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(54) HEAT PUMP SYSTEM

(57) A heat pump system includes a heat pump unit
1, a hot water unit 2 where a water-refrigerant heat ex-
changer 4 is placed, a first refrigerant pipe 8c through
which refrigerant compressed by a compressor 3 flows
toward the water-refrigerant heat exchanger 4, and a sec-
ond refrigerant pipe 8d through which the refrigerant after
it releases heat in the water-refrigerant heat exchanger
4 flows toward a decompressor 5. A casing 2a forming
the hot water unit 2 includes a recess 2b which is re-
cessed in a deeper direction than standing surfaces
2aFRONT, 2aSIDE and 2aREAR, and in a lower direction
than a ceiling surface 2aTOP. A first connecting portion
which connects the hot water unit 2 and the first refrig-
erant pipe 8c to each other and a second connecting
portion 8b which connects the hot water unit 2 and the
second refrigerant pipe 8d to each other are placed in
the recess 2b. According to this, a connecting portion
which connects a pipe and at least a portion of the pipe
which is connected to the connecting portion are located
at places where a user cannot usually keep an eye on,
and outward appearance of the heat pump system is en-
hanced.
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Description

[TECHNICAL FIELD]

[0001] The present invention relates to a heat pump
system for producing hot water using a heat pump cycle.

[BACKGROUND TECHNIQUE]

[0002] Conventionally, according to a configuration of
the heat pump system of this kind, a heat pump unit is
placed on a ceiling surface of a hot water tank unit having
a hot water tank.
[0003] The ceiling surface of the hot water tank unit is
provided with two pipe-connecting portions projecting
from an outer surface thereof. A casing of the heat pump
unit is also provided with two pipe-connecting portions
projecting from an outer surface thereof.
[0004] The hot water tank unit and the heat pump unit
have such a configuration that water circulates through
a hot water unit and the heat pump unit by connecting
these two pipe-connecting portions to each other through
two pipes.

[PRIOR ART DOCUMENT]

[PATENT DOCUMENT]

[0005] [Patent Document 1] Japanese Patent Applica-
tion Laid-open No.2011-122752

[SUMMARY OF THE INVENTION]

[PROBLEM TO BE SOLVED BY THE INVENTION]

[0006] According to the conventional configuration,
however, since the pipe-connecting portions project from
the ceiling surface of the hot water tank unit, a connecting
portion which connects a pipe to the former pipe or a
product can easily be seen from a user and therefore,
there is a problem that outward appearance of the prod-
uct is deteriorated.
[0007] The present invention solves the conventional
problem and it is an object of the invention to provide a
heat pump system which enhances outward appearance
by placing a connecting portion which connects a pipe
to a product or at least a portion of a pipe which is con-
nected to the connecting portion in a place where a user
cannot usually keep an eye on.

[MEANS FOR SOLVING THE PROBLEM]

[0008] To solve the conventional problem, the present
invention provides a heat pump system including: a heat
pump unit where a compressor, a decompressor and an
evaporator are placed; a hot water unit where at least a
water-refrigerant heat exchanger is placed; a first refrig-
erant pipe through which refrigerant compressed by the

compressor flows toward the water-refrigerant heat ex-
changer; and a second refrigerant pipe through which
the refrigerant after it releases heat in the water-refriger-
ant heat exchanger flows toward the decompressor, in
which the first refrigerant pipe and the second refrigerant
pipe connect the heat pump unit and the hot water unit
to each other, wherein a casing which forms the hot water
unit includes a recess which is recessed in a deeper di-
rection than standing surfaces and in a lower direction
than a ceiling surface, and a first connecting portion which
connects the hot water unit and the first refrigerant pipe
to each other and a second connecting portion which
connects the hot water unit and the second refrigerant
pipe to each other are placed in the recess.
[0009] According to this, the casing which forms the
hot water unit includes the recess which is recessed in
the deeper direction than the standing surface and in the
lower direction than the ceiling surface, and the first con-
necting portion which connects the hot water unit and the
first refrigerant pipe to each other and the second con-
necting portion which connects the hot water unit and the
second refrigerant pipe to each other are placed in the
recess. Therefore, since the first connecting portion and
the second connecting portion are located in a place
where a user cannot usually keep an eye on, it is possible
to provide a heat pump system which enhances the out-
ward appearance.
[0010] A portion of the first refrigerant pipe which is
connected to the first connecting portion and a portion of
the second refrigerant pipe which is connected to the
second connecting portion are also placed in the recess.
Therefore, since these portions are located in a place
where a user cannot usually keep an eye on, it is possible
to provide a heat pump system which enhances the out-
ward appearance.

[EFFECT OF THE INVENTION]

[0011] According to the present invention, a connect-
ing portion which connects a pipe to a produce and at
least a portion of a pipe connected to the connecting por-
tion are located in place where a user cannot usually
keep an eye on. Therefore, it is possible to provide a heat
pump system which enhances the outward appearance.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0012]

Fig. 1 is a circuit diagram of a heat pump system in
an embodiment of the present invention;
Fig. 2 is a diagram showing a connection configura-
tion of the heat pump system;
Fig. 3 is a perspective view of a ceiling surface of a
hot water unit of the heat pump system; and
Fig. 4 is a side view of the hot water unit of the heat
pump system.
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[MODE FOR CARRYING OUT THE INVENTION]

[0013] A first aspect of the present invention provides
a heat pump system including: a heat pump unit where
a compressor, a decompressor and an evaporator are
placed; a hot water unit where at least a water-refrigerant
heat exchanger is placed; a first refrigerant pipe through
which refrigerant compressed by the compressor flows
toward the water-refrigerant heat exchanger; and a sec-
ond refrigerant pipe through which the refrigerant after it
releases heat in the water-refrigerant heat exchanger
flows toward the decompressor, in which the first refrig-
erant pipe and the second refrigerant pipe connect the
heat pump unit and the hot water unit to each other,
wherein a casing which forms the hot water unit includes
a recess which is recessed in a deeper direction than
standing surfaces and in a lower direction than a ceiling
surface, and a first connecting portion which connects
the hot water unit and the first refrigerant pipe to each
other and a second connecting portion which connects
the hot water unit and the second refrigerant pipe to each
other are placed in the recess.
[0014] According to this, the casing which forms the
hot water unit includes the recess which is recessed in
the deeper direction than the standing surface and in the
lower direction than the ceiling surface, and the first con-
necting portion which connects the hot water unit and the
first refrigerant pipe to each other and the second con-
necting portion which connects the hot water unit and the
second refrigerant pipe to each other are placed in the
recess. Therefore, since the first connecting portion and
the second connecting portion are located in a place
where a user cannot usually keep an eye on, it is possible
to provide a heat pump system which enhances the out-
ward appearance.
[0015] A portion of the first refrigerant pipe which is
connected to the first connecting portion and a portion of
the second refrigerant pipe which is connected to the
second connecting portion are also placed in the recess.
Therefore, since these portions are located in a place
where a user cannot usually keep an eye on, it is possible
to provide a heat pump system which enhances the out-
ward appearance.
[0016] According to a second aspect of the invention,
in the first aspect, longitudinal directions of the first con-
necting portion and the second connecting portion are
placed substantially in a horizontal direction.
[0017] According to this, operations to connect the first
connecting portion and the first refrigerant pipe to each
other and connect the second connecting portion and the
second refrigerant pipe to each other become easy, and
it is possible to enhance operation efficiency of an oper-
ation to connect the hot water unit and the refrigerant
pipe to each other. Further, it is possible to reduce a
height of the recess, and an interior content of the hot
water unit can be increased.
[0018] According to a third aspect of the invention, in
any of the first and second aspects, the recess opens

toward a rear surface of the casing.
[0019] According to this, the first refrigerant pipe which
is connected to the first connecting portion of the hot wa-
ter unit and the second refrigerant pipe which is connect-
ed to the second connecting portion of the hot water unit
can be placed behind a rear surface of the casing of the
hot water unit through the opening.
[0020] Therefore, the first connecting portion and the
second connecting portion which are provided in the hot
water unit, as well as the first refrigerant pipe and the
second refrigerant pipe which are respectively connected
to the first connecting portion and the second connecting
portion are also located in the place where a user cannot
usually keep an eye on. Therefore, it is possible to provide
the heat pump system which further enhances the out-
ward appearance.
[0021] According to a fourth aspect of the invention, in
any one of the first to third aspects, a hot water tank is
placed in the hot water unit.
[0022] According to this, it is possible to provide a heat
pump system capable of supplying hot water from the
hot water tank.
[0023] According to a fifth aspect of the invention, in
any one of the first to fourth aspects, the refrigerant is
combustible refrigerant.
[0024] According to this, the refrigerant is the combus-
tible refrigerant having density larger than air under at-
mospheric pressure. The first connecting portion which
connects the hot water unit and the first refrigerant pipe
to each other and the second connecting portion which
connects the hot water unit and the second refrigerant
pipe to each other are provided on the side of the ceiling
surface of the hot water unit.
[0025] Therefore, even if the combustible refrigerant
leaks from the first connecting portion or the second con-
necting portion, the combustible refrigerant diffuses ver-
tically downward centering around the hot water unit. At
that time, since its density is also diluted, a possibility of
inflammability can be lowered.
[0026] An embodiment of the present invention will be
described below with reference to the drawings. The in-
vention is not limited to the embodiment.

(Embodiment)

[0027] Fig. 1 is a circuit diagram of a heat pump system
in an embodiment of the present invention. The heat
pump system of the embodiment includes a heat pump
unit 1 placed outdoors and a hot water unit 2 placed in-
doors.
[0028] The hot water unit 2 is connected to a heating
terminal 19 through a heat medium pipe 20. A water sup-
ply pipe 31 for supplying water from a water pipe or the
like to the hot water unit 2, and a hot water-discharging
pipe 30 for supplying hot water to the hot water supply
terminal 33 are connected to the hot water unit 2.
[0029] Fig. 2 is a diagram showing a connection con-
figuration of the heat pump system of the embodiment.
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The heat pump unit 1 and the hot water unit 2 of the heat
pump system are connected to each other through a first
refrigerant pipe 8c and a second refrigerant pipe 8d.
[0030] The heat pump unit 1 and the hot water unit 2
are connected to each other through an electric wiring
18. A control signal is transmitted from a control device
21 (see Fig. 1) provided in the hot water unit 2 to the heat
pump unit 1 through the electric wiring 18.
[0031] The hot water unit 2 and the heating terminal
19 (e.g., floor heating) are connected to each other
through the heat medium pipe 20. The hot water-dis-
charging pipe 30 is connected to the hot water unit 2. Hot
water is supplied to the hot water supply terminal 33
through the hot water-discharging pipe 30.
[0032] The water supply pipe 31 is connected to the
hot water unit 2. Water is supplied to a hot water tank 15
through the water supply pipe 31.
[0033] As shown in Fig. 1, the heat pump unit 1 includes
a compressor 3 which compresses refrigerant and dis-
charges high temperature refrigerant, a decompressor 5
which decompresses refrigerant, an evaporator 6a which
exchanges heat between air and refrigerant, and a four-
way valve 7 which changes a flowing path of the refrig-
erant.
[0034] The compressor 3, the decompressor 5, the
evaporator 6a and the four-way valve 7 are connected
to one another through refrigerant pipes. A solenoid ex-
pansion valve or a capillary tube is used as the decom-
pressor 5. Further, the heat pump unit 1 is provided with
a blower fan 6b for sending a wind to the evaporator 6a
and facilitating heat exchange between air and refriger-
ant. The heat pump unit 1 is provided with a casing 2a
(see Fig. 3) for covering the compressor 3, the decom-
pressor 5, the evaporator 6a, the blower fan 6b and the
four-way valve 7.
[0035] A water-refrigerant heat exchanger 4 which ex-
changes heat between heat medium and high tempera-
ture refrigerant to produce high temperature heat medi-
um is placed in the hot water unit 2. The water-refrigerant
heat exchanger 4 is annularly connected through the re-
frigerant pipe together with the compressor 3, the de-
compressor 5, the evaporator 6a and the four-way valve
7 and constitutes a heat pump cycle.
[0036] For example, a plate type heat exchanger can
be used as the water-refrigerant heat exchanger 4. Al-
ternatively, a double-pipe type heat exchanger having a
heat medium pipe and a refrigerant pipe can also be used
as the water-refrigerant heat exchanger 4. Heat medium
flows through the heat medium pipe and refrigerant flows
through the refrigerant pipe. The heat medium pipe is
placed in the refrigerant pipe. Water or antifreezing fluid
can be used as the heat medium.
[0037] The water-refrigerant heat exchanger 4 placed
in the hot water unit 2 and the four-way valve 7 and the
decompressor 5 placed in the heat pump unit 1 are con-
nected to each other through the first refrigerant pipe 8c
and the second refrigerant pipe 8d. Here, the heat pump
unit 1 is placed outdoors and the hot water unit 2 is placed

indoors.
[0038] Combustible refrigerant is used as the refriger-
ant which circulates through the heat pump unit 1 and
the hot water unit 2. In this embodiment, the "combustible
refrigerant" includes slightly flammable refrigerant in ad-
dition to the combustible refrigerant.
[0039] That is, as the refrigerant which circulates
through the heat pump unit 1 and the hot water unit 2,
R32 which is the slightly flammable refrigerant, mixture
refrigerant including 65wt% or more of R32, or HFO
based mixture refrigerant is used, but R290 may be used.
These refrigerants are combustible refrigerants having
density larger than air under atmospheric pressure.
[0040] The hot water tank 15 in which high temperature
hot water is store is placed in the hot water unit 2. The
hot water tank 15 is covered with heat insulating material
such as foaming material. According to this, heat retain-
ing property of water stored in the hot water tank 15 is
enhanced.
[0041] The water-refrigerant heat exchanger 4 is
placed in the hot water unit 2. The water-refrigerant heat
exchanger 4 produces high temperature heat medium
by heat radiation of refrigerant. A heat medium path 12a
through which heat medium flows is placed in the hot
water unit 2. The heat medium path 12a includes a by-
passing path 12b. The bypassing path 12b branches from
a three-way valve 16 provided in the heat medium path
12a, and is connected to the heat medium path 12a lo-
cated upstream of the three-way valve 16 through a heat
exchanger 15a provided in the hot water tank 15.
[0042] The heat medium path 12a is connected to the
heating terminal 19 through a first heating connecting
portion 20a and a second heating connecting portion 20b,
and constitutes a heat medium circuit 12. The heat me-
dium path 12a connects the first heating connecting por-
tion 20a and the second heating connecting portion 20b
to each other. Heat medium from outside of the hot water
unit 2 flows into the first heating connecting portion 20a,
and heat medium from inside of the hot water unit 2 flows
out from the second heating connecting portion 20b.
[0043] A circulation pump 9, the water-refrigerant heat
exchanger 4, a heater portion 14 and the three-way valve
16 are provided in this order in the heat medium path 12a
from the upstream side (on the side of the first heating
connecting portion 20a) with respect to a flowing direction
of the heat medium. A flow switch 10, an overpressure-
releasing valve 11, an expansion tank 13, an air vent
valve 17 and a pressure gage 23 are provided in the heat
medium path 12a.
[0044] The flow switch 10 detects a flow of hot water.
The flow switch 10 is located downstream of the circula-
tion pump 9 and the water-refrigerant heat exchanger 4,
i.e., the flow switch 10 is located at a position where heat
medium after it exchanges heat by the water-refrigerant
heat exchanger 4 flows. By placing the flow switch 10
downstream of the circulation pump 9 in this manner, it
is possible to detect an operating state of the circulation
pump 9.

5 6 



EP 3 693 670 A1

5

5

10

15

20

25

30

35

40

45

50

55

[0045] In this embodiment, the flow switch 10 is pro-
vided in the heat medium pipe between the water-refrig-
erant heat exchanger 4 and the heater portion 14. The
flow switch 10 may detect a flow rate of the heat medium
which flows through the heat medium circuit 12.
[0046] In this embodiment, a DC pump is used as the
circulation pump 9. When the heat pump system is in-
stalled, it is necessary to set a flow rate of the heat me-
dium flowing through the heat medium circuit 12 in a pre-
determined range in accordance with a size and a heat
radiation amount of the heating terminal 19 which is pro-
vided in the heat medium circuit 12.
[0047] This setting is carried out by a remote controller
22 when the heat pump system is installed. In this em-
bodiment, a circulation amount of the heat medium
caused by the circulation pump 9 can be set by selecting
from seven stages by the remote controller 22.
[0048] In the heat medium circuit 12, the heater portion
14 having electric heating means (heater) is placed in a
case which forms a flow path. Heat medium flows through
the flow path. If the heat medium flows through the heater
portion 14, the heat medium is heated to predetermined
temperature by the heater.
[0049] The heater portion 14 can be used when outside
temperature is low and the heating ability of the heat
pump cycle is deteriorated and when the heat medium
cannot be heated sufficiently only by heat radiation of the
refrigerant in the water-refrigerant heat exchanger 4. The
heater portion 14 can be used also when the heat pump
cycle is out of order.
[0050] The heat medium path 12a is provided with the
expansion tank 13 and the overpressure-releasing valve
11 which adjust pressure. By heating the heat medium
by the water-refrigerant heat exchanger 4, if a volume of
the heat medium in the heat medium circuit 12 expands,
heat medium of the volume expanded amount is ab-
sorbed by the expansion tank 13.
[0051] If internal pressure of the heat medium circuit
12 rises to predetermined pressure or higher, heat me-
dium in the heat medium circuit 12 can be discharged to
outside of the heat medium circuit 12 by the overpres-
sure-releasing valve 11. In this embodiment, the expan-
sion tank 13 is provided in the heat medium pipe located
downstream of the three-way valve 16. The overpres-
sure-releasing valve 11 is mounted on the heater portion
14.
[0052] The air vent valve 17 is provided in the heat
medium circuit 12 in the hot water unit 2. The air vent
valve 17 has a function to automatically discharge air
stored in the valve to outside. Therefore, by placing the
air vent valve 17 in the heat medium circuit 12, air re-
maining in the heat medium circuit 12 can be discharged
to outside of the heat medium circuit 12.
[0053] The air vent valve 17 is provided at the highest
position in the heat medium path 12a. Since air in the
heat medium circuit 12 is stored at the highest position
in the heat medium circuit 12 by its buoyancy force, it is
possible to easily vent air in the heat medium circuit 12

by providing the air vent valve 17 at the highest position
of the heat medium circuit 12. The heat medium path 12a
is provided with the pressure gage 23. According to this,
it is possible to detect pressure in the heat medium circuit
12.
[0054] The hot water unit 2 is provided therein with the
bypassing path 12b which constitutes a portion of the
heat medium circuit 12. The bypassing path 12b branch-
es from the three-way valve 16, and is connected to the
heat medium path 12a between the first heating connect-
ing portion 20a and the circulation pump 9 through the
heat exchanger 15a provided in the hot water tank 15.
[0055] The heat medium path 12a located downstream
of the heater portion 14 is provided with the three-way
valve 16. The three-way valve 16 can be switched be-
tween a state to flow heat medium heated by the water-
refrigerant heat exchanger 4 to the hot water tank 15 and
a state to flow the heat medium to downstream of the
heat medium path 12a.
[0056] According to this, if heat medium flows to the
hot water tank 15, it is possible to heat water stored in
the hot water tank 15 by the heat exchanger 15a. If the
heat medium flows to the downstream of the heat medium
path 12a, the heat medium can be made to flow to the
heating terminal 19 (e.g., radiator or floor heating panel)
provided in the heat medium circuit 12 located outside
of the hot water unit 2, and a heating operation can be
carried out.
[0057] Among heat media which flow out from the wa-
ter-refrigerant heat exchanger 4, the three-way valve 16
may be able to adjust a flow rate of heat medium flowing
to the hot water tank 15 and a flow rate of heat medium
flowing to the downstream of the heat medium path 12a.
[0058] Heat medium which flows through the bypass-
ing path 12b flows in from a connection port 15b located
on a relatively upper side with respect to a height direction
of the hot water tank 15, and heat medium after it ex-
changes heat with the heat exchanger 15a flows out from
a connection port 15c located on a relatively lower side
with respect to the height direction of the hot water tank
15. According to this, it is possible to efficiently heat water
in the hot water tank 15.
[0059] The water supply pipe 31 through which water
from a water pipe flows is connected to the hot water tank
15. Water from the water pipe flows into a lower location
of the hot water tank 15 through a pressure reducing
valve 32 and a first hot water supplying connecting por-
tion 30a provided in the hot water unit 2.
[0060] The hot water-discharging pipe 30 through
which water in the hot water tank 15 flows out is connect-
ed to the hot water tank 15 at a location higher than the
water supply pipe 31. Water (hot water) in the hot water
tank 15 flows out from an upper portion of the hot water
tank 15 into the hot water-discharging pipe 30.
[0061] Thereafter, the water (hot water) flows to out-
side of the hot water unit 2 from a second hot water sup-
plying connecting portion 30b, and is supplied to the hot
water supply terminal 33 such as a faucet and a shower.
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A combination tap 34 is provided on the upstream side
of the hot water supply terminal 33. The combination tap
34 mixes water from the water supply pipe 31 and hot
water from the hot water-discharging pipe 30 with each
other.
[0062] In this embodiment, heat medium is heated by
the water-refrigerant heat exchanger 4, and the heated
heat medium is made to flow to the heat exchanger 15a,
thereby heating water in the hot water tank 15. That is,
water in the hot water tank 15 is indirectly heated through
heat medium using heat of refrigerant which circulates
through the heat pump cycle.
[0063] That is, according to this embodiment, water
which flows through the water supply pipe 31 is heated
by heat medium storing in the hot water tank 15 while
the water flows through the heat exchanger 15a, the wa-
ter flows out from the hot water-discharging pipe 30 and
is supplied to the hot water supply terminal 33. According
to this, if the high temperature heat medium is stored in
the hot water tank 15, it is possible to heat water by the
heat exchanger 15a and to supply the water to the hot
water supply terminal 33 when the hot water supply ter-
minal 33 becomes necessary hot water.
[0064] The first heating connecting portion 20a and the
second heating connecting portion 20b provided in the
hot water unit 2 are connected to the heating terminal 19
such as the radiator and the flor heating panel by the
heat medium pipe 20. According to this, the heat medium
path 12a constitutes the heat medium circuit 12. The first
heating connecting portion 20a and the second heating
connecting portion 20b can be attached to and detached
from the heat medium pipe 20.
[0065] Next, operation of the heat pump system in this
embodiment will be described below.
[0066] The heat pump system in this embodiment can
execute at least a heating operation to supply heat me-
dium to the heating terminal 19 provided in the heat me-
dium circuit 12 and to heat a room, a hot water-storing
operation to store high temperature heat medium or hot
water in the hot water tank 15, and a defrosting operation
to melt frost adhering to the evaporator 6a.
[0067] These operations are started when a user in-
structs to start the operation by the remote controller 22
or when the control device 21 of the heat pump system
determines that it is necessary to execute the operation
due to time slot or temperature around the heat pump
system.
[0068] When the user instructs to start the heating op-
eration by the operation of the remote controller 22, or
when the control device 21 determines that the heating
operation is necessary due to temperature and the like
in the room, the control device 21 starts the heating op-
eration.
[0069] In the heating operation, the control device 21
drives the compressor 3 of the heat pump cycle and the
circulation pump 9 provided in the heat medium circuit
12. When the decompressor 5 is a solenoid expansion
valve, the control device 21 adjusts an opening of the

valve.
[0070] In the heating operation, the control device 21
switches the three-way valve 16 to the downstream of
the heat medium circuit 12. According to this, refrigerant
circulates through the heat pump cycle. Further, heat me-
dium circulates through the heat medium circuit 12 and
flows through the heating terminal 19.
[0071] If the compressor 3 is driven, refrigerant circu-
lates through the heat pump cycle. The refrigerant is com-
pressed by the compressor 3 and is brought into a high
temperature and high pressure state. The high temper-
ature and high pressure refrigerant flows into the water-
refrigerant heat exchanger 4 through the four-way valve
7, and releases heat to the heat medium.
[0072] The refrigerant which flows out from the water-
refrigerant heat exchanger 4 is decompressed by the de-
compressor 5. The refrigerant which flows out from the
decompressor 5 exchanges heat with air sent by the
blower fan 6b in the evaporator 6a, and the refrigerant
evaporates. Thereafter, the refrigerant which flows out
from the evaporator 6a flows into the compressor 3
through the four-way valve 7, and is again compressed.
The refrigerant circulates through the heat pump cycle
in this manner.
[0073] Heat medium circulates through the heat medi-
um circuit 12 by driving a circulation pump 6. The heat
medium which circulates through the heat medium circuit
12 is heated to high temperature by heat of the refrigerant
in the water-refrigerant heat exchanger 4. Here, the
three-way valve 16 is set such that heat medium flows
to the downstream of the heat medium circuit 12.
[0074] Hence, heat medium which flows out from the
water-refrigerant heat exchanger 4 and flows through the
heater portion 14 flows out into the heat medium circuit
12 located outside of the hot water unit 2 through the
three-way valve 16 and the first heating connecting por-
tion 20a, and the heat medium flows into a heating ter-
minal 19 (e.g., floor heating). The heat medium releases
heat in the heating terminal 19 and thereafter, the heat
medium flows from the first heating connecting portion
20a into the heat medium path 12a again. The heat me-
dium circulates through the heat medium circuit 12 in this
manner.
[0075] The control device 21 controls the heat pump
cycle and the circulation pump 9 such that temperature
of heat medium which is supplied to the heating terminal
19 becomes equal to predetermined temperature. For
example, the control device 21 can control the decom-
pressor 5 and the number of rotations of the compressor
3 such that temperature (discharging temperature of hot
water) of heat medium which flows out from the water-
refrigerant heat exchanger 4 becomes equal to target
temperature, and the control device 21 can control the
number of rotations of the circulation pump 9 such that
temperature (entering temperature of water) of heat me-
dium which flows into the water-refrigerant heat exchang-
er 4 becomes equal to predetermined temperature.
[0076] That is, in the heat pump cycle, control to bring
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temperature (discharging temperature of hot water) of
refrigerant which is discharged from the compressor 3
into predetermined temperature is executed, and the cir-
culation pump 9 controls the entering temperature of wa-
ter to adjust temperature (entering temperature of water)
of heat medium which flows into the water-refrigerant
heat exchanger 4. When heat medium cannot be heated
sufficiently only by the heat pump cycle, the control de-
vice 21 heats the heat medium using the heater portion
14.
[0077] When a user instructs to start the hot water-
storing operation by the operation of the remote controller
22, or when the control device 21 determines that the hot
water-storing operation is necessary due to time slot or
temperature of water in the hot water tank 15, the control
device 21 starts the hot water-storing operation.
[0078] In the hot water-storing operation, the control
device 21 drives the compressor 3 of the heat pump cycle
and the circulation pump 9 provided in the heat medium
circuit 12. When the decompressor 5 is a solenoid ex-
pansion valve, the control device 21 adjusts an opening
of the valve.
[0079] In the hot water-storing operation, the control
device 21 switches the three-way valve 16 to the bypass-
ing path 12b. According to this, refrigerant circulates
through the heat pump cycle and heat medium flows
through the heat exchanger 15a. The user can adjust,
by the remote controller 22, temperature of heat medium
which is supplied to the heat exchanger 15a.
[0080] Heat medium which flows into the bypassing
path 12b and flows through the heat exchanger 15a re-
leases heat to water stored in the hot water tank 15 and
heats the water. According to this, high temperature wa-
ter is stored in the hot water tank 15.
[0081] In a hot water supplying operation, heated water
flows out into the hot water-discharging pipe 30, flows
out to outside of the hot water unit 2 through the second
hot water supplying connecting portion 30b, and the wa-
ter is supplied to the hot water supply terminal 33. That
is, the hot water supplying operation is carried out using
the high temperature water stored in the hot water tank
15.
[0082] In the hot water-storing operation, the control
device 21 controls the heat pump cycle and the circulation
pump 9 such that temperature of heat medium which is
supplied to the heat exchanger 15a becomes equal to
predetermined temperature.
[0083] For example, the control device 21 can control
the decompressor 5 and the number of rotations of the
compressor 3 such that temperature (discharging tem-
perature of hot water) of heat medium which flows out
from the water-refrigerant heat exchanger 4 becomes
equal to target temperature, and can control the number
of rotations of the circulation pump 9 such that temper-
ature (entering temperature of water) of heat medium
which flows into the water-refrigerant heat exchanger 4
becomes equal to predetermined temperature.
[0084] When heat medium cannot be heated sufficient-

ly only by the heat pump cycle, the control device 21
heats the heat medium using the heater portion 14.
[0085] When outside air temperature becomes equal
to or lower than predetermined temperature or when tem-
perature of refrigerant which flows through the evapora-
tor 6a becomes equal to or lower than predetermined
temperature, the control device 21 determines that frost
adheres to the evaporator 6a, and the defrosting opera-
tion for removing the frost is executed.
[0086] In the defrosting operation, the control device
21 switches a circulation direction of refrigerant by the
four-way valve 7. According to this, the refrigerant flows
through the compressor 3, the four-way valve 7, the evap-
orator 6a, the decompressor 5, the water-refrigerant heat
exchanger 4, the four-way valve 7 and the compressor
3 in this order. As a result, high temperature and high
pressure refrigerant flows into the evaporator 6a, and the
defrosting operation is carried out.
[0087] When temperature of heat medium which flows
into the water-refrigerant heat exchanger 4 is lower than
the predetermined temperature, the control device 21 ac-
tuates the heater portion 14 and heats the heat medium,
and circulates the heated heat medium through the heat
medium circuit 12.
[0088] According to this, it is possible to prevent heat
medium in the heat medium circuit 12 from being frozen.
When the defrosting operation is carried out while the
heating operation or the hot water-storing operation is
being executed, it is possible to suppress temperature
of heat medium supplied to the heating terminal 19 or
the heat exchanger 15a from lowering, and usability is
enhanced.
[0089] Next, a connecting configuration between the
heat pump unit 1 and the hot water unit 2 through the
first refrigerant pipe 8c and the second refrigerant pipe
8d in the heat pump system will be described.
[0090] Fig. 3 is a perspective view of a ceiling surface
of the hot water unit of the heat pump system of the em-
bodiment, and Fig. 4 is a side view of the hot water unit
of the heat pump system of the embodiment.
[0091] In Fig. 3, the heat pump system includes the
first refrigerant pipe 8c through which combustible refrig-
erant compressed by the compressor 3 of the heat pump
unit 1 flows toward the water-refrigerant heat exchanger
4 of the hot water unit 2, and the second refrigerant pipe
8d through which combustible refrigerant releases heat
by heating heat medium in the water-refrigerant heat ex-
changer 4 flows toward the decompressor 5 of the heat
pump unit 1.
[0092] The first refrigerant pipe 8c and the second re-
frigerant pipe 8d connect the heat pump unit 1 and the
hot water unit 2 respectively.
[0093] The casing 2a which forms the hot water unit 2
includes a recess 2b which is recessed in a deeper di-
rection than any of standing surfaces composed of a front
surface 2aFRONT, a side surface 2aSIDE and a rear
surface 2aREAR of the casing 2a, and in a lower direction
than a ceiling surface 2aTOP.

11 12 



EP 3 693 670 A1

8

5

10

15

20

25

30

35

40

45

50

55

[0094] As shown in Fig. 3, an upper portion of the re-
cess 2b is opened, the recess 2b is formed from three
standing walls 2c and a bottom surface 2d located lower
than the ceiling surface 2aTOP. The recess 2b includes
an opening 2e with respect to the standing surface side
of the casing 2a. An entire first connecting portion 8a
which connects heat exchanger hot water unit 2 and the
first refrigerant pipe 8c to each other and an entire second
connecting portion 8b which connects the hot water unit
2 and the second refrigerant pipe 8d to each other are
placed in the recess 2b. The upper portion of the recess
2b in the embodiment is opened, but the recess 2b may
be provided with a pipe cover or the like.
[0095] According to this, since the entire first connect-
ing portion 8a and the entire second connecting portion
8b are located at places where a user cannot usually
keep an eye on, it is possible to provide a heat pump
system having enhanced outward appearance.
[0096] In addition, a portion of the first refrigerant pipe
8c and a portion of the second refrigerant pipe 8d which
are respectively connected to the first connecting portion
8a and the second connecting portion 8b are also placed
in the recess 2b, and the first refrigerant pipe 8c and the
second refrigerant pipe 8d are located at places where
a user cannot usually keep an eye on. Therefore, it is
possible to provide a heat pump system having the en-
hanced outward appearance.
[0097] Longitudinal directions of the first connecting
portion 8a and the second connecting portion 8b are
placed substantially in the horizontal direction. The ex-
pression "substantially in the horizontal direction" in-
cludes "slightly inclined".
[0098] At that time, root portions of the first connecting
portion 8a and the second connecting portion 8b are
placed at the standing wall 2c which is opposed to the
opening 2e of the recess 2b. A connected portion be-
tween the first connecting portion 8a and the second con-
necting portion 8b is placed facing the opening 2e of the
recess 2b. In this case also, the entire first connecting
portion 8a and the entire second connecting portion 8b
are placed in the recess 2b.
[0099] According to this, it becomes easy to connect
the first connecting portion 8a and the first refrigerant
pipe 8c to each other and connect the second connecting
portion 8b and the second refrigerant pipe 8d to each
other, and operation efficiency of the operation to connect
the hot water unit 2 and the refrigerant pipe to each other
can be enhanced. A height of the recess 2b can be low-
ered, and the interior content of the hot water unit 2 can
be increased.
[0100] Of course, since the entire first connecting por-
tion 8a and the entire second connecting portion 8b are
placed in the recess 2b, and the portion of the first refrig-
erant pipe 8c and the portion of the second refrigerant
pipe 8d which are respectively connected to the first con-
necting portion 8a and the second connecting portion 8b
are also placed in the recess 2b, and these elements are
located at places where a user cannot usually keep an

eye on. Therefore, it is possible to provide a heat pump
system having enhanced outward appearance.
[0101] Among the standing surfaces composed of the
front surface 2aFRONT, the side surface 2aSIDE and
the rear surface 2aREAR of the casing 2a, it is preferable
that the recess 2b has the opening 2e facing the rear
surface 2aREAR of the casing 2a.
[0102] This is because that if the recess 2b has the
opening 2e facing the rear surface 2aREAR of the casing
2a, the first refrigerant pipe 8c connected to the first con-
necting portion 8a of the hot water unit 2 and the second
refrigerant pipe 8d connected to the second connecting
portion 8b of the hot water unit 2 can be placed behind
the rear surface of the casing 2a of the hot water unit 2
through the opening 2e of the recess 2b.
[0103] According to this, the entire first connecting por-
tion 8a and the entire second connecting portion 8b are
placed in the recess 2b, and the portion of the first refrig-
erant pipe 8c and the portion of the second refrigerant
pipe 8d which are respectively connected to the first con-
necting portion 8a and the second connecting portion 8b
are also placed in the recess 2b and thereafter, the first
refrigerant pipe 8c and the second refrigerant pipe 8d
facing the heat pump unit 1 can be placed behind the
rear surface of the casing 2a of the hot water unit 2
through the opening 2e of the recess 2b.
[0104] That is, in the hot water unit 2 placed indoors
such that its rear surface side usually faces the wall side,
even if a user sees the hot water unit 2 from front, the
first connecting portion 8a, the second connecting portion
8b, the first refrigerant pipe 8c and the second refrigerant
pipe 8d are located at places where a user cannot keep
an eye on. Therefore, it is possible to provide a heat pump
system having the enhanced outward appearance.
[0105] In this embodiment, the refrigerant is the com-
bustible refrigerant having density larger than air under
atmospheric pressure, and the first connecting portion
8a which connects the hot water unit 2 and the first re-
frigerant pipe 8c to each other and the second connecting
portion 8b which connects the hot water unit 2 and the
second refrigerant pipe 8d to each other are provided on
the side of the ceiling surface of the casing 2a of the hot
water unit 2.
[0106] Hence, even if combustible refrigerant leaks
from the first connecting portion 8a or the second con-
necting portion 8b, the combustible refrigerant diffuses
vertically downward centering around the hot water unit
2 and the density thereof is diluted at that time. Therefore,
a possibility of inflammability can be lowered.

[INDUSTRIAL APPLICABILITY]

[0107] According to the present invention, as de-
scribed above, the connecting portion which connects a
pipe to a product and at least a portion of a pipe which
is connected to the connecting portion are located at plac-
es where a user cannot usually keep an eye on. There-
fore, it is possible to provide a heat pump system having
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enhanced outward appearance and thus, the invention
can be applied to a hot water supplying system, a hot
water heater and the like.

[EXPLANATION OF SYMBOLS]

[0108]

1 heat pump unit
2 hot water unit
2a casing
2aTOP ceiling surface
2aFRONT front surface (standing surface)
2aSIDE side surface (standing surface)
2aREAR rear surface (standing surface)
2b recess
2c standing walls
2d bottom surface
2e opening
3 compressor
4 water-refrigerant heat exchanger
5 decompressor
6a evaporator
7 four-way valve
8a first connecting portion
8b second connecting portion
8c first refrigerant pipe
8d second refrigerant pipe
11 overpressure-releasing valve
12 heat medium circuit
12a heat medium path
12b bypassing path
15 hot water tank
15a heat exchanger
17 air vent valve
19 heating terminal
20 heat medium pipe
20a first heating connecting portion
20b second heating connecting portion
21 control device
22 remote controller
23 pressure gage
30a first hot water supplying connecting portion
30b second hot water supplying connecting

portion

Claims

1. A heat pump system comprising:

a heat pump unit (1) where a compressor (3), a
decompressor (5) and an evaporator (6a) are
placed;
a hot water unit (2) where at least a water-refrig-
erant heat exchanger (4) is placed;
a first refrigerant pipe (8c) through which refrig-
erant compressed by the compressor (3) flows

toward the water-refrigerant heat exchanger (4);
and
a second refrigerant pipe (8d) through which the
refrigerant after it releases heat in the water-re-
frigerant heat exchanger (4) flows toward the
decompressor (5), in which
the first refrigerant pipe (8c) and the second re-
frigerant pipe (8d) connect the heat pump unit
(1) and the hot water unit (2) to each other,
wherein
a casing (2a) which forms the hot water unit (2)
includes a recess (2b) which is recessed in a
deeper direction than standing surfaces
(2aFRONT, 2aSIDE, 2aREAR) and in a lower
direction than a ceiling surface (2aTOP), and
a first connecting portion (8a) which connects
the hot water unit (2) and the first refrigerant pipe
(8c) to each other and a second connecting por-
tion (8b) which connects the hot water unit (2)
and the second refrigerant pipe (8d) to each oth-
er are placed in the recess (2b).

2. The heat pump system according to claim 1, wherein
longitudinal directions of the first connecting portion
(8a) and the second connecting portion (8b) are
placed substantially in a horizontal direction.

3. The heat pump system according to claim 1 or 2,
wherein the recess (2b) opens toward a rear surface
(2aREAR) of the casing (2a).

4.  The heat pump system according to any one of
claims 1 to 3, wherein a hot water tank (15) is placed
in the hot water unit (2).

5. The heat pump system according to any one of
claims 1 to 4, wherein the refrigerant is combustible
refrigerant.
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