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(54) HOT-WATER SUPPLY SYSTEM AND METHOD OF CONTROLLING THE SAME

(57) Information that is obtained from the side of a
hot-water storage tank is correctly conveyed to the side
of a heat source device. A hot-water supply system 1
includes a heat source device 3; a hot-water-stored-
amount detecting unit 21 that detects the amount of hot
water stored in a hot-water storage tank 20; an electrical
valve 9 that adjusts the flow level of heated hot water

supplied from the heat source device 3 to the hot-water
storage tank 20; a control unit 30 that is provided in the
heat source device 3 and that controls the heat source
device 3 based on information about the amount of stored
hot water detected by the hot-water-stored-amount de-
tecting unit 21 and a degree-of-opening signal of the elec-
trical valve 9.
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Description

Technical Field

[0001] The present invention relates to a hot-water supply system and a method of controlling the same.

Background Art

[0002] Recently, with the growing concern for environmental problems, in order to prevent global warming, there is
interest in the shift to electrical heat pumps, which discharge less CO2 (carbon dioxide). In particular, heat-pump hot-
water supply apparatuses utilizing CO2 refrigerant are increasingly being used since they enable a considerable reduction
in CO2 emissions, it is possible to attain high-temperature supplied hot water owing to the refrigerant characteristics,
and running costs can be reduced compared with conventional combustion-type boilers.
[0003] According to Patent Document 1 cited below, a domestic heat-pump hot-water supply apparatus includes a
heat source device (heat pump unit) constituting a refrigerant circuit through which refrigerant circulates so that heat is
exchanged between outdoor air and the refrigerant, and a hot-water storage tank that stores hot water heated by the
heat source device. In this machine, a hot-water-supply control unit provided in a tank unit containing the hot-water
storage tank receives outputs from individual sensors in the tank unit and controls the operation of individual devices,
which enables hot-water supply and bath operation according to settings made from a remote controller connected to
the hot-water-supply control unit.

Citation List

Patent Literature

[0004]

{PTL 1}
Japanese Unexamined Patent Application, Publication No. 2012-149795

Summary of Invention

Technical Problem

[0005] With heat-pump hot-water supply apparatuses for commercial/industrial use, there are problems about space
due to the large sizes of heat source devices and hot-water storage tanks, problems about load bearing limits due to
the large volumes of hot water stored in hot-water storage tanks, and so forth. Thus, there are cases where it is not
possible to install a hot-water storage tank in the vicinity of a heat source device, and the hot-water storage tank and
the heat source device are installed far from each other. Furthermore, in a heat-pump hot-water supply apparatus for
commercial/industrial use, an extended electrical wire connected to a temperature sensor or a water-level sensor installed
in a hot-water storage tank is provided between a heat source device and the hot-water storage tank, and is connected
to a control unit provided on the side of the heat source device, and the control unit on the side of the heat source device
controls the heat source device based on information obtained from various sensors via electrical wires.
[0006] In the case where the distance between the positions of the heat source device and the hot-water storage tank
is long, however, due to problems with the noise endurance of the electrical wire, there have been concerns about the
risks of incorrect detection of the temperature or water level of water in the hot-water storage tank on the side of the
heat source device. Furthermore, since the technology described in Patent Document 1 described above involves doubly
connecting the heat-pump control unit on the side of the heat source device with the hot-water-supply control unit in the
tank unit by using a communication line and a power line, it is not possible to suppress the risks of incorrect detection
when information from a stored-hot-water temperature sensor that detects the temperature of hot water stored in the
hot-water storage tank is obtained at the heat source device.
[0007] The present invention has been made in view of the situation described above, and it is an object thereof to
provide a hot-water supply system and a method of controlling the same with which it is possible to convey information
obtained from the side of a hot-water storage tank correctly to the side of a heat source device.

Solution to Problem

[0008] In order to achieve the above object, the present invention employs the following solutions.
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[0009] A first aspect of the present invention is a hot-water supply system including a heat source device; a hot-water-
stored-amount detecting means that detects the amount of hot water stored in a hot-water storage tank that stores hot
water heated by the heat source device; an electrical valve that is provided in a path of supplying the hot water heated
by the heat source device to the hot-water storage tank and that adjusts the flow level of hot water supplied to the hot-
water storage tank according to a control signal; a controlling means that is provided in the heat source device and that
controls the heat source device based on information about the amount of stored hot water detected by the hot-water-
stored-amount detecting means and based on a degree-of-opening signal of the electrical valve; and an interface means
that is connected to the hot-water-stored-amount detecting means and the electrical valve via electrical wires so that
the information about the amount of stored hot water detected by the hot-water-stored-amount detecting means and the
degree-of-opening signal of the electrical valve can be input and output via the electrical wires, and that is also connected
to the controlling means via a communication line and that converts the information about the amount of stored hot water
and the degree-of-opening signal of the electrical valve input and output via the electrical wires into signals that can be
sent to and received from the controlling means via the communication line, wherein the controlling means includes a
first connecting means that allows connection with the interface means so that information can be sent and received via
the communication line.
[0010] According to the first aspect of the present invention, when the amount of hot water stored in the hot-water
storage tank that stores hot water heated by the heat source device is detected, the information is sent to the interface
means via the electrical wires, and the degree-of-opening signal of the electrical valve on the path for supplying the hot
water heated by the heat source device to the hot-water storage tank is sent to the interface means via the electrical
wires. The information about the amount of stored hot water and the degree-of-opening signal of the electrical valve,
obtained via the electrical wires, are converted into signals that can be sent and received via the communication line
and sent to the controlling means via the communication line interconnecting the interface means and the controlling
means. The controlling means controls the heat source device based on the information about the amount of stored hot
water and the degree-of-opening signal of the electrical valve, obtained via the communication line.
[0011] Conventionally, it has been the case that measured values representing information about the amount of stored
hot water detected from a hot-water storage tank and a degree-of-opening signal of an electrical valve are input to the
side of a heat source device via extended electrical wires that are connected thereto. In this case, attenuation becomes
large in the case where the heat source device and the hot-water storage tank are remote from each other, which results
in a failure to accurately deliver the information about the amount of stored hot water and the degree-of-opening signal
of the electrical valve. According to the present invention, the interface means is provided between the heat source
device and the hot-water storage tank, the interface means and the heat source device are connected to each other via
the communication line, and information about the amount of stored hot water and information about the degree-of-
opening signal of the electrical valve are input to the heat source device via the communication line. Thus, even in the
case where the heat source device and the hot-water storage tank are remote from each other, the information about
the amount of stored hot water and the information about the degree-of-opening signal of the electrical valve are delivered
to the heat source device more reliably compared with before.
[0012] The case where the heat source device and the hot-water storage tank are remote from each other refers to
the case where, for example, the distance therebetween is 20 m or longer.
[0013] In the above hot-water supply system, the controlling means may include a second connecting means that
makes it possible to send information to and receive information from the hot-water-stored-amount detecting means via
the electrical wires and a third connecting means that makes it possible to send information to and receive information
from the electrical valve via the electrical wires.
[0014] Depending on the execution pattern required for installing the heat source device, it is possible to choose
whether the communication line or the electrical wires are to be used for input and output of information to and from the
controlling means provided in the heat source device.
[0015] The above hot-water supply system may further include a temperature detecting means that is installed in the
vicinity of an inlet for hot water that flows into the hot-water storage tank, that detects the temperature at the inlet of the
hot-water storage tank, and that outputs information about the detected temperature to the controlling means, and the
controlling means may control the heat source device based on the temperature detected by the temperature detecting
means.
[0016] In the case where the heat source device and the hot-water storage tank are remote from each other, it is
conceivable that hot water heated by the heat source device dissipates heat in the middle of the path and that its
temperature becomes lower than the temperature reached by being heated by the heat source device at the time when
the hot water is supplied to the hot-water storage tank. According to the present invention, since the heat source device
is controlled in accordance with the temperature at the inlet of the hot-water storage tank, it is possible to supply hot
water at a desired temperature to the hot-water storage tank in consideration of heat dissipation even in the case where
the heat source device and the hot-water storage tank are remote from each other.
[0017] A second aspect of the present invention is a method of controlling a hot-water supply system, including a first
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step of detecting the amount of hot water stored in a hot-water storage tank that stores hot water heated by a heat source
device; a second step of adjusting the flow level of hot water supplied to the hot-water storage tank according to a control
signal for an electrical valve that is provided in a path of supplying hot water heated by the heat source device to the
hot-water storage tank; a third step of controlling the heat source device at the side of the heat source device based on
information about the amount of stored hot water detected and a degree-of-opening signal of the electrical valve; and
a fourth step of inputting and outputting the information about the amount of stored hot water detected in the first step
and the degree-of-opening signal of the electrical valve via electrical wires and converting the information about the
amount of stored hot water and the degree-of-opening signal of the electrical valve input and output via the electrical
wires into signals that can be sent and received via a communication line.

Advantageous Effects of Invention

[0018] According to the present invention, an advantage is afforded in that it is possible to convey information that is
obtained from the side of a hot-water storage tank correctly to the side of a heat source device.

Brief Description of Drawings

[0019]

{Fig. 1}
Fig. 1 is a schematic diagram showing the configuration of a hot-water supply system according to a first embodiment
of the present invention.
{Fig. 2}
Fig. 2 schematically shows the configuration of a control unit according to the first embodiment of the present
invention.
{Fig. 3}
Fig. 3 shows an example of a hot-water storage tank in a hot-water supply system according to a modification of
the first embodiment of the present invention.
{Fig. 4}
Fig. 4 is a schematic diagram showing the configuration of a hot-water supply system according to a second em-
bodiment of the present invention.

Description of Embodiments

[0020] Hot-water supply systems and methods of controlling the same according to embodiments of the present
invention will be described below with reference to the drawings.

First Embodiment

[0021] This embodiment will be described in the context of an example where a hot-water supply system according
to the present invention is a commercial/industrial-use EcoCute (registered trademark) system that can supply an amount
of hot water adequate for a large-scale facility by using a heat source device (heat pump unit) utilizing natural CO2
refrigerant in combination with a hot-water storage unit. However, the present invention is not limited to this example.
[0022] As shown in Fig. 1, the hot-water supply unit 1 includes a heat source device 3, a hot-water storage unit 2,
water pipes 4a, 4b, 4c, 4d, and 4e, electrical wires 5a and 5b, a communication line 6, an interface unit (interface means)
7, and a temperature detecting unit (temperature detecting means) 8.
[0023] In the heat source device 3, the CO2 refrigerant absorbs heat in the air, the refrigerant is compressed by a
compressor to raise its temperature, and heat is transferred from the high-temperature refrigerant to boil water to a
specified temperature. The heat source device 3 in this embodiment is a supercritical-cycle heat pump filled with CO2
refrigerant as a working medium, and this heat pump itself may be a known heat pump. Furthermore, although a super-
critical-cycle heat pump utilizing CO2 refrigerant is described here as an example of the heat source device 3, the heat
source device 3 need not necessarily be implemented by a heat pump in this embodiment and may instead be imple-
mented by other equipment, such as a boiler or a fuel cell.
[0024] The heat source device 3 is connected to the water pipe 4a for introducing water that is supplied from the side
of the hot-water storage unit 2 and to the water pipe 4b for discharging high-temperature water. The heat source device
3 heats low-temperature water supplied from the water pipe 4a and supplies the heated high-temperature water (e.g.,
about 60 to 70 °C, hereinafter also referred to as "hot water") to the water pipe 4b.
[0025] The water pipe 4c is a hot-water supply path for supplying hot water stored in a hot-water storage tank 20 to
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a supply destination.
[0026] The water pipe 4d is a path through which the hot water discharged from the heat source device 3 is introduced
to the bottom side of the hot-water storage tank 20 in the case where the temperature of the discharged hot water is
below a desired temperature (specified temperature), whereby the hot water is bypassed to the water pipe 4e.
[0027] The water pipe 4e is a pipe for supplying low-temperature water to the hot-water storage tank 20 and is connected
to a water supply.
[0028] The hot-water storage unit 2 includes the hot-water storage tank 20 and hot-water-stored-amount detecting
units (hot-water-stored-amount detecting means) 21a, 21b ..., and 21n. Unless explicitly specified, these hot-water-
stored-amount detecting units will be simply referred to as hot-water-stored-amount detecting units 21.
[0029] The hot-water storage tank 20 receives water (e.g., 10 °C) from the water supply via the water pipe 4e and
also receives hot water (e.g., about 60 to 70 °C) heated by the heat source device 3 from the top side via the water pipe
4b. Thus, temperature layers constituted of water on the lower side and the hot water on the upper side are formed in
the hot-water storage tank 20. The hot-water-stored-amount detecting units 21 are provided in the hot-water storage
tank 20 and detect the boundary between the temperature layers.
[0030] The multiple hot-water-stored-amount detecting units 21 are provided in the hot-water storage tank 20 and
detect the amount of hot water stored in the hot-water storage tank 20, which stores hot water heated by the heat source
device 3. For example, thermistors that serve as temperature sensors are provided along the vertical direction (top-
bottom direction) to constitute the hot-water-stored-amount detecting units 21a, 21b, ..., and 21n. Of the multiple hot-
water-stored-amount detecting units 21a, 21b, ..., and 21n, the hot-water-stored-amount detecting unit 21a is a temper-
ature sensor installed at a position corresponding to 100% of the hot-water storage capacity. Furthermore, for example,
the hot-water-stored-amount detecting unit 21b is a temperature sensor installed at a position corresponding to 90% of
the hot-water storage capacity, and the hot-water-stored-amount detecting unit 21n is a temperature sensor installed at
a position corresponding to 10% of the hot-water storage capacity.
[0031] Information about the temperatures detected by the individual hot-water-stored-amount detecting units (tem-
perature sensors) 21a, 21b, ..., and 21n is output to the interface unit 7. Furthermore, when the information about the
temperatures detected by the individual temperature sensors is output to the control unit 30 (described later in detail),
the control unit 30 is able to detect the boundary of the temperature and detect the amount of stored hot water based
on the position of the temperature sensor that has detected the temperature at the boundary. The thermistors have
characteristics such that their resistances decrease as the temperatures become higher and their resistances increase
as the temperatures become lower.
[0032] Although nine hot-water-stored-amount detecting units 21 are provided in this embodiment as an example, the
number of the hot-water-stored-amount detecting units 21 is not particularly limited.
[0033] The electrical valve 9 is provided in the path of the water pipe 4b for supplying hot water heated by the heat
source device 3 to the hot-water storage tank 20 and adjusts the flow level of the hot water supplied to the hot-water
storage tank 20 according to a control signal. More specifically, the electrical valve 9 is controlled so as to distribute hot
water to the water pipe 4d connected to the bottom of the hot-water storage tank 20 according to the control signal output
from the control unit 30 in the case where the temperature of the hot water discharged from the heat source device 3 is
below a desired temperature. The electrical valve 9 is controlled so as to distribute hot water to the water pipe 4b
connected to the top of the hot-water storage tank 20 according to the control signal output from the control unit 30 in
the case where the temperature of the hot water discharged from the heat source device 3 is at or above the desired
temperature.
[0034] Although the distance between the heat source device 3 and the hot-water storage tank 20 of the hot-water
storage unit 2 is 100 m in this embodiment, there is no limitation as to the distance.
[0035] The interface unit 7 is connected to the hot-water-stored-amount detecting units 21 via an electrical wire 5a
and obtains information about the amount of stored hot water detected by the hot-water-stored-amount detecting units
21. The interface unit 7 is also connected to the electrical valve 9 via an electrical wire 5b to allow input and output of a
degree-of-opening signal of the electrical valve 9. The interface unit 7 is provided in the vicinity of the hot-water storage
tank 20, but its position is not particularly limited.
[0036] The interface unit 7 is connected to the control unit 30 via a communication line 6. The interface unit 7 converts
the information about the amount of stored hot water and the degree-of-opening signal of the electrical valve 9 input via
the electrical wires 5a and 5b into signals that can be sent to and received from the control unit 30 and outputs these
signals to the control unit 30 via the communication line 6. The interface unit 7 also converts the control signal obtained
from the control unit 30 via the communication line 6 into a signal that can be sent to and received from the electrical
valve 9 and outputs the signal to the electrical valve 9 via the electrical wire 5b.
[0037] The heat source device 3 includes the control unit (controlling means) 30.
[0038] The control unit 30 is connected such that information can be sent to and received from various devices provided
in the heat source device 3, the temperature detecting unit (temperature detecting means) 8, the electrical valve 9, etc.
and outputs control signals to these devices, etc.
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[0039] For example, as shown in Fig. 2, the control unit 30 is implemented by a microcomputer whose main components
include a central processing unit (CPU) 33 that executes programs, a main memory 34 such as a random access memory
(RAM) that temporarily stores the results of computation by the CPU 33, etc., an auxiliary storage device 35 that stores
the programs executed by the CPU 33, an input and output interface 36 such as a digital I/O, and a communication
interface 37.
[0040] The control unit 30 is connected to an instruction input device such as a remote controller 10. The control unit
30 obtains information about the specified temperature (requested temperature) and the requested amount of hot water
to be stored in the hot-water storage tank 20 input via the remote controller 10 by a user of the hot-water supply system 1.
[0041] During the operation of the hot-water supply system 1, the control unit 30 controls the hot-water producing level
to produce high-temperature water at the specified temperature (requested temperature) by controlling the rotation rates
of a compressor and a water pump (not shown) of the heat source device 3 based on values detected by temperature
sensors (not shown) individually installed on the side of the water pipe 4a for introducing low-temperature water and on
the side of the water pipe 4b for discharging high-temperature water. Furthermore, during the operation of the hot-water
supply system 1, the control unit 30 controls the activation and deactivation of the heat source device 3 and the water
pump for the purpose of what are called routine boiling and additional boiling based on values detected by the hot-water-
stored-amount detecting units 21a, 21b, ..., and 21n.
[0042] The control unit 30 is provided in the heat source device 3 and controls the heat source device 3 based on the
information about the amount of stored hot water detected by the hot-water-stored-amount detecting units 21 and the
degree-of-opening signal of the electrical valve 9. More specifically, the control unit 30 has a first connector (first con-
necting means) 31 that allows connection such that information can be sent to and received from the interface unit 7 via
the communication line 6. When the control unit is connected to the interface unit 7 via the communication line 6, the
control unit 30 obtains, via the communication line 6, the information about the amount of stored hot water and the
degree-of-opening signal of the electrical valve 9 that have been converted by the interface unit 7 into the format that
can be sent and received via the communication line 6.
[0043] Furthermore, the control unit 30 may have a second connector (second connecting means) 32a that makes it
possible to send information to and receive information from the hot-water-stored-amount detecting units 21 via the
electrical wire 5a without the involvement of the interface unit 7 and a third connector (third connecting means) 32b that
makes it possible to send information to and receive information from the electrical valve 9 via the electrical wire 5b
without the involvement of the interface unit 7. This makes it possible to apply the present invention to an existing hot-
water storage tank and to a hot-water supply system not equipped with the interface unit 7.
[0044] The control unit 30 detects the boundary of the temperature between hot water and cold water in the hot-water
storage tank 20 based on information about the temperatures at the individual temperature sensors detected by the hot-
water-stored-amount detecting units 21, thereby estimating the amount of hot water stored in the hot-water storage tank
20.
[0045] The temperature detecting unit 8 is installed in the vicinity of the inlet for hot water that flows into the hot-water
storage tank 20. The temperature detecting unit 8 detects the temperature of the pipe at the inlet of the hot-water storage
tank 20 and outputs information about the detected temperature to the control unit 30. In this embodiment, the temperature
detecting unit 8 detects the temperature of the pipe instead of detecting the temperature of the fluid (hot water) flowing
through the pipe. For example, the temperature detecting unit 8 is a thermistor that serves as a temperature sensor.
[0046] Although it is assumed here that the temperature detecting unit 8 and the control unit 30 are connected to each
other via the interface unit 7, without limitation to this configuration, the temperature detecting unit 8 and the control unit
30 may be connected to each other directly without the interface unit 7 being provided in between. More specifically, in
the case where the interface unit 7 is provided in between, the temperature detecting unit 8 and the interface unit 7 are
connected to each other via an electrical wire, and the interface unit 7 and the control unit 30 are connected to each
other via a communication line. In the case where the interface unit 7 is not provided in between, the temperature
detecting unit 8 and the control unit 30 are connected to each other via an electrical wire.
[0047] Upon obtaining the information about the temperature at the inlet of the hot-water storage tank 20 from the
temperature detecting unit 8, the control unit 30 controls the compressor and water pump of the heat source device 3
based on the detected temperature. By thus controlling the heat source device 3 in accordance with the temperature at
the inlet of the hot-water storage tank 20, it is possible to supply hot water of a desired temperature to the hot-water
storage tank 20 in consideration of heat dissipation even in the case where the heat source device 3 and the hot-water
storage tank 20 are remote from each other.
[0048] The operation of the hot-water supply system 1 according to the present invention will be described below.
[0049] A user of the hot-water supply system 1 operates the remote controller 10 to enter information about the specified
temperature (requested temperature) at the tap side (the point where hot water is supplied from the water pipe 4c, e.g.,
the point of usage for a shower, a cleaning line, etc.) and/or the amount of hot water stored in the hot-water storage tank 20.
[0050] Water is supplied from the water supply to the hot-water storage tank 20 via the water pipe 4e. The water
supplied from the hot-water storage tank 20 to the heat source device 3 via the water pipe 4a is heated by the heat
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source device 3 to become hot water (e.g., 70 °C), and the hot water heated by the heat source device 3 is discharged
to the water pipe 4b.
[0051] The electrical valve 9 is controlled so that the hot water discharged from the heat source device 3 is supplied
from the water pipe 4b to the hot-water storage tank 20 from the bottom of the hot-water storage tank 20 via the water
pipe 4d until the temperature of the hot water discharged from the heat source device 3 reaches the specified temperature
(requested temperature). When the temperature of the hot water heated by the heat source device 3 reaches the specified
temperature, the electrical valve 9 is controlled so that the hot water discharged from the heat source device 3 is flowed
into the water pipe 4b connected to the top of the hot-water storage tank 20 from the water pipe 4b via the electrical
valve 9, whereby the hot water is supplied to the hot-water storage tank 20 from the top of the hot-water storage tank 20.
[0052] The temperature information detected by the multiple temperature sensors that detect the amount of stored
hot water is output to the interface unit 7 via the electrical wire 5a. Furthermore, the degree-of-opening signal of the
electrical valve 9 is output to the interface unit 7 via the electrical wire 5b.
[0053] The information about the amount of stored hot water (temperature information) and the degree-of-opening
signal of the electrical valve 9, obtained via the electrical wires 5a and 5b, are converted into signals that can be sent
and received via the communication line 6. The information about the amount of stored hot water and the degree-of-
opening signal of the electrical valve 9, converted by the interface unit 7, are sent to the control unit 30 via the commu-
nication line 6 interconnecting the interface unit 7 and the control unit 30.
[0054] The control unit 30 detects the boundary of the temperature in the hot-water storage tank 20 based on information
about the temperatures individually detected by the multiple temperature sensors and estimates the amount of stored
hot water by considering that the vicinity of the position of the temperature sensor detected as the boundary of the
temperature is the interface between temperature layers. In the case where the estimated amount of stored hot water
has not reached the amount of stored hot water requested by the user (remote controller), the water continues to be
heated by the hot-water storage tank 20, and water is supplied repeatedly until the requested amount of stored hot water
is reached.
[0055] Furthermore, the degree-of-opening signal of the electrical valve 9 is fed back to the control unit 30. The control
unit 30 controls the heat source device 3 as needed and controls the electrical valve 9 based on the temperature of the
hot water discharged from the heat source device 3 and the specified temperature at the hot-water supply side.
[0056] Furthermore, the temperature of the pipe at the inlet of the hot-water storage tank 20 is detected in the vicinity
of the inlet of the hot-water storage tank 20, and information about the detected temperature is output to the control unit 30.
[0057] The heat source device 3 is controlled based on the temperature of the pipe in the vicinity of the inlet of the
hot-water storage tank 20 so that the specified temperature will be reached on the tap side.
[0058] For example, in the case where the specified temperature (at the water pipe 4c) requested by the user is 70
°C, the heat source device 3 is controlled so that the temperature of the hot water discharged from the heat source
device 3 to the water pipe 4b becomes 70 °C. In the case where the distance between the heat source device 3 and the
hot-water storage tank 20 is long (e.g., 100 m), the temperature of the hot water flowing through the water pipe 4b drops
due to heat dissipation in the path of the water pipe 4b, and the temperature of the pipe at the temperature detecting
unit 8 sometimes drops to about 65 °C. Thus, the temperature of the pipe detected by the temperature detecting unit 8
is fed back to the controller 30, the temperature of the hot water discharged from the heat source device 3 is set to 75
°C so that the temperature of the pipe at the temperature detecting unit 8 will reach the temperature specified by the
user in view of heat dissipation in the water pipe 4b, and the heat source device 3 is controlled accordingly. The temperature
setting described here is only an example and does not limit the present invention.
[0059] As described hereinabove, with the hot-water supply system 1 and a method of controlling the same according
to the present invention, since the interface unit 7 is provided between the heat source device 3 and the hot-water storage
tank 20, the interface unit 7 and the heat source device 3 are connected to each other via the communication line 6,
and information about the amount of stored hot water and information about the degree-of-opening signal of the electrical
valve 9 are input to the heat source device 3 via the communication line 6, even in the case where the heat source
device 3 and the hot-water storage tank 20 are remote from each other, it is possible to deliver the information about
the amount of stored hot water and the information about the degree-of-opening signal of the electrical valve 9 more
reliably and accurately to the heat source device 3 compared with the case of extending electrical wires.
[0060] Furthermore, since the temperature detecting unit 8 is provided to feed back the temperature in the vicinity of
the inlet of the hot-water storage tank 20, even if the heat source device 3 and the hot-water storage tank 20 are remote
from each other, it is possible to control the heat source device 3 in consideration of heat dissipation that occurs between
the heat source device 3 and the hot-water storage tank 20. Thus, it is possible to obtain hot water at a desired temperature
on the hot-water supply side.
[0061] The control unit 30 has a first connector 31 that allows connection with the interface unit 7 via the communication
line 6, a second connector 32a that allows connection with the hot-water-stored-amount detecting units 21 via the
electrical wire 5a without the interface unit 7 being provided in between, and a third connector 32b that allows connection
with the electrical valve 9 via the electrical wire 5b without the interface unit 7 being provided in between. Thus, it is
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possible to apply the present invention, having the interface 7, in an environment where the hot-water storage tank 20
and the heat source device 3 are remote from each other (20 m or more), and it is also possible to apply the present
invention to an existing hot-water supply system.
[0062] Furthermore, as shown in Fig. 1, although the number of electrical wires increases with the number of hot-
water-stored-amount detecting units provided in the hot-water storage tank 20, which makes the wiring complex, the
interface unit 7 serves to reduce this complexity since it suffices to provide the electrical wires 5a and 5b just up to the
interface unit 7.

Modification

[0063] Although the hot-water storage tank 20 that has been described as an example is of the closed type, the type
of tank used in the present invention is not limited to this example. For example, the tank may be a tank 22 of the open
type, as shown in Fig. 3. In order to simplify the drawing, the vicinity of the hot-water storage tank 22 is shown as enlarged,
and parts that are common to those in the embodiment described above are omitted. The water pipes 4a and 4b are so
denoted since these pipes correspond to the water pipes 4a and 4b shown in Fig. 1, respectively.
[0064] Furthermore, as shown in Fig. 3, the open tank 22 may have one temperature sensor A (that detects the
temperature) and one water-level sensor B (that detects the water pressure).
[0065] The temperature sensor A and the water-level sensor B individually output their detected sensor values to the
control unit 30, and the control unit 30 detects the amount of hot water stored. For example, the water-level sensor B is
installed in the vicinity of the bottom of the tank as a hot-water-stored-amount detecting unit, and the water level in the
state where the hot-water storage tank is fully filled with hot water is defined in advance as 100%. This makes it possible
to ascertain the amount of stored hot water based on changes in the water level.
[0066] Similarly to the embodiment described above, the temperature sensor A and the water-level sensor B may be
connected to the control unit 30 either by means of the communication line 6 via the interface unit 7 or by means of
electrical wires without the interface unit 7 being provided in between.

Second Embodiment

[0067] A second embodiment of the present invention will be described below with reference to Fig. 4. A hot-water
supply system 1’ according to the second embodiment differs from the hot-water supply system 1 according to the first
embodiment in that multiple heat source devices and multiple hot-water storage tanks are provided and in that an interface
unit and the hot-water storage tanks are connected to each other also via a communication line. The following description
will be directed mainly to differences, while omitting description about commonalities with the first embodiment. Further-
more, parts that are common to those shown in Fig. 1 are denoted by the same reference signs.
[0068] A heat source device 3a is connected to a hot-water storage tank 20a via water pipes 4a and 4b. A heat source
device 3b is connected to a hot-water storage tank 20b via water pipes 4a and 4b. A heat source device 3c is connected
to a hot-water storage tank 20c via water pipes 4a and 4b. Although the water pipes 4a and 4b interconnecting each
set of heat source device and hot-water storage tank are indicated by a single line in order to simplify the drawing, the
form of connection is the same as that shown in Fig. 1.
[0069] An interface unit 7’ is connected to the heat source devices 3a, 3b, and 3c via a communication line 6’ and is
connected in series to the hot-water storage tanks 20a, 20b, and 20c via the communication line 6’.
[0070] The interface unit 7’ has an address setting function for assigning hot-water-storage-tank addresses [1], [2],
and [3] for identifying the associated hot-water storage tanks to the individual heat source devices 3a, 3b, and 3c.
Information that is output from each hot-water storage tank includes its own hot-water-storage-tank address.
[0071] Thus, when the interface unit 7’ obtains information about the amounts of stored hot water detected by the hot-
water-stored-amount detecting units for the individual hot-water storage tanks 20a, 20b, and 20c and degree-of-opening
signals detected from the individual electrical valves, the interface unit 7’ refers to the hot-water-storage-tank addresses
designated in the information obtained, thereby identifying the source hot-water storage tanks 20a, 20b, and 20c. This
makes it possible for the interface unit 7’ to readily identify the associated destination heat source devices 3a, 3b, and
3c and to send the information about the amounts of stored hot water and the degree-of-opening signals detected from
the individual electrical valves to the suitable heat source devices 3a, 3b, and 3c.

Reference Signs List

[0072]

1 hot-water supply system
2 hot-water storage unit
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3, 3a, 3b, 3c heat source device
4a, 4b, 4c, 4d, 4e water pipe
5a, 5b electrical wire
6, 6’ communication line
7, 7’ interface unit
8 temperature detecting unit
9 electrical valve
20, 20a, 20b, 20c hot-water storage tank (closed type)
21a, 21b ..., 21n hot-water-stored-amount detecting unit
22 open-type tank
30 control unit
31 first connector
32a second connector
32b third connector
A temperature sensor
B water-level sensor

Claims

1. A hot-water supply system (1) comprising:

a heat source device (3);
a hot-water-stored-amount detecting means (21a,21b,...21n) configured to detect an amount of hot water stored
in a hot-water storage tank (20) configured to store hot water heated by the heat source device (3);
an electrical valve (9) that is provided in a path of supplying the hot water heated by the heat source device (3)
to the hot-water storage tank (20) and that is configured to adjust a flow level of hot water supplied to the hot-
water storage tank (20) according to a control signal;
a controlling means (30) that is provided in the heat source device (3) and that is configured to control the heat
source device (3) based on information about the amount of stored hot water detected by the hot-water-stored-
amount detecting means (21a,21b,...21n) and based on a degree-of-opening signal of the electrical valve (9); and
an interface means (7) that is connected to the hot-water-stored-amount detecting means (21a,21b,...21n) and
the electrical valve (9) via electrical wires (5a,5b) so that the information about the amount of stored hot water
detected by the hot-water-stored-amount detecting means and the degree-of-opening signal of the electrical
valve (9) can be input and output via the electrical wires, and that is also connected to the controlling means
(30) via a communication line (6) and that is configured to convert the information about the amount of stored
hot water and the degree-of-opening signal of the electrical valve input and output via the electrical wires (5a,5b)
into signals that can be sent to and received from the controlling means (30) via the communication line (6),
wherein the controlling means (30) includes a first connecting means (31) configured to allow connection with
the interface means (7) so that information can be sent and received via the communication line (6).

2. A hot-water supply system according to Claim 1, wherein the controlling means (30) includes a second connecting
means (32a) configured to make it possible to send information to and receive information from the hot-water-stored-
amount detecting means via the electrical wires (5a,5b) and a third connecting means (32b) configured to make it
possible to send information to and receive information from the electrical valve via the electrical wires (5a,5b).

3. A hot-water supply system according to Claim 1 or 2, further comprising a temperature detecting means (8) that is
installed in the vicinity of an inlet for hot water that flows into the hot-water storage tank (20), that is configured to
detect the temperature at the inlet of the hot-water storage tank, and that outputs information about the detected
temperature to the controlling means (30),
wherein the controlling means (30) is configured to control the heat source device based on the temperature detected
by the temperature detecting means (8).

4. A hot-water supply system according to any one of Claims 1 to 3, comprising
a plurality of heat source devices (3,3a,3b,3c) including the heat source device (3) and a plurality of hot-water storage
tanks (20,20a,20b,20c) including the hot-water storage tank (20), wherein
the interface means (7) and the hot-water storage tanks are connected via the communication line (6), and
the interface means (7) has an address setting function for assigning hot-water-storage tank addresses for identifying
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the associate hot-water storage tanks to the individual heat source devices.

5. A method of controlling a hot-water supply system, comprising:

a first step of detecting an amount of hot water stored in a hot-water storage tank (20) that stores hot water
heated by a heat source device (3);
a second step of adjusting a flow level of hot water supplied to the hot-water storage tank according to a control
signal for an electrical valve (9) that is provided in a path of supplying hot water heated by the heat source
device (3) to the hot-water storage tank (20);
a third step of controlling the heat source device (3) at the side of the heat source device based on information
about the amount of stored hot water detected and a degree-of-opening signal of the electrical valve (9); and
a fourth step of inputting and outputting the information about the amount of stored hot water detected in the
first step and the degree-of-opening signal of the electrical valve via electrical wires (5a,5b) and converting the
information about the amount of stored hot water and the degree-of-opening signal of the electrical valve input
and output via the electrical wires into signals that can be sent and received via a communication line (6).
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