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(54) HOT-WATER SUPPLY APPARATUS

(57)  An object of the present invention is to provide
a hot water supply apparatus capable of determining
whether a heating unit has a heating capability capable
of corresponding to a tank unit when one of the heating
unit or the tank unit is replaced. Whether a heat pump
unit 10 which is connected to a tank unit 20 has a heating
capability capable of corresponding to the tank unit 20 is
determined based on type data of the heat pump unit 10
having a heating capability capable of corresponding to
the tank unit 20 memorized by a main controller 70. By
this, it becomes possible to prevent supplying to users,
together with the tank unit 20, the heat pump unit 10
which does not have the heating capability capable of
corresponding to the tank unit 20. Therefore, itis possible
to prevent causing inconveniences after the supplying
caused by the deficiency of the heating capability.
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Description
TECHNICAL FIELD

[0001] The presentinventionrelatestoahotwatersup-
ply apparatus comprises a heating unit for heating water
and a tank unit for storing heated water heated by the
heating unit.

BACKGROUND ART

[0002] Conventionally, this kind of hot water supply ap-
paratus having a heating unit for heating water and a tank
unit for storing heated water heated by the heating unit
(see the patent document 1).

Patent Document 1: Japanese Patent publication
No. 2007-240151

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0003] Inthe said conventional hot water supply appa-
ratus, the heating unit and the tank unit can be operated
only when they used as a combination of which the type
of the heating unit matches with the type of the tank unit.
Also, it was impossible to exchange the heating unit or
the tank unit with the other type of heating unit or tank
unit. On the other hand, there is an idea of enabling to
connect a heating unit with a tank unit of a type that is
not corresponding to the type of the heating unit. How-
ever, since the heating capabilities of heating units are
different from each other, if the heating unit is connected
to a tank unit and the heating unit does not have a cor-
responding heating capability for the tank unit, it might
become impossible to supply water of required amount
and temperature.

[0004] An object of the present invention is to provide
a hot water supply apparatus capable of determining
whether a heating unit has a heating capability capable
of corresponding to a tank unit when one of heating unit
or tank unit is exchanged.

MEANS FOR SOLVING THE PROBLEM

[0005] To achieve the above object, in the present in-
vention, a hot water supply apparatus comprises a heat-
ing unit for heating water, a tank unit for storing hot water
heated by the heating unit, a memory for memorizing a
plurality of type data of heating units each of which has
heating capability corresponding to the tank unit, and a
determining portion for determining whether the heating
unit which is connected to the tank unit has a heating
capability capable of corresponding to the tank unit based
on the type data of heating units memorized in the mem-
ory.

[0006] Bythis, itis determined whether the heating unit
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which is connected to the tank unit is a type having a
heating capability capable of corresponding to the tank
unit. Therefore, supplying to users, together with a tank
unit, a heating unit which does not have a heating capa-
bility capable of corresponding to the tank unit may be
prevented.

[0007] Also,toachieve the above object, inthe present
invention, a hot water supply apparatus comprises a
heating unit for heating water, a tank unit for storing hot
water heated by the heating unit, a capability measure-
ment portion for measuring a heating capability of the
heating unit by operating the heating unit connected to
the tank unit, and a determining portion which regards
the heating unit which is connected to the tank unit as a
heating unit which has heating capability capable of cor-
responding to the tank unit when the measured heating
capability of the heating unit measured by the capability
measurement portion is equal to or more than a prede-
termined level.

[0008] Bythis, itis determined whether the heating unit
which is connected to the tank unit has a heating capa-
bility capable of corresponding to the tank unit. Therefore,
supplying to users, together with a tank unit, a heating
unit which does not have a heating capability capable of
corresponding to the tank unit may be prevented.

EFFECT OF THE INVENTION

[0009] According to this invention, it is possible to pre-
vent supplying to users, together with a tank unit, a heat-
ing unit which does not have a heating capability capable
of corresponding to the tank unit. Therefore, it is possible
to prevent causing inconveniences after the supplying
caused by the deficiency of the heating capability.
[0010] The above and other objects, features, and ad-
vantages of the present invention will become more ap-
parent from the following description and the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

FIG. 1 is a schematic configuration view of a hot wa-
ter supply apparatus showing a first embodiment of
the present invention;

FIG. 2 is a flow chart showing an operation of a con-
troller when connecting a heat pump unit to a tank
unit;

FIG. 3 is a schematic configuration view of the hot
water supply apparatus showing a second embodi-
ment of the present invention;

FIG. 4 is a flow chart showing an operation of the
controller when connecting the heat pump unit to the
tank unit.
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DESCRIPTION OF SYMBOLS

[0012] 10 ... heat pump unit, 20 ... tank unit, 70 ... con-
troller, 71 ... remote controller for kitchen, 71b... display
portion, 72 ... remote controller for bathroom, 72b ... dis-
play portion, 80 ... heat pump controller.

BEST MODE FOR CARRYING OUT THE INVENTION

[0013] FIGS. 1 and 2 show a first embodiment of the
present invention. FIG.1 is a schematic configuration
view of a hot water supply apparatus, and FIG. 2 is a flow
chart showing an operation of a controller when connect-
ing a heat pump unit to a tank unit.

[0014] This hot water supply apparatus comprises a
heat pump unit 10 for heating water by using electric pow-
er, a tank unit 20 for storing hot water heated by the heat
pump unit 10, a water supply pipe 30 for supplying water
to the tank unit 20, a bathroom, and a kitchen, a hot water
supply pipe 40 for supplying hot water stored in the tank
unit 20 to the bathroom and the kitchen, a first circulation
circuit 50 for circulating water between heat pump unit
10 and tank unit 20, and a second circulation circuit 60
for circulating water in a bathtub 61 between the tank unit
20 and a bathtub 61 in the bathroom. This hot water sup-
ply apparatus is to store in the tank unit 20 hot water
heated by the heat pump unit 10 and to supply hot water
storedin the tank unit 20 for washing dishes in the kitchen,
for bathing in the bathroom, and etc., and also to supply
hot water stored in the tank unit 20 as a heat source for
reheating stored hot water in the bathtub 61.

[0015] The heat pump unit 10 comprises an electrical-
ly-powered compressor 11, a gas cooler 12, an expan-
sion valve 13, and an evaporator 14, which are connected
in series by pipes made by copper or stainless steel so
as to configure a refrigerant circuit 10a. Also, the refrig-
erant circuit 10a is filled with carbon dioxide as a refrig-
erant of which high-pressure side becomes in a super-
critical state. The gas cooler 12 is arefrigerant-water heat
exchanger in which a flow passage on a water side form
a part of the first circulation circuit 50. The evaporator 14
is a refrigerant-air heat exchanger, and a fan 14a is pro-
vided in the vicinity of the evaporator 14 so that air which
exchanges heat with the refrigerant in the evaporator 14
can flow through the evaporator.

[0016] The tank unit 20 comprises a hot water storage
tank 21, a reheating heat exchanger 22 for conducting
heat exchange between water in the bath tub 61, which
flows through the second circulation circuit 60, and hot
water in the hot water storage tank 21, and a third circu-
lation circuit 23 for circulating hot water between the hot
water storage tank 21 and the reheating heat exchanger
22.

[0017] The hot water storage tank 21 is made of stain-
less steel or fiber reinforced plastic (FRB), etc., and is
covered with a heat insulating material such as glass-
wool, foamed urethane, vacuumed heat insulating ma-
terial, or etc. so as to prevent heat radiation of a stored
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hot water. Also, in this embodiment, as the hot water
storage tank 21, a 370 liter tank is used.

[0018] The reheating heat exchanger 22 is a water-
water heat exchanger, and one side of flow passages of
the reheating heat exchanger 22 forms a part of the sec-
ond circulation circuit 60, and the other side of the flow
passages of the reheating heat exchanger 22 forms a
part of the third circulation circuit 23.

[0019] The third circulation circuit 23 is configured by
connecting in series an upper part of the hot water stor-
age tank 21, the reheating heat exchanger 22, a circula-
tion pump 23a, and a lower part of the hot water storage
tank 21 by copper pipes or stainless steel pipes. Hot wa-
ter in the upper part of the hot water storage tank 21
returns to the lower part of the hot water storage tank 21
via the reheating heat exchanger 22 by the circulation
pump 23a.

[0020] The water supply pipe 30 comprises afirst water
supply pipe 31 connected to the lower part of the hot
water storage tank 21, a second water supply pipe 32
connected to the hot water supply pipe 40, and a third
water supply pipe 33 connected to faucets A in the bath-
room and the kitchen. A pressure reducing valve 30a is
provided on the water supply pipe 30 which is located at
an upper stream side relative to the first water supply
pipe 31, the second water supply pipe 32, and the third
water supply pipe 33 so as to reduce pressure of water
supplied from waterworks to make the water pressure be
at a predetermined pressure and make the water flow.
[0021] The hot water supply pipe 40 comprises a first
hot water supply pipe 41, one side of which is connected
to the upper part of the hot water storage tank 21 and
the other side of which is connected to a first mixing valve
40a, which is for mixing hot water in the hot water storage
tank 21 with water which flows through the second water
supply pipe 32, and a second mixing valve 40b, a second
hot water supply pipe 42, one side of which is connected
to the first mixing valve 40a and the other side of which
is connected to the faucet A in the bathroom and the
kitchen, and a third hot water supply pipe 43, one side
of which is connected to the second mixing valve 40b
and the other side of which is connected to the second
circulation circuit 60. Hot water in the upper part of the
hot water storage tank 21 flows through the hot water
supply pipe 40 in accordance with pressure of water flows
into the hot water storage tank 21 from the first water
supply pipe 31. Also, on the third hot water supply pipe
43, a solenoid valve 43a for opening and closing the flow
passage of the third hot water supply pipe 43 is provided.
[0022] The first circulation circuit 50 is configured by
connecting in series the lower part of the hot water stor-
age tank 21, a circulation pump 51, the gas cooler 12,
and the upper part of the hot water storage tank 21 by
copper pipes, stainless steel pipes, vulcanized polyeth-
ylene pipes, or etc., and water in the lower part of the hot
water storage tank 21 flows into the upper part of the hot
water storage tank 21 via the gas cooler 12 by the circu-
lation pump 51.
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[0023] The second circulation circuit 60 is configured
by connecting in series the bathtub 61, the circulation
pump 62, the reheating heat exchanger 22, and the bath-
tub 61 by copper pipes, stainless steel pipes, vulcanized
polyethylene pipes, or etc., and hot water in the bathtub
61 returns to the bathtub 61 via the reheating heat ex-
changer 22 by the circulation pump 62.

[0024] Also, the hot water supply apparatus comprises
a main controller 70 provided on the tank unit 20 for con-
trolling operations, a heat pump controller 80 which re-
ceives signals from the main controller 70 and controls
operations of the heat pump unit 10, the heat pump con-
troller 80 provided in the heat pump unit 10, a remote
controller for kitchen 71, and a remote controller for bath-
room 72 provided respectively in the kitchen and the bath-
room so as to control and set up the operations.

[0025] The controller 70 is composed by a microcom-
puter, a memory of the microcomputer memorizes pro-
grams for operations, operation modes, and etc., and
information such as type data of heat pump unit 10 ca-
pable of corresponding to the tank unit 20, and etc. Also,
the main controller 70 is capable of communicating with
the heat pump controller 80 by a first communication
method or a second communication method which are
different with each other, and there are differences such
as difference relating amounts of data capable of being
transmitted.

[0026] The heat pump controller 80 is connected to the
main controller 70 by a communication cable, receives
signals transmitted from the main controller 70, and con-
trols operations of equipments such as the compressor
11 and the fan 14a of the heat pump unit 10, and etc.
Also, the heat pump controller 80 sends a type data of
the heat pump unit 10 in response to operation status of
the heat pump unit 10 and the signals transmitted from
the main controller 70.

[0027] A remote controller for kitchen 71 and a remote
controller for bathroom 72 are connected to the main con-
troller 70 by communication cables respectively, and the
remote controller for kitchen 71 and the remote controller
for bathroom 72 each comprises a plurality of switches
71aand 72a such as switches for operations like supply-
ing hot water to the bathtub 61, reheating water, and etc.,
a switch for setting temperature which is used to set up
temperature of hot water to be supplied, a priority switch
for changing a priority between the remote controller for
kitchen 71 and the remote controller for bathroom 72, a
communication switch for having conversation between
a person in the kitchen and a person in the bathroom,
and etc., and display portions 71b and 72b for displaying
a operation status, set-up temperature, and etc.

[0028] In the above described hot water supply appa-
ratus, the compressor 11, the fan 14a, and the circulation
pump 51 are operated so as to conduct the heating-up
operation for heating water by using midnight electric
power and the adding water and heating operation for
adding water and heating the added water when the
amount of remaining hot water in the hot water storage
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tank 21 becomes less than a predetermined amount. By
this, a refrigerant discharged from the compressor 11
absorbs heat by flowing into the evaporator 14 via the
expansion valve 13 after radiating heat by passing
through the gas cooler 12, and the refrigerant is suck up
by the compressor 11. Also, water in the lower part of
the hot water storage tank 21 passes through the first
circulation circuit 50 by the circulation pump 51, the water
is heated in the gas cooler 12 by exchanging heat with
the refrigerant, and is stored in the upper part of the hot
water storage tank 21. When a predetermined amount
of hot water at the predetermined temperature is stored
in the hot water storage tank 21, the operations of the
compressor 11, the fan 14a, and the circulation pump 51
are stopped.

[0029] As to the heating-up operation, in accordance
with operation modes, temperature of hot water stored
in the hot water storage tank 21 is set up to be within
65~90°C, and the amount of hot water to be stored in the
hot water storage tank 21 is set up to be within 370~320
liters. Also, as to the adding water and heating operation,
temperature of hot water stored in the hot water storage
tank 21 is set up to be a set-up temperature of an imme-
diately preceding heating-up operation.

[0030] Also, hotwaterinthe upper part of the hot water
storage tank 21 passes through the first hot water supply
pipe 41, then, by the first mixing valve 40a, the hot water
is mixed with water which passes through the second
water supply pipe 32 and temperature of the mixed hot
water becomes the set-up temperature set up by the re-
mote controller for kitchen 71 or the remote controller for
bathroom 72, the hot water flows through the second hot
water supply pipe 42, and the hot water is supplied from
the faucet A in the kitchen or in the bathroom.

[0031] Also, hotwater in the upper part of the hot water
storage tank 21 passes through the first hot water supply
pipe 41, then, by the second mixing valve 40b, the hot
water is mixed with water passes through the second
water supply pipe 32 and temperature of the mixed hot
water becomes the set-up temperature set up by the re-
mote controller for kitchen 71 or the remoter controller
for bathroom 72, the hot water flows through the third hot
water supply pipe 43 and the second circulation circuit
60, and the hot water is supplied to the bathtub 61 when
the bathtub 61 is to be filled with hot water.

[0032] Also, as to a reheating operation, by operating
the circulation pumps 23a and 62, hot water in the bathtub
61 is circulated by the second circulation circuit 60, and
hot water in the hot water storage tank 21 is circulated
in the third circulation circuit 23. By this, hot water in the
bathtub 61 is heated at the reheating heat exchanger 21
by exchanging heat with hot water in the upper part of
the hot water storage tank 21 and flows back to the bath-
tub 61.

[0033] Moreover, operations of the main controller 70
when installing the heat pump unit 10 and the tank unit
20 for the first time or when replacing either one of the
heat pump unit 10 or the tank unit 20 due to a breakdown,
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and etc., are explained as follows by using the flowchart
in FIG.2.

[0034] Firstly, if an initialization procedure is conduct-
ed (Step S1), and the initialization procedure is complet-
ed without problems (Step S2), the main controller 70
establishes connection with the heat pump unit 10 (Step
S3), and requires the heat pump controller 80 to transmit
the type data of the heat pump unit 10 via the first com-
munication method (Step S4). At this time, if the initiali-
zation procedure is failed (Step S2), an alert is displayed
on the display portions 71b and 72b as being that the
tank unit 20 has a problem (Step S5), and operations are
stopped (Step S6). When the controller70 receives the
signal of type data transmitted from the heat pump con-
troller 80 (Step S7), if the type data of the heat pump unit
10 obtained from the received signal is determined to be
capable of corresponding to the tank unit 20 (Step S8),
a control constant or etc. which corresponds to the type
of the heat pump unit 10 is set up (Step S9). Also, if the
type data of the heat pump unit 10 obtained from the
received signal is determined to be incapable of corre-
sponding to the tank unit 20 (Step S8), an alert alerting
that the type of the heat pump unit 10 is not suitable for
the tank unit 20 is displayed (Step S10), and the opera-
tions are stopped (Step S11). Also, if the controller 70
does not receive the type data of the heat pump unit 10
via the first communication method (Step S7), the heat
pump controller 80 is requested to transmit the type data
of the heat pump unit 10 by the second communication
method (Step S12). By this, when the controller 70 re-
ceives the type data from the heat pump controller 80
(Step S13), communication method is set up to be the
second communication method (Step S14), when the
controller 70 does not receive the type data from the heat
pump controller 80 (Step S13), an alert alerting that the
communication method is not applicable is displayed
(Step S15), and operations are stopped (Step S16).
Moreover, when the type data of the heat pump unit 10
obtained from the received signal is determined to be
capable of corresponding to the tank unit 20 (Step S17),
a control constant or etc. which corresponds to the type
of the heat pump unit 10 is set up (Step S18). Also, when
the type of the heat pump unit 10 obtained from the re-
ceived signal is determined to be incapable of corre-
sponding to the tank unit 20 (Step S17), an alert alerting
that the type of the heat pump unit 10 is not applicable
for the tank unit 20 is displayed (Step S19), and the op-
erations are stopped (Step S20).

[0035] As described above, by the hot water supply
apparatus of this embodiment, it is determined whether
the heat pump unit 10 which is connected to the tank unit
20 has a heating capability capable of corresponding to
the tank unit 20 based on the type data of the heat pump
units 10 each having a corresponding heating capability
to the tank unit 20 memorized by the main controller 70.
By this, itbecomes possible to prevent supplyingto users,
together with a tank unit 20, a heat pump unit 10 which
does not have a heating capability capable of corre-
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sponding to the tank unit 20. Therefore, it is possible to
prevent causing inconveniences after the supplying
caused by the deficiency of the heating capability.
[0036] FIGS. 3 and 4 show the second embodiment of
the presentinvention. FIG. 3 is a schematic configuration
view of the hot water supply apparatus, and FIG. 4 is a
flow chart showing an operation of the controller when
connecting a heat pump unit to the tank unit. Also, the
elements which are the same to the ones in the previously
explained first embodiment are assigned the same sym-
bols.

[0037] The heat pump controller 80 of this hot water
supply apparatus is connected with the compressor 11,
a first temperature detector 81 for detecting temperature
of hot water flows from the gas cooler 12 of the first cir-
culation circuit 50, and a second temperature detector
82 for detecting temperature of refrigerant discharged
from the compressor 11 of the refrigerant circuit 10a, and
the heat pump controller 80 transmits signals of the com-
pressor 11, the first temperature detector 81, and the
second temperature detector 82 to the main controller 70.
[0038] Inthe above described hot water supply appa-
ratus, operations of the main controller 70 when installing
the heat pump unit 10 and the tank unit 20 for the first
time and when replacing either one of the heat pump unit
10 or the tank unit 20 due to a breakdown, and etc., are
explained as follows by using the flowchart of FIG 4.
[0039] Firstly, if an initialization procedure is conduct-
ed (Step S31), and the initialization procedure is com-
pleted without problems (Step S32), the main controller
701 establishes connection with the heat pump unit 10
(Step S33), and requires the heat pump unit 10 to start
operation (Step S34). At this time, if the initialization pro-
cedure is failed (Step S32), the alert is displayed on the
display portions 71b and 72b as being that the tank unit
20 has a problem (Step S35), and the operations are
stopped (Step S36). Next, when operation of the com-
pressor 11 is confirmed (Step S37), and a detected tem-
perature T1 of the first temperature detector 81 is higher
than a predetermined temperature T1s (Step S38), and
a detected temperature T2 of the second temperature
detector 82 is higher than a predetermined temperature
T2s (Step S39), a heating capability of the heat pump
unit 10 is calculated based on the detected temperature
T1 of the temperature detector 81 and the detected tem-
perature T2 of the temperature detector 82 (Step S40),
a result that the connected heat pump unit 10 is capable
of corresponding to the heat pump unit 20, and the cal-
culated heating capability are displayed on the display
portions 71b and 72b (Step S41), and the operations of
the heat pump unit 10 is stopped (Step S42). At this time,
if the operation of the compressor 11 can not be con-
firmed (Step S37), if the detected temperature T1 of the
first temperature detector 81 is lower than the predeter-
mined temperature T1s (Step S38), or if the detected
temperature T2 of the second temperature detector 82
is lower than the predetermined temperature T2s (Step
S39), the alert alerting that the connected heat pump unit
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10 does not correspond to the tank unit 20 is displayed
(Step S43), and the operations of the heat pump unit 10
are stopped (Step S44).

[0040] As to the calculation and display of the heating
capability of the heat pump unit 10, an operation mode
corresponds to a maximum capability of the heat pump
unit 10 (for example, water temperature: 80°C, amount
of hot water: 370 liters, and etc.) is calculated and dis-
played on the display portions 71b and 72b.

[0041] As described above, by the hot water supply
apparatus of this embodiment, the heating capability of
the heat pump unit 10 is measured by operating the heat
pump unit 10 which is connected to the tank unit 20. And
when the measured heating capability is higher than a
predetermined value, the heat pump unit 10 connected
to the tank unit 20 is determined to be capable of corre-
sponding to the tank unit 20. By this, it becomes possible
to prevent supplying to users, together with the tank unit
20, the heat pump unit 10 which does nothave the heating
capability capable of corresponding to the tank unit 20.
Therefore, itis possible to prevent causing inconvenienc-
es after the supplying caused by the deficiency of the
heating capability.

[0042] Also, when the heating capability of the heat
pump unit 10 is insufficient, the alert is displayed on the
display portions 71b and 72b. By this, itbecomes possible
to output that the heat pump unit 10 connected to the
tank unit 20 does not have the sufficient heating capability
capable of corresponding to the tank unit 20. Therefore,
it is possible to surely prevent a construction error.
[0043] Also, the operation mode which corresponding
to the maximum capability of the connected heat pump
unit 10 is displayed on the display portions 71b and 72b
or etc. By this, it becomes possible for users to know the
heating capability of the heat pump unit 10 easily. There-
fore, it becomes capable of replacing the heat pump unit
10 according to judgment of users.

[0044] Also, the embodiments only disclosed the hot
water supply apparatus which comprises the heat pump
unit 10 and the tank unit 20 separately, however, the
invention can be applied to a hot water supply apparatus
integrally comprises the heat pump unit 10 and the tank
unit 20.

[0045] The preferred embodiments described in this
specification are illustrative and not restrictive. The scope
of invention is given by the appended claims, and all
changes and modifications included in the meaning of
claims are embraced in the present invention.

Claims
1. A hot water supply apparatus comprising:
a heating unit (10) for heating water;
a tank unit (20) for storing hot water heated by

the heating unit (10);
a memory (70) for memorizing a plurality of type
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data of heating units (10) each of which has heat-
ing capability corresponding to the tank unit (20);
and

a determining portion (70, 80) for determining
whether the heating unit (10) which is connected
to the tank unit (20) has a heating capability ca-
pable of corresponding to the tank unit (20)
based on the type data of heating units (10)
memorized in the memory (70).

2. A hot water supply apparatus comprising:

a heating unit (10) for heating water;

a tank unit (20) for storing hot water heated by
the heating unit (10);

a capability measurement portion (70, 80) for
measuring a heating capability of the heating
unit (10) by operating the heating unit (10) con-
nected to the tank unit (20); and

a determining portion (70) which regards the
heating unit (10) which is connected to the tank
unit (20) as a heating unit (10) which has heating
capability capable of corresponding to the tank
unit (20) when the measured heating capability
of the heating unit (10) measured by the capa-
bility measurement portion (70, 80) is equal to
or more than a predetermined level.

3. The hot water supply apparatus according to claim
2, further comprising
a warning portion (71b, 72b) for warning when the
measured heating capability of the heating unit (10)
measured by the capability measurement portion
(70, 80) is less than a predetermined level.

4. The hot water supply apparatus according to claim
2 or 3, further comprising
a display portion (71b, 72b) for displaying an appli-
cable operation mode corresponding to the meas-
ured heating capability of the heating unit (10) meas-
ured by the capability measurement portion (70, 80).
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FIG. 2
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FIG. 4
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