang-
er 10 when the pump 9 is stopped, the refrigerant can be
prevented from being discharged into the body of the
indoor unit 2 from the indoor-side air vent valve 14 and
the refrigerant can be discharged from the outdoor-side
air vent valve 11 more reliably.
[0065] Next, a modified example of the air conditioning
apparatus to which the heat pump device according to
Embodiment 2 is applied is described with reference to
Fig. 4. The example illustrated in Fig. 4 includes a second
shut-off valve 15b in addition to the first shut-off valve
15a. The second shut-off valve 15b is also a valve capa-
ble of closing the water pipe 12 serving as the heat me-
dium pipe as with the first shut-off valve 15a. The first
shut-off valve 15a, the water heat exchanger 10, the out-
door-side air vent valve 11, the second shut-off valve
15b, and the indoor-side air vent valve 14 are arranged
along the circulatory direction A in the order of the first
shut-off valve 15a, the water heat exchanger 10, the out-
door-side air vent valve 11, the second shut-off valve
15b, and the indoor-side air vent valve 14. For example,
the second shut-off valve 15b is herein provided in the
water pipe 12 between the outdoor-side air vent valve 11
and the indoor-side air vent valve 14 in the water circuit.
[0066] When the pump operation signal is input to the
control device 20, the control device 20 closes the first
shut-off valve 15a and the second shut-off valve 15b.
When the pump stopping signal is input to the control
device 20, the control device 20 closes the first shut-off
valve 15a and the second shut-off valve 15b. Therefore,
the first shut-off valve 15a and the second shut-off valve
15b close the water pipe 12 serving as the heat medium
pipe when the pump 9 is stopped.
[0067] In the heat pump device formed as above, when
the operation of the pump 9 stops when the operation of
the heat pump device stops, for example, the first shut-
off valve 15a and the second shut-off valve 15b close the
water pipe 12. In this state, the side on which the pump
9, the water heat exchanger 10, and the outdoor-side air
vent valve 11 are arranged, and the side on which the
indoor heat exchanger 13 and the indoor-side air vent
valve 14 are arranged in the water circuit are completely
separated from each other by the first shut-off valve 15a
and the second shut-off valve 15b.
[0068] Therefore, the refrigerant that has entered the
water pipe 12 of the water circuit in the water heat ex-
changer 10 when the pump 9 is stopped does not flow
to the side on which the indoor heat exchanger 13 and
the indoor-side air vent valve 14 are arranged. As a result,
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the refrigerant can be prevented from being discharged
into the body of the indoor unit 2 from the indoor-side air
vent valve 14 and the refrigerant can be discharged from
the outdoor-side air vent valve 11 more reliably.
[0069] At this time, when the first shut-off valve 15a
and the second shut-off valve 15b are arranged in the
body of the outdoor unit 1, the part of the water circuit
housed in the body of the indoor unit 2 can be separated
when those shut-off valves are closed. Therefore, the
refrigerant that has entered the water pipe 12 of the water
circuit in the water heat exchanger 10 not only can be
prevented from reaching the indoor-side air vent valve
14, but the refrigerant can also be prevented from enter-
ing the water pipe 12 housed in the body of the indoor
unit 2.
[0070] The conditions for closing the first shut-off valve
15a and the like may be conditions other stopping the
pump 9. For example, for example, a flow rate sensor
may be arranged in the water pipe 12 and the like in the
water circuit, and the first shut-off valve 15a and the like
may be closed when the flow rate of the water decreases
to be equal to or less than a preset reference value. In
that case, specifically, the flow rate of the water in the
steady state by the operation of the pump 9 is set to 0.5
m/s, and the reference value for closing the first shut-off
valve 15a is set to 0.1 m/s, for example. When the device
is operating, the pump 9 operates, and hence the water
circulates at 0.5 m/s. Meanwhile, when the device is
stopped, the pump 9 stops. At this time, there is a residual
water flow, and hence the flow rate gradually decreases.
The flow rate decreases to 0.1 m/s after a certain period
of time elapses from when the device is stopped. Then,
the flow rate sensor transmits a signal indicating that the
flow rate has become equal to or less than the reference
value to the control device 20. The control device 20 that
has received the signal closes the first shut-off valve 15a.
[0071] As described above, by closing the first shut-off
valve 15a on the basis of the flow rate of the water in the
water circuit, the hydraulic pressure applied to the first
shut-off valve 15a by the water flow remaining after the
pump 9 is stopped can be reduced as compared to when
the first shut-off valve 15a is closed immediately after the
pump 9 is stopped, and hence the degradation of the first
shut-off valve 15a can be prevented.
[0072] Alternatively, the first shut-off valve 15a may
operate in accordance with the operation of the entire
heat pump device, and the first shut-off valve 15a may
be closed when the operation of the heat pump device
is stopped.

Embodiment 3

[0073] Fig. 5 is a view according to Embodiment 3 of
the present invention that illustrates the internal config-
uration of an outdoor unit and an indoor unit of an air
conditioning apparatus to which a heat pump device is
applied.
[0074] Embodiment 3 describe here is obtained by

causing the heat medium pipe (water pipe) of the heat
medium circuit (water circuit) to branch off in the second
body (indoor unit body), and providing the second air vent
valve (indoor-side air vent valve) and the shut-off valve
in the pipe that has branched off in the configuration of
Embodiment 2 described above. Differences from Em-
bodiment 2 are mainly described below for the heat pump
device according to Embodiment 3.
[0075] As illustrated in Fig. 5, the water pipe 12 in-
cludes a branch pipe 19. The branch pipe 19 is connected
to a position after the outdoor-side air vent valve 11 and
the indoor heat exchanger 13 in the water pipe 12. That
is, the branch point at which the branch pipe 19 is con-
nected to the water pipe 12 corresponds to the position
at which the indoor-side air vent valve 14 is provided in
Embodiment 1 and Embodiment 2.
[0076] The branch pipe 19 is housed in the body of the
indoor unit 2 serving as the second body. The branch
pipe 19 is provided so as to extend vertically upward from
the branch point when the indoor unit 2 is properly in-
stalled. The indoor-side air vent valve 14 is provided on
an uppermost end portion of the branch pipe 19. The first
shut-off valve 15a is provided between the branch point
and an uppermost end of the branch pipe 19, that is, in
the middle of the branch pipe 19.
[0077] Other configurations are similar to that of Em-
bodiment 2. That is, the first shut-off valve 15a closes
the water pipe 12 serving as the heat medium pipe when
the pump 9 is stopped. The first shut-off valve 15a herein
closes the branch pipe 19 in which the first shut-off valve
15a is provided in the water pipe 12. Therefore, the con-
trol device 20 similar to that in Embodiment 2 is included.
Detailed descriptions of other configurations are omitted.
[0078] In the heat pump device formed as above, when
the operation of the pump 9 stops when the operation of
the heat pump device stops, for example, the first shut-
off valve 15a closes the branch pipe 19 of the water pipe
12. In this state, the indoor-side air vent valve 14 is sep-
arated from the water circuit. Therefore, when the refrig-
erant enters the water pipe 12 of the water circuit in the
water heat exchanger 10 due to damage of the water
heat exchanger 10 when the pump 9 is stopped, the re-
frigerant that has entered the water pipe 12 can be reli-
ably prevented from reaching the indoor-side air vent
valve 14. Therefore, the refrigerant can be prevented
from being discharged into the body of the indoor unit 2
from the indoor-side air vent valve 14, and the refrigerant
can be discharged from the outdoor-side air vent valve
11 more reliably.
[0079] The branch pipe 19 is provided so as to extend
vertically upward from the branch point of the water pipe
12, and the indoor-side air vent valve 14 is provided on
the uppermost end portion of the branch pipe 19. There-
fore, the air that is accumulated in the water pipe 12 in
normal operation is gathered in the uppermost end por-
tion of the branch pipe 19 due to buoyancy, and the air
can be discharged to the outside from the indoor-side air
vent valve 14.
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[0080] A branch pipe different from the branch pipe 19
may be provided also in the body of the outdoor unit 1,
and the outdoor-side air vent valve 11 may be provided
on an uppermost portion of the branch pipe different from
the branch pipe 19. By the configuration as above, the
air or the gas refrigerant in the water pipe 12 can be easily
guided to the outdoor-side air vent valve 11.

Embodiment 4

[0081] Fig. 6 and Fig. 7 are a view and a diagram ac-
cording to Embodiment 2 of the present invention. Fig. 6
is a view illustrating the internal configuration of an out-
door unit and an indoor unit of an air conditioning appa-
ratus to which a heat pump device is applied, and Fig. 7
is a flowchart illustrating the operation of the heat pump
device.
[0082] Embodiment 4 described here is obtained by
causing the shut-off valve provided in the heat medium
pipe (water pipe) of the heat medium circuit (water circuit)
to close in accordance with the internal pressure of the
heat medium pipe (water pipe) and the internal pressure
of the refrigerant pipe of the refrigerant circuit in the con-
figuration of Embodiment 2 described above. Differences
from Embodiment 2 are mainly described below for the
heat pump device according to Embodiment 4.
[0083] Fig. 6 illustrates a configuration in which a water
pressure sensor 16 and a refrigerant pressure sensor 17
are included in the configuration illustrated in Fig. 3 of
Embodiment 2. The water pressure sensor 16 detects
the internal pressure of the water pipe 12. That is, the
water pressure sensor 16 is a heat medium pressure
sensor that detects the internal pressure of the water pipe
12 serving as the heat medium pipe. The refrigerant pres-
sure sensor 17 detects the internal pressure of the re-
frigerant pipe 3. The detection results of the water pres-
sure sensor 16 and the refrigerant pressure sensor 17
are transmitted to the control device 20.
[0084] The refrigerant pressure sensor 17 is provided
in at least one of the refrigerant pipe 3 between the water
heat exchanger 10 and the four-way valve 5, and the
refrigerant pipe 3 between the water heat exchanger 10
and the outdoor heat exchanger 6. Fig. 6 illustrates a
case where the refrigerant pressure sensor 17 is provid-
ed in the refrigerant pipe 3 between the water heat ex-
changer 10 and the four-way valve 5 as an example.
[0085] The control device 20, when the internal pres-
sure of the refrigerant pipe 3 detected by the refrigerant
pressure sensor 17 is equal to or less than a refrigerant
pressure reference value and when the internal pressure
of the water pipe 12 detected by the water pressure sen-
sor 16 is equal to or more than a water pressure reference
value (heat medium pressure reference value), the con-
trol device 20 closes the first shut-off valve 15a. The re-
frigerant pressure reference value and the water pres-
sure reference value (heat medium pressure reference
value) are preset. That is, when the internal pressure of
the refrigerant pipe 3 is equal to or less than the preset

refrigerant pressure reference value and the internal
pressure of the water pipe 12 serving as the heat medium
pipe is equal to or more than the preset heat medium
pressure reference value (water pressure reference val-
ue), the first shut-off valve 15a closes the water pipe 12
serving as the heat medium pipe.
[0086] Next, the flow of the operation of the heat pump
device formed as above is described with reference to
Fig. 7. First, in Step S1, when the pump 9 is operating,
the water pressure sensor 16 detects the internal pres-
sure of the water pipe 12 of the water circuit, and the
refrigerant pressure sensor 17 detects the internal pres-
sure of the refrigerant pipe 3 of the refrigerant circuit.
[0087] Next, in Step S2, the control device 20 checks
whether the internal pressure of the water pipe 12 (water
circuit) detected by the water pressure sensor 16 has
risen to a value that is equal to or more than the water
pressure reference value. When the internal pressure of
the water pipe 12 is not equal to or more than the water
pressure reference value, the processing returns to Step
S1. Meanwhile, when the internal pressure of the water
pipe 12 is equal to or more than the water pressure ref-
erence value, the processing proceeds to Step S3.
[0088] In Step S3, the control device 20 checks wheth-
er the internal pressure of the refrigerant pipe 3 (refrig-
erant circuit) detected by the refrigerant pressure sensor
17 has dropped to a value that is equal to or less than
the refrigerant pressure reference value. When the inter-
nal pressure of the refrigerant pipe 3 is not equal to or
less than the refrigerant pressure reference value, the
processing returns to Step S1. Meanwhile, when the in-
ternal pressure of the refrigerant pipe 3 is equal to or less
than the refrigerant pressure reference value, the
processing proceeds to Step S4.
[0089] In Step S4, the control device 20 closes the first
shut-off valve 15a. When Step S4 finishes, the sequence
of the operation flow ends.
[0090] Other configurations and operations are similar
to those in Embodiment 2, and detailed descriptions
thereof are omitted.
[0091] In the heat pump device formed as above, when
the pump 9 is operating, the water pressure sensor 16
detects the internal pressure of the water pipe 12, and
the refrigerant pressure sensor 17 detects the internal
pressure of the refrigerant pipe 3. When the outside air
temperature rises or when the air conditioning apparatus
performs the heating operation, the water temperature
in the water circuit rises, the inside of the water circuit
expands, and the pressure in the water circuit rises. At
this time, the refrigerant in the refrigerant circuit close to
the water heat exchanger 10 becomes high in tempera-
ture, and hence expands. As a result, the pressure in the
refrigerant circuit also rises. Therefore, in that case, the
first shut-off valve 15a does not close.
[0092] When the outside air temperature decreases or
when the air conditioning apparatus performs the cooling
operation, the water temperature in the water circuit de-
creases, the inside of the water circuit contracts, and the
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pressure in the water circuit decreases. At this time, the
refrigerant in the refrigerant circuit close to the water heat
exchanger 10 also becomes low in temperature, and
hence contracts. As a result, the pressure in the refrig-
erant circuit also decreases. Therefore, the first shut-off
valve 15a does not close also in that case.
[0093] With respect to the above, when the refrigerant
enters the water pipe 12 of the water circuit in the water
heat exchanger 10 due to damage of the water heat ex-
changer 10, the refrigerant flows out, thereby reducing
the internal pressure of the refrigerant pipe 3. Meanwhile,
because the refrigerant flowing out of the refrigerant cir-
cuit enters the water pipe 12, the internal pressure of the
water pipe 12 rises . When the refrigerant continues to
flow out from the refrigerant circuit and enter the water
circuit, the internal pressure of the refrigerant pipe 3 be-
comes equal to or less than the refrigerant pressure ref-
erence value, and the internal pressure of the water pipe
12 becomes equal to or more than the water pressure
reference value, the control device 20 closes the water
pipe 12 by the first shut-off valve 15a.
[0094] When the water pipe 12 is closed by the first
shut-off valve 15a, as described in Embodiment 2, the
refrigerant that has entered the water pipe 12 can be
prevented from reaching the indoor-side air vent valve
14, and the refrigerant that has entered the water pipe
12 can be discharged from the outdoor-side air vent valve
11. Therefore, according to the heat pump device ac-
cording to Embodiment 4, even when the pump 9 is op-
erating, when the refrigerant enters the water pipe 12 of
the water circuit in the water heat exchanger 10 due to
damage of the water heat exchanger 10, the refrigerant
can be prevented from being discharged into the body
of the indoor unit 2 from the indoor-side air vent valve
14, and the refrigerant can be discharged from the out-
door-side air vent valve 11 more reliably.
[0095] The control device 20 may stop the operation
of the pump 9 when the first shut-off valve 15a is closed.
[0096] The heat pump device according to Embodi-
ment 4 can be similarly formed also in the configuration
illustrated Fig. 4 in Embodiment 2 as a modified example.
That is, when both of the first shut-off valve 15a and the
second shut-off valve 15b are included, both of the first
shut-off valve 15a and the second shut-off valve 15b only
need to be closed when the internal pressure of the re-
frigerant pipe 3 becomes equal to or less than the refrig-
erant pressure reference value, and the internal pressure
of the water pipe 12 becomes equal to or more than the
water pressure reference value.

[Industrial Applicability]

[0097] The present invention can be used in a heat
pump device applied to an air conditioning apparatus in-
cluding a room air conditioner and an industrial packaged
air conditioner, a water heater, a display case, a refrig-
erator, and a chiller system, for example, the heat pump
device including a primary circuit (refrigerant circuit) in

which a refrigerant circulates and a secondary circuit
(heat medium circuit) in which a heat medium circulates.

[Reference Signs List]

[0098]

1 Outdoor unit
2 Indoor unit
3 Refrigerant pipe
4 Compressor
5 Four-way valve
6 Outdoor heat exchanger
7 Outdoor fan
8 Expansion valve
9 Pump
10 Water heat exchanger
11 Outdoor-side air vent valve
12 Water pipe
13 Indoor heat exchanger
14 Indoor-side air vent valve
15a First shut-off valve
15b Second shut-off valve
16 Water pressure sensor
17 Refrigerant pressure sensor
18 Indoor fan
19 Branch pipe
20 Control device

Claims

1. A heat pump device comprising:

a compressor configured to compress refriger-
ant;
a decompressor configured to decompress the
refrigerant;
an air heat exchanger configured to exchange
heat between the refrigerant and air;
a liquid heat exchanger configured to exchange
heat between the refrigerant and liquid heat me-
dium;
a refrigerant pipe connecting the compressor,
the decompressor, the air heat exchanger and
the liquid heat exchanger circularly, the refrig-
erant pipe filled with the refrigerant;
a pump configured to cause the liquid heat me-
dium flowing in the liquid heat exchanger;
a heat medium pipe connecting the liquid heat
exchanger and the pump circularly, the heat me-
dium pipe filled with the liquid heat medium;
a first air vent valve and a second air vent valve
which are able to discharge gas in the heat me-
dium pipe outside;
a first body housing the compressor, the decom-
pressor, the air heat exchanger, the liquid heat
exchanger, the refrigerant pipe and the first air
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vent valve, and
a second body arranged outside of the first body,
the second body housing the second air vent
valve,
the pump configured to cause the liquid heat me-
dium flowing in predetermined circulatory direc-
tion in the heat medium pipe,
the liquid heat exchanger, the first air vent valve
and the second air vent valve arranged in this
order along the circulatory direction.

2. The heat pump device according to claim 1, wherein
the pump is housed in the first body.

3. The heat pump device according to claim 1 or 2,
wherein the first air vent valve is a pressure regulat-
ing valve capable of keeping an internal pressure of
the heat medium pipe constant by opening the heat
medium pipe when the internal pressure of the heat
medium pipe becomes equal to or more than a preset
value.

4.  The heat pump device according to any one of
claims 1 to 3, wherein:

an air passage is formed in the first body, the air
passage configured to discharge air, taken from
the outside of the first body, to the outside of the
first body after exchanging heat of the air in the
air heat exchanger; and
the first air vent valve is arranged on a windward
of the air heat exchanger in the air passage.

5. The heat pump device according to any one of claims
1 to 4, further comprising a first shut-off valve capable
of closing the heat medium pipe, wherein
the first shut-off valve, the liquid heat exchanger, the
first air vent valve, and the second air vent valve are
arranged in this order along the circulatory direction.

6. The heat pump device according to claim 5, wherein
the first shut-off valve closes the heat medium pipe
when the pump is stopped.

7. The heat pump device according to claim 5, further
comprising:

a refrigerant pressure sensor configured to de-
tect an internal pressure of the refrigerant pipe;
and
a heat medium pressure sensor configured to
detect an internal pressure of the heat medium
pipe, wherein
the first shut-off valve closes the heat medium
pipe when the internal pressure of the refrigerant
pipe is equal to or less than a preset refrigerant
pressure reference value and the internal pres-
sure of the heat medium pipe is equal to or more

than a preset heat medium pressure reference
value.

8. The heat pump device according to any one of claims
5 to 7, further comprising a second shut-off valve
capable of closing the heat medium pipe, wherein
the first shut-off valve, the liquid heat exchanger, the
first air vent valve, the second shut-off valve, and the
second air vent valve are arranged in this order along
the circulatory direction.

9. The heat pump device according to claim 8, wherein
the second shut-off valve closes the heat medium
pipe when the pump is stopped.

10.  The heat pump device according to claim 8 or 9,
wherein the first shut-off valve and the second shut-
off valve are housed in the first body.

11. The heat pump device according to any one of claims
5 to 9, wherein:

the heat medium pipe further includes a branch
pipe housed in the second body, connected to
the heat medium pipe, and extending vertically
upward;
the second air vent valve is arranged on an up-
permost end portion of the branch pipe; and
the first shut-off valve is arranged in the middle
of the branch pipe.

12. The heat pump device according to any one of claims
1 to 11, wherein the refrigerant is flammable.
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