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Description

[0001] Thisinventionrelates to heat pump type hotwa-
ter supply systems.

[0002] As anexample of conventional heat pump type
hot water supply systems, there is known one, as shown
in Figure 8, which includes a hot water storage tank 50,
and a circulation line 53 connecting between a water out-
let 51 and a hot water inlet 52 each formed in the hot
water storage tank 50. In addition, a heat exchange line
54 is provided partway along the circulation line 53 and
can be heated by a heat pump type heating source. This
heat pump type hot water supply system performs a hot
water return operation in which unheated water from the
water outlet 51 is heated up to a predetermined temper-
ature in the heat exchange line 54 and the water heated
up to the predetermined temperature is returned to the
storage tank 50 through the hot water inlet 52. The heat
pump type hot water supply system is composed of a
tank unit 55 and a heat source unit 56, and the tank unit
55 includes the above-mentioned hot water storage tank
50. The heat source unit 56 includes a compressor 57,
a water heat exchanger 58 (forming the heat exchange
line 54), an expansion valve 59, and a heat exchanger 60.
[0003] With the above configuration, when the com-
pressor 57 is driven, refrigerant flows from the compres-
sor 57 to the water heat exchanger 58, the expansion
valve 59 and the heat exchanger 60 in this order. During
the time, the heat exchanger 60 functions as an evapo-
rator, and the water heat exchanger 58 functions as a
condenser. On the other hand, a pump 61 is provided in
the circulation line 53, and the driving of the pump 61
enables circulation of water through the circulation line
53. Therefore, the water passing through the water heat
exchanger 58, which is acting as a condenser, is heated
up therein and then returns to the hot water storage tank
50 through the hot water inlet 52.

[0004] Heated water being stored in the hot water stor-
age tank 50, however, exists at high temperatures in the
upper part of the tank and at low temperatures in the
lower part thereof. If water is returned from the circulation
line 53 directly to the storage tank 50 in the above-de-
scribed manner at the start-up or in similar cases, cold
water or low-temperature hot water will be undesirably
sent to the upper part of the storage tank 50 because the
water to be returned does not reach a desired high tem-
perature. To cope with this, there is proposed a solution
as shown in the dash-double-dot line in Figure 8. In this
solution, athree way valve 62 is provided in the circulation
line 53 and the circulation line 53 is connected at the
three way valve 62 to a bypass line 63 to form a bypass
circuitthat bypasses the storage tank 50. When the water
heated up in the heat exchange line 54 has a low tem-
perature, the bypass line 63 is put into the on state so
that the heated water circulates through the bypass cir-
cuit so as not to return to the storage tank 50, resulting
in heating the water up to a predetermined high temper-
ature.
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[0005] However, for the conventional heat pump type
hot water supply system described above, when the by-
pass line 63 is in the on state (in bypass operation), the
temperature of the water heated up in the heat exchange
line 54 is substantially equal to that of the water incoming
to the heat exchange line 54 as shown in Figure 9 (a
graph showing the relationship between the incoming
water temperature and the outgoing water temperature
of the water heat exchanger 58). In this case, the heat
source unit of heat pump type can no longer operate be-
cause of its performance limit. Therefore, the heat source
unit stops the bypass operation and performs a normal
hot water return operation in which the heated water is
returned to the tank through the hot water inlet 52. This
results in the return of the hot water at a low temperature
(in this case, 60°C) not reaching a desired temperature
(in this case, 85°C) to the upper part of the hot water
storage tank 50. At this time, as can be seen from the
graph of Figure 9, the incoming water temperature of the
heat exchange line 54 abruptly changes, which makes it
difficult to maintain the temperature of water heated up
by the heat exchange line 54 (hereinafter, referred to as
the heated water temperature of the heat exchange line
54) constant. To solve this problem, conventional sys-
tems require improved start-up performance and a com-
plicated control system for storage of hot water at a con-
stant temperature, resulting in its complicated entire con-
figuration and design difficulties. Furthermore, as shown
in Figure 8, the conventional heat pump type hot water
supply system may be provided with a bypass line 65
that is interposed between a connection line connecting
the compressor 57 and the water heat exchanger 58 and
a connection line connecting the expansion valve 59 and
the heat exchanger 60 and that has a defrost valve 64
placed in the bypass line 65 to perform a defrosting op-
eration. Here, the defrosting operation means the oper-
ation in which the expansions valve 59 is fully closed, hot
gas discharged from the compressor 57 is supplied to
the heat exchanger 60 through the bypass line 65, and
the heat exchanger 60 is thereby heated with heat of the
hot gas. In this case, when the outside air temperature
is low, such as in winter, the defrosting operation is re-
peatedly conducted, i.e., the start-up operating condition
is repeated, so that the average storage hot water tem-
perature in the storage tank drops. Therefore, in order to
raise the average storage hot water temperature to the
degree as in the cases other than the defrosting opera-
tion, itis necessary to raise the heated water temperature
of the heat exchange line 54. If it is done, the COP may
in turn drop as shown in Figure 10 (a graph showing the
relationship between the heated water temperature and
the COP). Alternatively, if the heated water temperature
of the heat exchange line is not raised as expected, the
amount of heat of the stored hot water cannot be suffi-
ciently ensured by counting on only night-time hot water
storage operation which is low in electricity cost. The sys-
tem is therefore required to perform a day-time reheating
operation which is high in electricity cost, resulting in in-
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creased cost.

JP H08 152193 A discloses a hot water supplying device
wherein a defrosting, etc., can be effectively performed
while the temperature of hot water at a lower part of a
hot water tank does not descend even at the time of de-
frosting operation, etc. The document discloses all the
features of the preamble of claim 1. The presentinvention
has been made in view of the foregoing problems, and
therefore its object is to provide a heat pump type hot
water supply system which prevents drop in the average
storage hot water temperature of the hot water storage
tank and enables to avoid day-time reheating operation
and to achieve reduced cost owing to energy conserva-
tion.

[0006] To solve the above problems, a first heat pump
type hot water supply system is directed to a heat pump
type hot water supply system which includes a hot water
storage tank 3, and a circulation line 12 connecting a
water outlet 10 at the lower part of the storage tank 3 and
a hot water inlet 11 at the upper part thereof, the circu-
lation line 12 being provided partway therealong with a
heat exchange line 14 to be heated by a heat pump heat
source, and in which water heated up in the heat ex-
change line 14 is returned to the hot water storage tank
3 through the hot water inlet 11. The first heat pump type
hot water supply system is characterised in that when
the heated water temperature of the heat exchange line
14 is equal to or below a set point, the return of the water
to the hot water storage tank 3 through the hot water inlet
11 is hindered, and when the heated water temperature
of the heat exchange line 14 is above the set point, the
outgoing water from the heat exchange line 14 is returned
to the hot water storage tank 3 through the hot water inlet
1.

[0007] With the first heat pump type hot water supply
system, when the heated water temperature of the heat
exchange line 14 is above the set point, water having
flowed out of the storage tank 3 through the water outlet
10 flows through the circulation line 12 and then returns
to the storage tank 3 through the hot water inlet 11. On
the other hand, when the water outgoing from the heat
exchange line 14 has a temperature equal to or below
the set point because it has been insufficiently heated in
the heat exchange line 14, the return of the water to the
storage tank 3 through the hot water inlet 11 is hindered.
As a result, low-temperature water or low-temperature
hot water is not returned to the upper part of the storage
tank 3 and is therefore not mixed with the hot water ex-
isting at high temperaturesin the upper part of the storage
tank 3, thereby preventing temperature drop of the high-
temperature storage water.

[0008] A second heat pump type hot water supply sys-
tem is characterised in that when the heated water tem-
perature of the heat exchange line 14 is equal to or below
the set point, the outgoing water from the heat exchange
line 14 is returned to the hot water storage tank 3 through
a supply water inlet 5 formed in the bottom of the hot
water storage tank 3.

10

15

20

25

30

35

40

45

50

55

[0009] With the second heat pump type hot water sup-
ply system, when the heated water temperature of the
heat exchange line 14 is equal to or below the set point,
the outgoing water from the heat exchange line 14 is
returned to the hot water storage tank 3 through the sup-
ply water inlet 5 in the bottom of the hot water storage
tank 3. As a result, low-temperature water or low-tem-
perature hot water from the heat exchange line 14 is
mixed with the low-temperature storage water in the low-
er part of the storage tank 3 without being mixed with the
high-temperature storage water in the upper part of the
storage tank 3. In particular, since a baffle (baffle plate)
is generally provided near to the supply water inlet 5 in-
side of the storage tank 3, low-temperature water or low-
temperature hot water entering the storage tank 3
through the supply water inlet 5 will impinge on the baffle
and therefore will not reach the high-temperature storage
water in the upper part of the storage tank 3. Thereafter,
when the heated water temperature of the heat exchange
line 14 rises and exceeds the set point, the systemreturns
to its normal operation in which the outgoing water at a
sufficiently high temperature from the heat exchange line
14 is returned to the storage tank 3 through the hot water
inlet 11. Regardless of whether the system is in the nor-
mal operating condition or in a circulation condition (by-
pass operation) using the supply waterinlet 5, the storage
water in the storage tank 3 flows out through the water
outlet 10 to the heat exchange line 14. Accordingly, as
shown in Figure 3 (a graph showing the relationship be-
tween the incoming and outgoing water temperatures of
the heat exchange line), the incoming waters to the heat
exchange line 14 in both the cases have no temperature
difference, so that the heated water temperature of the
heat exchange line 14 is kept substantially constant.
[0010] A third heat pump type hot water supply system
is characterised in that a flow return port 43 is formed in
a portion of the outer wall of the hot water storage tank
3located below the vertically middle of the hot water stor-
age tank 3, wherein the outgoing water from the heat
exchange line 14 is returned to the hot water storage tank
3 through the flow return port 43 when the heated water
temperature of the heat exchange line 14 is equal to or
below the set point.

[0011] With the third heat pump type hot water supply
system, when the heated water temperature of the heat
exchange line 14 is equal to or below the set point, the
outgoing water at a low temperature from the heat ex-
change line 14 is returned to the hot water storage tank
3 through the flow return port 43 located in a portion of
the outer wall of the hot water storage tank 3 below the
vertically middle of the hot water storage tank 3. There-
fore, low-temperature water or low-temperature hot wa-
ter is not mixed with the high-temperature storage water
in the upper part of the storage tank 3. Thereafter, when
the heated water temperature of the heat exchange line
14 rises and exceeds the set point, the system returns
to its normal operation in which the water having reached
a sufficiently high temperature is returned to the storage
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tank 3 through the hot water inlet 11. Also with this con-
figuration, the temperature of the incoming water to the
heat exchange line 14 is not different from that of the
incoming water in the other operating conditions, so that
the heated water temperature of the heat exchange line
14 is kept substantially constant.

[0012] A fourth heat pump type hot water supply sys-
tem is characterised in that the water outlet 10 is com-
posed of a supply water inlet 5 formed in the bottom of
the hot water storage tank 3, the storage water in the hot
water storage tank 3 is allowed to flow out to the circu-
lation line 12 through the supply water inlet 5, and when
the heated water temperature of the heat exchange line
14 is equal to or below the set point, the water heated up
in the heat exchange line 14 is returned to the hot water
storage tank 3 through a port 10 formed in the bottom of
the hot water storage tank 3.

[0013] With the fourth heat pump type hot water supply
system, when the heated water temperature of the heat
exchange line 14 is equal to or below the set point, the
outgoing water at a low temperature from the heat ex-
change line 14 is returned to the hot water storage tank
3 through the port 10 in the bottom of the storage tank
3. Therefore, low-temperature water or low-temperature
hot water is not mixed with the high-temperature storage
water in the upper part of the storage tank 3. Thereafter,
whenthe heated water temperature of the heat exchange
line 14 rises and exceeds the set point, the system returns
to its normal operation in which the water having reached
a sufficiently high temperature is returned to the storage
tank 3 through the hot water inlet 11. Accordingly, also
with this configuration, the incoming water temperature
of the heat exchange line 14 has not difference between
various operating conditions, so that the heated water
temperature of the heat exchange line 14 is kept sub-
stantially constant. In addition, since this configuration
avoids the need to additionally provide a flow return port,
it has the advantage of allowing use of existing hot water
storage tanks.

[0014] A fifth heat pump type hot water supply system
is characterised in that when the heated water tempera-
ture of the heat exchange line 14 is equal to or below the
set point, the outgoing water from the heat exchange line
14 is drained from the circulation line 12 to the outside.
[0015] With the fifth heat pump type hot water supply
system, when the heated water temperature of the heat
exchange line 14 is equal to or below the set point, the
outgoing water at a low temperature from the heat ex-
change line 14 is drained to the outside without being
returned to the storage tank 3. Therefore, if this operation
is continued, the heated water temperature of the heat
exchange line 14 rises with time and then exceeds the
set point. When the heated water temperature of the heat
exchange line 14 exceeds the set point, the operation to
drain the water to the outside is cancelled. As a result,
the hot water that has been heated up to a sufficiently
high temperature in the heat exchange line 14 can be
returned to the storage tank 3 through the hot water inlet
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1.

[0016] As described sofar, according to the heat pump
type hot water supply system of the present invention,
when the water has not been sufficiently heated up in the
heat exchange line, the low-temperature water or low-
temperature hot water is not returned to the upper part
of the storage tank and therefore is not mixed with the
high-temperature storage water in the upper part of the
storage tank. This prevents drop of the average storage
hot water temperature and avoids a day-time reheating
operation, resulting in reduced cost owing to energy con-
servation.

[0017] According to the second heat pump type hot
water supply system, since a baffle is generally provided
near to the supply water inlet inside of the storage tank,
low-temperature water or low-temperature hot water re-
turned therein impinges on the baffle so as not to reach
the high-temperature storage water in the upper part of
the storage tank, which provides the average storage hot
water temperature with further stability. Furthermore,
since the storage water in the tank is taken to the heat
exchange line through the water outlet in both the normal
operating condition and the circulation operating condi-
tion (bypass operation) using the supply water inlet, there
is no difference in the incoming water temperature of the
heat exchange line between both the operating condi-
tions. Therefore, the heated water temperature of the
heat exchange line can be kept substantially constant.
In other words, even if the system has switched from the
bypass operation to the normal operation, there is no
substantial variation in the incoming water temperature
between both the operations and therefore the heated
water temperature of the heat exchange line can be kept
substantially constant. Accordingly, the start-up perform-
ance of the system can be improved with a simple control
system, and the outgoing water temperature can be kept
stably at a high temperature.

[0018] According to the third or fourth heat pump type
hot water supply system, like the second heat pump type
hotwater supply system, theincoming water temperature
ofthe heatexchange line does notvary substantially even
at the switchover from the bypass operation to the normal
operation, and therefore the heated water temperature
of the heat exchange line can be kept substantially con-
stant. As a result, as compared with conventional hot
water supply systems of this kind, the start-up perform-
ance can be improved with a simple control system. In
addition, the fourth heat pump type hot water supply sys-
tem avoids the need to additionally provide a flow return
port or the like and allows use of existing (already in-
stalled) hot water storage tanks, which contributes to cost
reduction.

[0019] According to the fifth heat pump type hot water
supply system, since no low-temperature water is re-
turned to the storage tank, variations in the average stor-
age hot water temperature can certainly be reduced,
which ensures achievement of energy conservation.
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Figure 1 is a circuit diagram schematically showing
a heat pump type hot water supply system according
to an embodiment of the present invention.

Figure 2 is a block diagram of a control section of
the above heat pump type hot water supply system.

Figure 3 is a graph showing the relationship between
the incoming water temperature and the outgoing
water temperature in the above heat pump type hot
water supply system.

Figure 4 is a circuit diagram schematically showing
a modified example of a selector means in the above
heat pump type hot water supply system.

Figure 5 shows another embodiment of the heat
pump type hot water supply system of the present
invention, wherein Figure 5A is a circuit diagram
schematically showing an essential part, and Figure
5B is a circuit diagram schematically showing the
essential part using the selector means shown in Fig-
ure 4.

Figure 6 shows still another embodiment of the heat
pump type hot water supply system of the present
invention, wherein Figure 6A is a circuit diagram
schematically showing an essential part, and Figure
6B is a circuit diagram schematically showing the
essential part using the selector means shown in Fig-
ure 4.

Figure 7 shows still another embodiment of the heat
pump type hot water supply system of the present
invention, wherein Figure 7A is a circuit diagram
schematically showing an essential part, and Figure
7B is a circuit diagram schematically showing the
essential part using the selector means shown in Fig-
ure 4. The Figure 7A and Figure 7B are not covered
by claim 1 of the present invention.

Figure 8 is a circuit diagram schematically showing
a conventional heat pump type hot water supply sys-
tem.

Figure 9 is a graph showing the relationship between
the incoming water temperature and the outgoing
water temperature in the conventional heat pump
type hot water supply system.

Figure 10 is a graph showing the relationship be-
tween the heated water temperature and the COP
in the conventional heat pump type hot water supply
system.

[0020] Description will be made in detail about embod-
iments of the present invention with reference to the
drawings. Figure 1 is a schematic circuit diagram of a
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heat pump type hot water supply system according to an
embodiment of the present invention. The hot water sup-
ply system includes a tank unit 1 and a heat source unit
2, and is configured to heat water (warm water) in the
tank unit 1 with the heat source unit 2.

[0021] The tank unit 1 includes a hot water storage
tank 3. The hot water stored in the storage tank 3 is sup-
pliedtoabathtuband soon. Forthis purpose, the storage
tank 3 has a supply water inlet 5 formed in the bottom
wall thereof and a hot water outlet 6 formed in the top
wall thereof, so that water is fed to the storage tank 3
through the supply water inlet 5 and high-temperature
hot water goes out through the hot water outlet 6. In this
case, the supply water inlet 5 is connected to a supply
water line 8 having a check valve 7, and a baffle 9 is
provided near to the supply water inlet 5 inside of the
storage tank 3. Furthermore, a water outlet 10 is formed
in the bottom wall of the storage tank 3, and a hot water
inlet 11 is formed in the upper part of the side wall (pe-
ripheral wall) of the storage tank 3.

[0022] The water outlet 10 and the hot water inlet 11
are connected together through a circulation line 12. In
the circulation line 12, a pump 13 and a heat exchange
line 14 are provided. Furthermore, a three-way valve 16
as a selector means 15 described later is provided in a
portion of the circulation line 12 close to the hot water
inlet 11. The three-way valve 16 is connected to a bypass
line 17 connecting in return to the supply water line 8.
Therefore, this heat pump type hot water supply system
can perform two operations: a normal operation in which
water (warm water) flows through the water outlet 10 into
the circulation line 12 and passes through the circulation
line 12, and the water heated up in the circulation line 12
then returns to the storage tank 3 through the hot water
inlet 11 without flowing through the bypass line 17; and
abypass operation in which the water (warm water) flows
through the water outlet 10 into the circulation line 12,
passes through the circulation line 12, flows into the by-
pass line 17 through the three-way valve 16 and then
returns from the bypass line 17 through the supply water
inlet 5 to the storage tank 3.

[0023] Furthermore, the storage tank 3 includes four
remaining water amount sensors 18a, 18b, 18c and 18d
vertically spaced atregular pitches on the side wall there-
of, and a temperature sensor 19 on the top wall thereof.
Each of the remaining water amount sensors 18a, 18b,
18c and 18d and the temperature sensor 19 is formed
of a thermistor, for example. Moreover, the circulation
line 12 is provided with an incoming water thermistor 20
at its side upstream of the heat exchange line 14 (more
specifically, upstream of the pump 13), and an outgoing
water thermistor 21 (forming a sensor 22 for sensing the
temperature of water heated up by the heat exchange
line 14 (i.e., heated water temperature)) at its side down-
stream of the heat exchange line 14.

[0024] Referring to Figure 2, a control section of the
heat pump type hot water supply system is provided with
a controller 23 for controlling the selector means 15 ac-



9 EP 2 241 829 B1 10

cording to the heated water temperature sensed by the
sensor 22. Specifically, when the heated water temper-
ature sensed by the sensor 22 is equal to or below a set
point (e.g., 85°C) preset by a setting means 24, the con-
troller 23 causes the three-way valve 16 as the selector
means 15 to change to the position for the bypass oper-
ation in which the water flows through the bypass line
17. On the other hand, when the heated water tempera-
ture exceeds the set point, the controller 23 causes the
three-way valve 16 to change to the position for the nor-
mal operation in which the hot water does not flow
through the bypass line 17. Here, the set point means a
high temperature substantially equal to the temperature
of the hot water in the upper part of the storage tank 3.
The controller 23 and the other means in the control sec-
tion are each formed using, for example, a microcomput-
er containing a CPU, a memory, and an input/output in-
terface.

[0025] Referring again to Figure 1, the heat source unit
2 includes a refrigerant circuit, and the refrigerant circuit
includes a compressor 25, a water heat exchanger 26
constituting the heat exchange line 14, a subcooling heat
exchanger 27, areceiver 28, an expansion valve 29, and
a heat exchanger 30. The refrigerant circuit further in-
cludes arefrigerantline 31 through which the compressor
25 and the water heat exchanger 26 are connected, and
another refrigerant line 32 through which the expansion
valve 29 and the heat exchanger 30 are connected. A
bypass line 33 is connected between both the refrigerant
lines 31 and 32, and is provided with a defrosting valve
34. The refrigerant circuit 31 is provided with a thermistor
35, an HPS 36 as a pressure protective switch, and a
pressure sensor 37, while the heat exchanger 30 is pro-
vided with a heat exchanger thermistor 38. Furthermore,
a supercritical refrigerant for use in a supercritical state,
such as carbon dioxide (COZ2), is used as a refrigerant.
In Figure 1, the reference numeral 39 indicates an outside
air thermistor.

[0026] Thebypassline 33is for performing a defrosting
operation to supply a hot gas discharged from the com-
pressor 25 to the heat exchanger 30 for defrosting of the
heat exchanger 30. For this purpose, the heat source
unit 2 includes a defrosting controller (not shown) for
changeover between a normal water heating operation
and the defrosting operation. Specifically, in the normal
water heating operation, the water heat exchanger 26
and the heat exchanger 30 act as a condenser and an
evaporator, respectively, thereby heating the water pass-
ing through the heat exchange line 14. In the defrosting
operation, the hot gas flows through the heat exchanger
30 so that it heats up the heat exchanger 30. The de-
frosting controller is formed using, for example, a micro-
computer containing a CPU, a memory, and an input/out-
put interface, like the controller 23.

[0027] Next, description will be made about operations
of the heat pump type hot water supply system having
the above-described configuration. First, the compressor
25 is driven, so that the water heat exchanger 26 acts as
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a condenser and the heat exchanger 30 acts as an evap-
orator. Next, the pump 13 is driven (operated). Thereby,
storage water (warm water) flows out of the storage tank
3 through the water outlet 10 in the tank bottom, and then
flows through the heat exchange line 14 of the circulation
line 12. During the time, the water is heated up by the
water heat exchanger 26 functioning as a condenser.
Thereafter, the heated water returns to the upper part of
the storage tank 3 through the three-way valve 16 and
the hot water inlet 11. This operation is conducted re-
peatedly so that high-temperature hot water is stored in
the storage tank 3. It is to be noted that this operation is
preferably conducted in late night hours when the elec-
tricity rates are low for the purpose of cost reduction.
[0028] During start-up or in like conditions, water heat-
ing in the heat exchange line 14 may not be sufficiently
conducted and therefore the heated water temperature
of the heat exchange line 14 may not reach the set point.
In the heat pump type hot water supply system of this
embodiment, however, if the heated water temperature
of the heat exchange line 14 is equal to or below the set
point, the sensor 22 senses that and the controller 23
causes the three-way valve 16 as the selector means 15
to change the position so that the water in the circulation
line 12 flows through the bypass line 17. In other words,
when the heated water temperature is equal to or below
the set point, the system performs the bypass operation
to return the hot water at a low temperature below the
set point to the storage tank 3 through the supply water
line 8 and the supply water inlet 5 without returning it to
the storage tank 3 through the hot water inlet 11. There-
after, when the heated water temperature exceeds the
set point, the controller 23 allows the selector means 15
to change the position so that the system enters into the
normal operating condition in which the hot water does
not flow through the bypass line 17. In short, the hot water
reaching a desired high temperature can be returned to
the storage tank 3 through the hot water inlet 11.
[0029] As can be seen from the above, in the heat
pump type hot water supply system of this embodiment,
when the heated water temperature of the heat exchange
line 14 is at a low temperature, the outgoing water is
returned to the lower side of the storage tank 3. There-
fore, as shown in Figure 3 (a graph showing the relation-
ship between the incoming water temperature and the
outgoing water temperature of the water heat exchanger
26), the temperature of water incoming from the tank low-
er side water outlet 10 to the heat exchange line 14 is
keptlow. Accordingly, even if the system is changed from
the bypass operation to the normal water heating oper-
ation (i.e., even if the system is turned to a bypass OFF
operating condition), the incoming water temperature of
the heat exchange line 14 substantially does not change
and the heated water temperature thereof can be kept
substantially constant. Furthermore, as a result of the
bypass operation, the heated water temperature can be
raised to a sufficiently high temperature. This makes it
possible to keep hot water fed from the storage tank 3 at
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a stable high temperature. Consequently, improvement
in the start-up performance and hot water storage at a
constant temperature can be achieved with a simple con-
trol system.

[0030] Furthermore, when the outside air is at low tem-
peratures, such as in winter, the system performs a de-
frosting operation by the defrosting controller. Specifical-
ly, when the temperature of the heat exchanger thermis-
tor 38 is equal to or below a reference value, the defrost-
ing controller fully closes the expansion valve 29 and
opens the defrosting valve 34. Here, the reference value
is the temperature indicating that it is undesirable to con-
tinue the normal operation any more, because tempera-
ture drop beyond the reference value invites the frosting
of the heat exchanger 30 and eventually performance
drop. In such a case, a hot gas discharged from the com-
pressor 25is supplied to the heat exchanger 30 to defrost
the heat exchanger 30 by the heat from the hotgas. When
the temperature of the heat exchanger 30 exceeds the
reference value, the defrosting controller fully closes the
defrosting valve 34 and opens the expansion valve 29,
thereby returning the system to the normal operation.
Thereafter, the same switchover from normal to defrost-
ing operation is made at appropriate times so as not to
frost the heat exchanger 30. Then, when the defrosting
operation is completed, the system enters into the same
state as in the start-up, i.e., in the state where the water
returned from the circulation line 12 to the storage tank
3 has a low temperature. Even in this case, however, the
water is not returned to the storage tank 3 through the
hot water inlet 11 to avoid drop in the average storage
hot water temperature until the outgoing water from the
heat exchange line 14 reaches a high temperature by
the bypass operation. In this manner, the heated water
temperature of the heat exchange line 14 can be suffi-
ciently raised to ensure a sufficient outgoing water tem-
perature by night-hours operation (off-peak operation).
This avoids the need for reheating operation in day hours
when the electricity rates are high, resulting in cost re-
duction.

[0031] As described above, the heat pump type hot
water supply system of this embodiment includes the re-
ceiver 28 and the subcooling heat exchanger 27. The
receiver 28 is for keeping the amount of circulation of the
refrigerant in the refrigerant circuit at an adequate
amount. The subcooling heat exchanger 27 is for adjust-
ing the amount of refrigerant charged into the receiver
28. Provision of these elements enables a proper refrig-
eration cycle and a stable heated water temperature of
the heat exchange line 14 to be kept.

[0032] Next, Figure 4 shows a modified example of the
selector means 15. In this example, the selector means
15is composed of two two-way valves 40 and 41 without
using the three-way valve 16. Specifically, one of the two-
way valves 40 is disposed near to the hot water inlet 11
in the circulation line 12, while the other two-way valve
41 is disposed in the bypass line 17. During the normal
operation, the two-way valve 40 is opened while the two-
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way valve 41 closed. During the bypass operation, the
two-way valve 40 is closed while the two-way valve 41
opened. In these manners, the two-way valves 40 and
41 have the same function as the three-way valve 16.
Therefore, also when the system uses the selector
means 15 shown in Figure 4, the outgoing water from
the heat exchange line 14 is not returned to the storage
tank 3 through the hot water inlet 11 to avoid drop in the
average storage hot water temperature until the heated
water temperature of the heat exchange line 14 reaches
ahigh temperature. Itis to be noted that the opening/clos-
ing operations on the two-way valves 40 and 41 are made
of course by the controller 23 according to the tempera-
ture sensed by the sensor 22.

[0033] Next, Figure 5 shows a heat pump type hot wa-
ter supply system according to another embodiment of
the present invention. Figure 5A is a schematic circuit
diagram of an essential part, and Figure 5B is a sche-
matic circuit diagram of the essential part using the se-
lector means 15 shown in Figure 4. In these cases, the
supply water inlet 5 of the storage tank 3 in Figure 1 is
used as a water outlet 10, and the water outlet 10 of the
storage tank 3 in Figure 1 is used as a flow return port
43. Specifically, in the normal operation, the low-temper-
ature storage water flows out of the storage tank 3
through the water outlet 10 doubling as the supply water
inlet 5 to the circulation line 12 and is heated up by the
heat exchange line 14 in the circulation line 12, and the
water heated up to a high temperature is returned to the
storage tank 3 through the selector means 15 and the
hot water inlet 11. On the other hand, when the heated
water temperature of the heat exchange line 14 is equal
to or below the set point, such as at the start-up or during
the defrosting operation, the controller 23 (not shown in
this embodiment), like the heat pump type hot water sup-
ply system of Figure 1, causes the selector means 15 to
change to the position in which the water in the circulation
line 12 flows through the bypass line 17. In this case, the
opening which functions as the water outlet 10 in Figure
1 is used as the flow return port 43 so that the water is
returned to the storage tank 3 through the bypass line
17. Since the heat pump type hot water supply system
shown in Figure 5B uses the two-way valves 40 and 41
instead of the three-way valve 16, it can perform the same
operations as the heat pump type hot water supply sys-
tem shown in Figure 5A.

[0034] Next, Figure 6 shows a heat pump type hot wa-
ter supply system according to still another embodiment
of the present invention. Figure 6A is a schematic circuit
diagram of an essential part, and Figure 6B is a sche-
matic circuit diagram of the essential part using the se-
lector means 15 shown in Figure 4. In the case of Figure
6A, the flow return port 43 is formed in the vertically in-
termediate portion of the side wall of the storage tank 3,
and is connected to the bypass line 17 connecting to the
selector means 15. Therefore, in the normal operation,
the low-temperature storage water flows out of the stor-
age tank 3 through the water outlet 10 to the circulation
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line 12 and is heated up by the heat exchange line 14 in
the circulation line 12, and the water heated up to a high
temperature is returned to the storage tank 3 through the
selector means 15 and the hot water inlet 11. On the
other hand, when the heated water temperature of the
heat exchange line 14 is equal to or below the set point,
such as at the start-up or during the defrosting operation,
the controller 23 (not shown in this embodiment), like the
heat pump type hot water supply system shown in Figure
1, causes the selector means 15 to change positions. As
a result, the water in the circulation line 12 flows through
the bypass line 17, and is returned to the storage tank 3
through the bypass line 17 and the flow return port 43.
Since the heat pump type hot water supply system shown
in Figure 6B uses the two-way valves 40 and 41 instead
of the three-way valve 16, it can perform the same oper-
ations as the heat pump type hot water supply system
shown in Figure 6A.

[0035] As can be seen from the above, the heat pump
type hot water supply systems shown in Figures 5 and 6
can also have the same effect as the heat pump type hot
water supply system shown in Figure 1, i.e., the effect of
preventing drop in the average storage hot water tem-
perature by avoiding the return of the water from the heat
exchange line 14 to the storage tank 3 through the hot
water inlet 11 until the heated water temperature of the
heat exchange line 14 reaches a high temperature.
[0036] Next, Figure 7 shows a heat pump type hot wa-
ter supply system according to still another embodiment
of the present invention. Figure 7A is a schematic circuit
diagram of an essential part, and Figure 7B is a sche-
matic circuit diagram of the essential part using the se-
lector means 15 shown in Figure 4. In the case of Figure
7A, the bypass line 17 is not connected to the storage
tank 3, butthe water entering the bypass line 17 is drained
(discharged) to the outside. Specifically, in the normal
operation, the low-temperature storage water flows out
of the storage tank 3 through the water outlet 10 to the
circulation line 12 and is heated up by the heat exchange
line 14 in the circulation line 12, and the water heated up
to a high temperature is returned to the storage tank 3
through the selector means 15 and the hot water inlet
11. On the other hand, when the heated water tempera-
ture of the heat exchange line 14 is equal to or below the
set point, such as at the start-up or during the defrosting
operation, the controller 23 (not shown in this embodi-
ment), like the heat pump type hot water supply system
shown in Figure 1, causes the selector means 15 to
change positions. As a result, the water in the circulation
line 12 flows through the bypass line 17, and is then
drained to the outside through the bypass line 17. In this
case, the drained water may be discharged directly to
sewers or may be discharged after being used for wash-
ing or any other purposes.

[0037] Accordingly, the heat pump type hot water sup-
ply system shown in Figure 7 can also have the same
effect, i.e., the effect of preventing drop in the average
storage hot water temperature by avoiding the return of
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the water from the heat exchange line 14 to the storage
tank 3 through the hot water inlet 11 until the heated water
temperature of the heat exchange line 14 reaches a high
temperature. Since the heat pump type hot water supply
system shown in Figure 7B uses the selector means 15
shown in Figure 4, it can perform the same operations
as the heat pump type hot water supply system shown
in Figure 7A.

[0038] The embodiments ofthe presentinvention have
been described so far. The present invention, however,
is not limited to the above-described embodiments but
can be put into practice also in the form of various chang-
es and modifications which fall within the scope of this
invention. For example, the set point as a reference for
the changeover between the normal water heating oper-
ation and the bypass operation can be freely preset. How-
ever, the set point is preferably set around the tempera-
ture in the upper part of the storage tank 3, and more
preferably set at about 85°C. Furthermore, the position
of the flow return port 43 can be freely changed so long
as it is not above the vertically middle point of the side
wall of the storage tank 3. Furthermore, the subcooling
heat exchanger 27 and/or the receiver 28 may be omitted
from the heat source unit 2.

Claims

1.  Aheat pump hot water supply system which includes
a hot water storage tank (3), a bypass line (17), and
a circulation line (12) connecting a water outlet (10)
at the lower part of the storage tank (3) and a hot
water inlet (11) at the upper part thereof, the circu-
lation line (12) being provided partway therealong
with a heat exchange line (14) to be heated by a heat
pump heat source, and in which water heated up in
the heat exchange line (14) is returned to the hot
water storage tank (3) through the hot water inlet
(11), wherein the heat pump hot water supply system
includes a selector means (15), characterised in
that
the hot water storage tank (3) includes: a flow return
port (43) formed in a portion of the outer wall of the
hotwater storage tank (3) located below the vertically
middle of the hot water storage tank (3), wherein the
selector means (15) allows the outgoing water from
the bypass line (17) to return to the hot water storage
tank (3) through the flow return port (43) when the
heated water temperature of the heat exchange line
(14) is equal to or below a set point, and also allows
the outgoing water from the heat exchange line (14)
to return to the hot water storage tank (3) through
the hot water inlet (11) when the heated water tem-
perature of the heat exchange line (14) exceeds the
set point.



15 EP 2 241 829 B1 16

Patentanspriiche

1.

Heisswasserversorgungsanlage mit Warmepumpe,
welche einen Heisswasserspeichertank (3), eine
Umgehungsleitung (17) und eine Umwalzleitung
(12), die einen Wasserauslass (10) an dem unteren
Teil des Speichertankts (3) und einen Heissswasse-
reinlass (11) an dem oberen Teil desselben verbin-
det, umfasst, wobei die Umwalzleitung (12) entlang
eines Teils derselben mit einer Warmetauschleitung
(14) versehenist, die von einer Warmepumpen-War-
mequelle zu beheizen ist, und wobei in der Warme-
tauschleitung (14) erwarmtes Wasser durch den
Heisswassereinlass (11) zu dem Heisswasserspei-
chertank (3) zuriickgeleitet wird, wobei die Heiss-
wasserversorgungsanlage mit Warmepumpe ein
WahImittel (15) umfasst,

dadurch gekennzeichnet, dass

der Heisswasserspeichertank (3) umfasst: einen
Rucklaufanschluss (43), der in einem Abschnitt der
AuRenwand des Heisswasserspeichertanks (3), der
unterhalb der vertikalen Mitte des Heisswasserspei-
chertanks (3) angeordnet ist, ausgebildet ist, wobei
das WahImittel (15) das ausstrdmende Wasser aus
der Umgehungsleitung (17) durch den Rucklauf-
anschluss (43) zu dem Heisswasserspeichertank (3)
zurlickkehren lasst, wenn die Temperatur des er-
warmten Wassers der Warmetauschleitung (14)
kleiner oder gleich einem Sollwert ist, und auch das
ausstromende Wasser von der Warmetauschleitung
(14) durch den Heisswassereinlass (11) zu dem
Heisswasserspeichertank (3) zurlickkehren I8sst,
wenn die Temperatur des erwdrmten Wassers der
Warmetauschleitung (14) den Sollwert tGberschrei-
tet.

Revendications

Installation a eau chaude avec pompe a chaleur, qui
comprend une cuve de stockage d’eau chaude (3),
une conduite de dérivation (17), et une conduite de
circulation (12) reliant une sortie d’eau (10) dans la
partie inférieure de la cuve de stockage (3) a une
entrée d’eau chaude (11) dans la partie supérieure
de celle-ci, la conduite de circulation (12) étant pour-
vue, a mi-chemin le long de celle-ci, d’'une conduite
d’échange de chaleur (14) destinée a étre chauffée
par une source de chaleur a pompe a chaleur, et
dans laquelle de I'eau chauffée dans la conduite
d’échange de chaleur (14) est réalimentée dans la
cuve de stockage d’eau chaude (3) par’entrée d’eau
chaude (11), l'installation a eau chaude avec pompe
a chaleur comprenant un moyen de sélection (15),
caractérisée en ce que

la cuve de stockage d’eau chaude (3) comprend :
un orifice de retour de flux (43) formé dans une partie
de la paroi extérieure de la cuve de stockage d’eau
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chaude (3) située en dessous du milieu dans le sens
vertical de la cuve de stockage d’eau chaude (3), le
moyen de sélection (15) permettant a I'eau sortant
de la conduite de dérivation (17) de retourner dans
la cuve de stockage d’eau chaude (3) par l'orifice de
retour de flux (43) quand la température de l'eau
chauffée de la conduite d’échange de chaleur (14)
est égale ou inférieure a une valeur de consigne et
permettant aussi a I'eau sortant de la conduite
d’échange de chaleur (14) de retourner dans la cuve
de stockage d’eau chaude (3) par I'entrée d’eau
chaude (11) quand la température de I'eau chauffée
de la conduite d’échange de chaleur (14) dépasse
la valeur de consigne.
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