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Description
[Technical Field]

[0001] The present disclosure relates to a heat pump system and a control method thereof, and more particularly, to a
heat pump type system capable of supplying hot water through heat exchange and a control method thereof.

[Background Art]

[0002] In general, a heat pump is an apparatus that transfers heat from a low-temperature side to a high-temperature
side by using heat generated and recovered during the cycle of compression, condensation, and evaporation of a
refrigerant. Heat pumps are primarily used for various temperature-related tasks such as heating, cooling, freezing, and
hot water production.

[0003] Hot water supply devices (hereinafter, referred to as "heat pump systems") using heat pumps are mainly used
when hot water is needed in residential buildings or commercial facilities. The hot water supply devices using the heat
pumps are widely used because of the advantage of being more energy efficient and environmentally friendly than
traditional hot water supply systems such as electric or gas boilers that heat water.

[0004] The inside of the water tank that stores hot water to be supplied to users for hot water use needs to always be
maintained within an appropriate temperature range.

[0005] Conventional heat pump systems maintain an appropriate temperature range by repeatedly turning the systems
on and off. Typically, this process may resultin reduced energy efficiency due to heat loss, and accordingly, energy-saving
operation based on the user’s hot water use pattern is implemented.

[0006] However, there are problems that a complex process is required and price competitiveness is low because a
number of sensors need to be installed to determine the user’s hot water use pattern.

[Disclosure]
[Technical Problem]

[0007] An aspect of the present disclosure provides a heat pump system and a control method thereof capable of
supplying hot water with optimal efficiency by identifying whether a user uses hot water based on a temperature of a
temperature sensor on a water tank pipe to determine the user’s hot water use pattern for a preset section and determining
turning-on/off of a compressor of the heat pump system based on the hot water use pattern.

[Technical Solution]

[0008] A heat pump system according to an aspect of the present disclosure may include: a compressor configured to
compress a refrigerant; a water tank storing water; a heat exchanger configured to exchange heat between the refrigerant
received from the compressor and the water received from the water tank and supply the heat-exchanged water to the
water tank; a heating coil configured to heat cold water stored in the water tank; a pipe temperature sensor configured to
detect a first temperature of an inlet pipe through which cold water is supplied to the water tank or a second temperature of
an outlet tank through which hot water is discharged from the water tank; and a controller configured to identify whether the
hot water is used, based on the first temperature of the inlet pipe or the second temperature of the outlet pipe, detected by
the pipe temperature sensor, determine a hot water use pattern of a user according to use of the hot water, and determine
turning-on/off of the compressor based on the hot water use pattern.

[0009] The heat pump system according to an aspect of the present disclosure may further include: a first water
temperature sensor configured to detect a third temperature of the hot water stored in the water tank; a second water
temperature sensor configured to detect a fourth temperature of water flowing into a first heat exchanger; a third water
temperature sensor configured to detect a fifth temperature of water supplied from the first heat exchange to the water tank;
and a flow sensor configured to detect a flow of water flowing into the first heat exchanger.

[0010] A method of controlling a heat pump system according to an aspect of the present disclosure, the heat pump
system including: a compressor configured to compress a refrigerant; a water tank storing water; a heat exchanger
configured to exchange heat between the refrigerant and the water; and a pipe temperature sensor configured to detect a
firsttemperature of an inlet pipe through which cold water is supplied to the water tank or a second temperature of an outlet
pipe through which hot water is discharged from the water tank, may include identifying whether the hot water is used,
based on a first temperature of the inlet pipe or a second temperature of the outlet pipe, detected by the pipe temperature
sensor, determining a hot water use pattern of a user according to use of the hot water, and determining turning-on/off of the
compressor based on the hot water use pattern.
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[Advantageous Effects]

[0011] According to an aspect of the present disclosure, by controlling turning-on/off of a compressor by adding only a
temperature sensor for detecting a temperature of a water tank pipe without having to add a plurality of sensors to
determine a user’s hot water use pattern, a process may be simplified, price competitiveness may be ensured, and hot
water may be supplied with optimal energy efficiency.

[Description of Drawings]

[0012]
FIG. 1 is a configuration diagram of a heat pump system according to an embodiment.
FIG. 2 is a control block diagram of a heat pump system according to an embodiment.
FIG. 3 is a diagram showing temperature changes of a water tank inlet pipe over time according to an embodiment.
FIG. 4 is a diagram showing temperature changes of a water tank outlet pipe over time according to an embodiment.
FIG. 5 is a diagram for describing a method of identifying hot water use sections, according to an embodiment.

FIG. 6is adiagram showing both temperature changes of a water tank inlet pipe and temperature changes of hot water
in a water tank 202 over time, according to an embodiment.

FIG. 7 is a diagram for describing a change in heat quantity inside a water tank, according to an embodiment.
FIG. 8 is an overall control flowchart of a heat pump system 1 according to an embodiment.

FIG. 9is aflowchart showing a control method of a heat pump system for identifying whether hot water is used based
on a temperature of a water inlet pipe, according to an embodiment.

FIG. 10is a flowchart showing a control method of a heat pump system for identifying whether hot water is used based
on a temperature of a water tank outlet pipe, according to an embodiment.

FIG. 11 is a flowchart showing a control method of a heat pump system for determining a user’s hot water use pattern,
according to an embodiment.

FIG. 12is aflowchart showing a control method of a heat pump system for determining turning-on/off of a compressor
based on a determined hot water use pattern, according to an embodiment.

[Modes of the Invention]

[0013] Various embodiments of the present document and terms used therein are not intended to limit the technical
features described in this document to specific embodiments, and should be understood to include various modifications,
equivalents, or substitutes of the corresponding embodiments.

[0014] In connection with the description of the drawings, similar reference numerals may be used for similar or related
components.

[0015] The singular form of a noun corresponding to an item may include one or a plurality of the items unless clearly
indicated otherwise in a related context.

[0016] Inthis document, phrases, such as"AorB", "atleastone of Aand B", "atleastone of Aor B," "A, B or C," "at least
oneof A,Band C,"and "atleast one of A, B, or C", may include any one or all possible combinations of items listed together
in the corresponding phrase among the phrases.

[0017] Forexample,"atleastone of A, B, and C"mayrepresentA, B, C, acombination of Aand B, a combination of Aand
C, a combination of B and C, or a combination of A, B, and C.

[0018] As used herein, such terms as "1st" and "2nd", or "first" and "second" may be used to simply distinguish a
corresponding component from another, and does not limit the components in other aspect (for example., importance or
order).

[0019] Itistobe understood thatif a certain component (for example, a first component) is referred to, with or without the



10

15

20

25

30

35

40

45

50

55

EP 4 682 438 A1
term "operatively" or "communicatively", as "coupled with," "coupled to," "connected with," or "connected to" another
component (for example, a second component), it means that the component may be coupled with the other component
directly (for example, wiredly), wirelessly, or via a third element.
[0020] Itistobe understoodthatthe terms such as"including”, "comprising” or "having," etc., are intended to indicate the
existence of the features, numbers, steps, operations, components, parts, or combinations thereof disclosed in the
specification, and are not intended to preclude the possibility that one or more other features, numbers, steps, operations,
components, parts, or combinations thereof may exist or may be added.
[0021] Itis to be understood that if a certain component is referred to as being "coupled with," "coupled to," "supported
on"or"in contact with" another component, it means that the component may be coupled with the other component directly
or indirectly via a third component.
[0022] Itwillalso be understood that when a certain component s referred to as being "on" or "over" another component,
it can be directly on the other component or intervening components may also be present.
[0023] As used herein, the term "and/or" includes any and all combinations of one or more of associated listed
components.
[0024] Hereinafter, an operation principle and embodiments of the present disclosure will be described with reference to
the accompanying drawings.
[0025] FIG. 1 is a configuration diagram of a heat pump system 1 according to an embodiment.
[0026] Referring to FIG. 1, the heat pump system 1 may include an outdoor unit 10 that supplies heat obtained by an
operation of a compressor 101 and heat exchange of a refrigerant-air heat exchanger (hereinafter, referred to as a "first
heat exchanger") to a hot water supply device 20, and the hot water supply device 20 that provides hot water to a user by
supplying heat supplied from the outdoor unit 10 to cold water stored in a water tank 202 to heat the water.
[0027] More specifically, the outdoor unit 10 according to an embodiment may include the compressor 101, a four-way
valve 102, an expansion valve 105, an accumulator 103, and a first heat exchanger 104. In addition, the outdoor unit 10
may further include components, such as a plurality of sensors and valves.
[0028] The compressor 101 may compress a low-temperature, low-pressure refrigerant received through an inlet side
connected to the accumulator 103 to form a high-temperature, high-pressure refrigerant, and then discharge the high-
temperature, high-pressure refrigerant through an outlet side connected to a refrigerant-water heat exchanger (herein-
after, referred to as a "second heat exchanger") 211 of the hot water supply device 20.
[0029] The compressor 101 may be configured as an inverter compressor of which a compression capacity varies
depending on aninputfrequency, or may be configured as a combination of a plurality of constant-speed compressors with
a constant compression capacity.
[0030] The four-way valve 102 may switch a flow of a refrigerant discharged from the compressor 101 according to a
mode (a cooling mode or a heating mode), thereby forming a refrigerant path required for an operation of the
corresponding mode.
[0031] The four-way valve 102 may include a first port 102a connected to the outlet side 102b of the compressor 100, a
second port 102b connected to the first heat exchanger 104, a third port 102c connected to the first exchanger211 211, and
a fourth port 102d connected to the accumulator 103.
[0032] The accumulator 103 may be installed between the inlet side of the compressor 101 and the four-way valve 102.
[0033] The accumulator 103 may temporarily store a mixture of oil and refrigerant supplied from the first heat exchanger
104 through the four-way valve 102 and separate a non-vaporized liquid refrigerant to prevent the liquid refrigerant from
being sucked into the compressor 101, thereby preventing damage to the compressor 101. A gas refrigerant separated by
the accumulator 104 may be supplied to the compressor 101.
[0034] The first heat exchanger 104 may perform heat exchange between outside air and a refrigerant. That is, the first
heat exchanger 104 may operate as a condenser in a cooling mode and as an evaporator in a heating mode. The first heat
exchanger 104 may include an outdoor fan (not shown) for increasing heat exchange efficiency between the refrigerant
and outside air.
[0035] The expansion valve 105 may include an electronic expansion valve and the expansion valve 105 may expand
the refrigerant and supply the refrigerant to the first heat exchanger 104.
[0036] Inaddition, the expansion valve 105 may adjust a flow rate of the refrigerant and block a flow of the refrigerant as
necessary. The expansion valve 105 may be replaced by an expansion device with another structure that performs the
function.
[0037] The hotwater supply device 20 according to an embodiment may include the second heat exchanger 211, a flow
path switching valve 201, the water tank 202, a heating coil 203 provided inside the water tank 202, and a pump 204.
[0038] The second heat exchanger 211 may perform heat exchange between a high-temperature refrigerant received
from the outdoor unit 10 and water received from the water tank 202.
[0039] The second heatexchanger211 may be formed as a double-pipe heat exchangerin which a refrigerant flow path
and a water flow path are formed internally and externally with a heat transfer member in between, or may be formed as a
plate heat exchanger in which a refrigerant flow path and a water flow path are formed alternately with a heat transfer
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member in between. Through heat exchange between a heat exchange plate (or arefrigerant flow path) which arefrigerant
passes and a heat exchange plate (or a water flow path) which water passes, hot water may be generated.

[0040] The secondheatexchanger211 may include a heat exchangerinlet pipe 211a through which water is supplied to
the second heat exchanger 211, and a heat exchanger outlet pipe 211b through which water discharged from the second
heat exchanger 211 is supplied to the heating coil 203 inside the water tank 202, a fan coil unit (FCU), or a floor heating
device.

[0041] The FCU may be used in air conditioning systems inside buildings for cooling and heating, and the floor heating
device may also perform the similar function. The FCU may be mainly used in various buildings, such as hotels, offices,
hospitals, and houses.

[0042] Thatis, hotwater generated in the second heatexchanger 211 may be provided to the heating coil 203 inside the
water tank 202, the FCU, or the floor heating device and used for hot water supply and heating.

[0043] Because the present disclosure is mainly aimed to supply hot air through heat exchange between a refrigerant
and water, a refrigerant cycle in a heating mode will be mainly described below.

[0044] Accordingto an embodiment, a refrigerant circulation circuit passing the first heat exchanger 104, the expansion
valve 105, the second heat exchanger 211, the four-way valve 102, the accumulator 103, and the compressor 101 may be
formed.

[0045] Inotherwords, the heat pump system 1 may configure a refrigerant circulation circuit through which a refrigerant
circulates in the order of compressor 101 — four-way valve 102 — second heat exchanger 211 — expansion valve 105 —»
first heat exchanger 104 — four-way valve 102 — accumulator 103 — compressor 102, thereby performing a heating
operation.

[0046] The flow path switching valve 201 may be connected to the heat exchanger outlet pipe 211b of the second heat
exchanger 211.

[0047] During a heating operation, the flow path switching valve 201 may control a flow path of water heat-exchanged
and heated in the second heat exchanger 211 to supply the heated water to at least one of the heating coil 203 inside the
water tank 202, the FCU, or the floor heating device.

[0048] Thewatertank202 may include awatertankinlet pipe 202a through which cold water is supplied to the water tank
202 from outside, the heating coil 203 that heats the supplied cold water to generate hot water, and a water tank outlet pipe
202b through which the generated hot water is supplied from the water tank 202 to a water tap 213.

[0049] The heating coil 203 provided inside the water tank may be supplied heated water from the second heat
exchanger 211 by flow path switching of the flow path switching valve 201, and the heated water supplied from the second
heat exchanger 211 may flow through the heating coil 203 to supply heat to cold water supplied to the water tank 202,
thereby generating hot water.

[0050] The heating coil 203 may be provided in a coil shape to increase heat exchange efficiency.

[0051] One end of the water tank inlet pipe 202a may be connected to a cold water supply source, and another end may
penetrate a wall of the water tank 202 and extend to an inner bottom of the water tank 202 to supply cold water to the bottom
of the water tank 202. The cold water supply source may be, but is not limited to, a separate water tank (not shown) where
cold water is stored, and may be any means capable of supplying cold water.

[0052] One end of the water tank outlet pipe 202b may be connected to an upper end of the wall of the water tank, and
another end may be connected to the water tap 213 such that hot water is discharged through the water tap 213.
[0053] The pump 204 may be provided between the watertank 202 and the second heat exchanger 211 and cause water
passed through the heating coil 203, supplied heat to cold water and then cooled to again flow into the second heat
exchanger 211.

[0054] According to an embodiment, a water circulation circuit passing the second heat exchanger 211, the flow path
switching valve 201, the heating coil 203, and the pump 204 may be formed.

[0055] Thatis, the heat pump system 1 may configure a water circulation circuit through which water circulates in the
order of second heat exchanger 211 — flow path switching valve 201 — heating coil 203 — pump 204 — second heat
exchanger 211 to heat cold water supplied to the inside of the water tank 202 and generate hot water.

[0056] Inaddition, referringto FIG. 1, the hot water supply device 20 according to an embodiment may include a plurality
of sensors.

[0057] According to an embodiment, the hot air supply device 20 may further include a pipe temperature sensor 205.
[0058] Referringto FIG. 1, the pipe temperature sensor 205 is shown to be positioned on the water tank inlet pipe 202a,
however, the pipe temperature sensor 205 may be positioned on the water tank outlet pipe 202b.

[0059] The pipetemperature sensor 205 may detectatemperature (hereinafter, referred to as a "firsttemperature’) of the
water tankinlet pipe 202a through which cold water is supplied to the water tank 202, or a temperature (hereinafter, referred
to as a 'second temperature’) of the water tank outlet pipe 202b through which hot water is discharged from the water tank
202.

[0060] The pipe temperature sensor 205 may be positioned on an outer side of the water tank inlet pipe 202a.
[0061] Thewatertank202 mayinclude aninletinto which the water tankinlet pipe 202ais inserted. The pipe temperature
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sensor 205 may be positioned adjacent to the inlet of the water tank 202.

[0062] The pipe temperature sensor 205 may be positioned on an outer side of the water tank outlet pipe 202b.
[0063] The water tank 202 may include an outlet to which the water tank outlet pipe 202a is connected. The pipe
temperature sensor 205 may be positioned adjacent to an outlet of the water tank 202.

[0064] A separate pump (not shown) for discharging hot water to the water tank outlet pipe 202b may be provided inside
the water tank 202.

[0065] Accordingtoanembodiment, the hotwater supply device 20 may further include a first water temperature sensor
208.

[0066] The first water temperature sensor 208 may detect a temperature of hot water heated by the heating coil 203.
[0067] Because cold water is located lower than hot water due to changes in density of water depending on
temperatures, cold water supplied through the water tank inlet pipe 202a may be positioned to the bottom of the water
tank and hot water heated by the heating coil 203 may be positioned to a top of the water tank.

[0068] Accordingly, the first water temperature sensor 208 may be positioned to an upper end of an inner wall of the
water tank 202.

[0069] Accordingtoanembodiment, the hotair supply device 20 may further include a second water temperature sensor
209 that detects a temperature of water to be supplied to the second heat exchanger 211, and a third water temperature
sensor 210 that detects a temperature of water discharged from the second heat exchanger 211.

[0070] The second watertemperature sensor 209 may be provided inside the heat exchanger inlet pipe 211a connected
toawaterinlet 211c of the second heat exchanger 211 into which water flows, and may detect a temperature of water to be
supplied to the second heat exchanger 211 for heat exchange.

[0071] The third watertemperature sensor 210 may be provided inside the heat exchanger inlet pipe 211b connected to
awater outlet 211e of the second heat exchanger 211 through which water is discharged, and may detect a temperature of
water heat-exchanged with a high-temperature refrigerant supplied from the outdoor unit 10 in the second heat exchanger
211 and then discharged.

[0072] The hotairsupply device 20 according to an embodiment may furtherinclude a flow sensor 212 that detects a flow
rate of water flowing into the second heat exchanger 211.

[0073] The flow sensor 212 may be one of an electronic flow sensor, an ultrasonic flow sensor, or a displacement flow
sensor that measures a flow rate by dividing a fluid into a certain volume.

[0074] Components of the hot water supply device 20 are not limited to the present disclosure, and according to various
embodiments, in addition to the components described above, a component for efficiently supplying hot water may be
further provided or at least one of the above-described components may be omitted.

[0075] So far, components configuring the heat pump system 1 have been described with reference to FIG. 1.
Hereinafter, a control block diagram of the heat pump system will be described with reference to FIG. 2.

[0076] FIG. 2 is a control block diagram of a heat pump system according to an embodiment.

[0077] The heat pump system 1 may include the compressor 101, the four-way valve 102, the accumulator 103, and/or
the expansion valve 105, which are controllable, and a first controller 106 for controlling the compressor 10, the four-way
valve 102, the accumulator 103, and/or the expansion valve 105.

[0078] The first controller 106 may include at least one memory 126 that stores various data required to perform the
above-described operations or operations which will be described below, and at least one processor 116 that performs
operations. Hereinafter, the memory 126 included in the first controller 106 is referred to as ‘firstmemory’ and the processor
116 is referred to as a 'first processor’.

[0079] The first controller 106 may be provided inside the indoor unit 10.

[0080] In addition, the outdoor unit 10 may include a first communication device 107 connected to a second commu-
nication device 207 to receive various information related to operations of the heat pump system 1 and control of the
compressor 101 from the hot air supply device 20 and transfer the information to the first controller 106.

[0081] Also, the heat pump system 1 may include the flow path switching valve 201, the heating coil 203, and/or the
pump 204, which are controllable, a second controller 206 for controlling the flow path switching valve 201, the heating coil
203, and/or the pump 204, the pipe temperature sensor 205, the first to third water temperature sensors 208 t0 210, and the
flow sensor 212.

[0082] The second controller 206 may include at least one memory 226 that stores various data required to perform the
above-described operations and operations that will be described below, and at least one processor 216 that performs
operations. Hereinafter, the memory 226 included in the second controller 206 is referred to as 'second memory’, and the
processor 216 is referred to as a 'second processor’.

[0083] The second controller 206 may be positioned inside the hot water supply device 20.

[0084] Also, the hot water supply device 20 may include the second communication device 207 that transfers a control
signal generated by the second controller 206 to the outdoor unit 10 and receives various information from the outdoor unit
10.

[0085] According to an embodiment, the first processor 116 and the first memory 226 of the first controller 106 may be
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integrated into one body or provided separately, and the second processor 216 and the second memory 226 of the second
controller 206 may also be integrated into one body or provided separately.

[0086] The first memory 226 or the second memory 216 may include volatile memory, such as Static Random Access
Memory (S-RAM) and Dynamic Random Access Memory (D-RAM), for temporarily memorizing data. The first memory
226 or the second memory 216 may include non-volatile memory, such as Read Only Memory (ROM), Erasable
Programmable Read Only Memory (EPROM), and Electrically Erasable Programmable Read Only Memory (EEPROM),
for storing data for a long time.

[0087] Thefirstprocessor 116 orthe second processor 216 may include various logic circuits and arithmetic circuits, and
process data according to a program provided from each of the first memory 126 or the second memory 226 and generate a
control signal according to the processed result.

[0088] Hereinafter, the first controller 106 and the second controller 116 will be described in detail.

[0089] According to an embodiment, the first controller 106 may control driving (on/off) of the compressor 101. The first
controller 106 may control the four-way valve 102 to connect the first port 102a with the third port 102c and connect the
second port 102b with the fourth port 102d to form a refrigerant flow path. By connecting the first port 102a with the third port
102c and connecting the second port 102b with the fourth port 102d, the refrigerant flow path may be formed.

[0090] More specifically, the first controller 106 may turn on/off the compressor based on a compressor control signal
generated by the second controller 206 and received by the first communication device 107.

[0091] Inthe present disclosure, turning on/off the compressor 101 by the first controller 106 may include controlling a
motor of the compressor 101 and controlling a driving circuit for driving the compressor 101.

[0092] The first controller 106 may obtain operation information of the compressor 101 from the driving circuit for driving
the compressor 101.

[0093] Thefirstcontroller 106 may control an oil separator provided inside the accumulator 103 to separate or discharge
an oil from oil mixed with the refrigerant, and may control the accumulator 103 to cause the refrigerant from which oil has
been separated to flow into the compressor 101.

[0094] Inthe presentdisclosure, the oil separator has been described as a component of the accumulator 103, however,
the oil separator may be provided as a separate component.

[0095] The first controller 106 may control an opening degree of the expansion valve 105 to adjust a flow rate of a
refrigerant flowing into the first heat exchanger 104 or block the refrigerant from flowing into the first heat exchanger 104.
[0096] According to an embodiment, the second controller 206 may control the flow path switching valve 201 to supply
water heated by the second heat exchanger 211 to the heating coil 203.

[0097] Also, the heating coil 203 may include a flow rate control valve (not shown) for adjusting a quantity of water
supplied from the second heat exchanger 211, and the second controller 206 may control the flow rate control valve to
adjust a quantity of water flowing into the heating coil 203.

[0098] The second controller 206 may receive information on a first temperature of the water tank inlet pipe 202a or a
second temperature of the water tank outlet pipe 202b from the pipe temperature sensor 205.

[0099] Also, the second controller 206 may receive information on a temperature (hereinafter, referred to as a ’third
temperature’) of hot water inside the water tank 202 from the first water temperature sensor 208, receive information on a
temperature (hereinafter, referred to as a 'fourth temperature’) of water flowing into the second heat exchanger 211 from
the second temperature sensor 209, and receive information on a temperature (hereinafter, referred to as a "fifth
temperature’) of water discharged from the second heat exchanger 211 from the third temperature sensor 210.

[0100] The second controller 206 may receive information on a flow rate of water flowing into the second heat exchanger
211 from the flow sensor 212.

[0101] According to an embodiment, the second controller 206 may determine a user’s hot water use pattern based on
information on a first temperature of the water tank inlet pipe 202a, a second temperature of the water tank outlet pipe 202b,
a third temperature of hot water inside the water tank 202, a fourth temperature of water flowing into the second heat
exchanger 211, and afifth temperature of water discharged from the second heat exchanger 211, and information on a flow
rate.

[0102] In otherwords, the second controller 206 may identify whether hot water is used, based on a first temperature of
the inlet pipe 202a or a second temperature of the outlet pipe 202b, detected by the pipe temperature sensor 205.
[0103] Also, the second controller 206 may determine a user’s hot water use pattern according to use of hot water.
[0104] The second controller 206 may determine turning-on/off of the compressor based on the hot water use pattern.
[0105] Also, inanembodiment, the second controller 206 may determine turning-on/off of the compressor 101 based on
the determined hot water use pattern, generate a control signal related to turning-on/off of the compressor 101, and
transfer the control signal to the first communication device 107 through the second communication device 207.
[0106] The firstcommunication device 107 orthe second communication device 207 may communicate with an external
device, such as a server, a mobile device, and another home appliance, through a surrounding Access Point (AP). The AP
may connect a Local Area Network (LAN) to which a refrigerator or a user device is connected to a Wide Area Network
(WAN)towhich aserveris connected. The refrigerator or the user device may be connected to the server through the WAN.
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[0107] In this case, the first communication device 107 and the second communication device 207 may communicate
with each other through a wired network and/or a wireless network. For example, the first communication device 107 and
the second communication device 207 may be connected to each other through a cable to transmit/receive various control
signals and various data to/from each other. The first communication device 107 and the second communication device
207 may transmit/receive various data and various control signals to/from each other through Wireless-Fidelity (Wi-Fi),
wireless LAN (WLAN), etc.

[0108] Inthe presentdisclosure, a case in which the second controller 206 determines turning-on/off of the compressor
101 and transmits a control signal generated by the second controller 206 to the first communication device 107 through
the second communication device 207, and the first controller 106 turns on/off the compressor 101 based on a received
control command has been described. However, the first controller 106 may receive sensing values of the plurality of
sensors provided in the hot water supply device 20 through the first communication device 107, perform a series of
processes of determining turning-on/off of the compressor 101, and then turn on/off the compressor 101.

[0109] Also, the first controller 106 may be omitted and the second controller 206 may directly control turning-on/off of
the compressor 101.

[0110] Sofar, the control block diagram of the heat pump system 1 according to an embodiment has been described with
reference to FIG. 2.

[0111] Based on this, a method of identifying whether hot water is used based on a temperature detected by the pipe
temperature sensor 205 and identifying a hot water use section will be described in detail with reference to FIGS. 3 to 5.
[0112] The pipe temperature sensor 205 according to an embodiment may be positioned on the water tank inlet pipe
202a or the water tank outlet pipe 202b among pipes connected to the water tank 202 to detect a change in temperature of
the water tank inlet pipe 202a or the water tank outlet pipe 202b over time.

[0113] FIG. 3 is a diagram showing temperature changes of the water tank inlet pipe 202a over time according to an
embodiment.

[0114] A first graph 300 shows temperature changes of the water tank inlet pipe 202a over time, wherein an X axis
represents time (s) and an y axis represents temperature (°C).

[0115] According to the first graph 300, a temperature of the water tank inlet pipe 202a may change based on a user
starting and ending use of hot water.

[0116] Generally, because the water tank inlet pipe 202a is installed adjacent to the water tank 202, heat from the water
tank 202 may be supplied to the water tank inlet pipe 202a due to heat conduction caused by a temperature difference
between the water tank inlet pipe 202a and the water tank 202. Accordingly, the water tank inlet pipe 202a may be
maintained at a temperature similar to that of the water tank 202 (for example, a section from to to t).

[0117] However, when use of hot water starts, cold water may be supplied to the water tank 202 through the water tank
inlet pipe 202a by a quantity of hot water discharged from the water tank 202 to the water tap 213.

[0118] Atthistime, heat supplied to the water tank inlet pipe 202a may be lost by the cold water, and a temperature of the
water tank inlet pipe 202a may be lowered (for example, a section from t,, to t,4).

[0119] While hot water is used, water heated through heat exchange in the second heat exchanger 211 may be
discharged and supplied to the heating coil 203 provided in the water tank 202, and according to heat being supplied to the
inside of the water tank 202, the heat may be supplied to the water tank inlet pipe 202a by heat conduction. Meanwhile, cold
water may continue to be added by a quantity of hot water discharged from the water tank 202 and accordingly, the heat
supplied to the water tank inlet pipe 202 may be lost by the cold water (for example, a section from t,,4 to t,,5).
[0120] Thatis, while hotwater is used, two heat transfer phenomena of heat supply from the water tank 202 to the water
tank inlet pipe 202a and heat loss of the water tank inlet pipe 202a due to cold water flowing into the water tank inlet pipe
202a may occur simultaneously to change a temperature of the water tank inlet pipe 202a.

[0121] Referring to FIG. 3, in the present disclosure, a temperature of the water tank inlet pipe 202a is shown as
decreasing or increasing while hot water is used. However, the present disclosure is not limited thereto. For example, there
may be a section in which a temperature of the water tank inlet pipe 202a is maintained within a preset range due to various
factors, such as a flow rate and temperature of cold water supplied to the water tank 202, an output of the compressor 101,
or a size of the second heat exchanger 211.

[0122] When use of hot water ends, cold water may no longer flow into the water tank inlet pipe 202a, and accordingly,
heat loss caused by cold water flowing through the water tank inlet pipe 202a may not occur.

[0123] Also, when use of hot water ends, a flow path of a refrigerant may be blocked by the four-way valve 102 provided
in the outdoor unit 10, and thus, a high-temperature refrigerant may not flow to the second heat exchanger 211 or the
compressor 101 may be turned off. However, because the water tank 202 still stores heated hot water although a quantity
of heat supplied from the heating coil 203 to the water tank 202 is reduced, heat may continue to be supplied from the water
tank 202 to the water tank inlet pipe 202a. Accordingly, a temperature of the water tank inlet pipe 202a may increase (for
example, a section of t,,, to t,,,3)

[0124] According to an embodiment, based on this phenomenon, the second controller 206 may identify a start time of
hot water use based on a temperature decrease of the water tank inlet pipe 202a during a preset reference time (for
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example, 10 seconds) being greater than or equal to a preset first reference value ATemp 1 (for example, 1 °C).
[0125] Thatis, according to a temperature of the water tank inlet pipe 202a at a time t,,, 4 after 10 seconds from a time t,,
being 1 °C lower than a temperature of the water tank inlet pipe 202a at the time t,,, the second controller 206 may identify
the time t, as a start time of hot water use.

[0126] Also, according to an embodiment, based on a temperature increase of the water tank inlet pipe 202a during a
presetreference time (for example, 10 seconds) after use of hot water starts being greater than or equal to a preset second
reference value ATemp2 (for example, 0.5 °C), the second controller 206 may identify an end time of hot water use.
[0127] Inthis case, thefirstreference value and the second reference value may be equal to or different from each other.
[0128] For example, according to a temperature of the water tank inlet pipe 202a at a time t,,, 5 after 10 seconds from a
timet,,, being 0.5 °C higher than a temperature of the water tank inlet pipe 202a at the time t,,.,, the second controller 206
may identify the time t,,, as an end time of hot water use.

[0129] Sofar, the principle and method of identifying start and end times of hot water use to identify whether hot water is
used, in the case in which the pipe temperature sensor 205 is provided on the water tank inlet pipe 202a have been
described.

[0130] Hereinafter, aprinciple and method of identifying start and end times of hot water use to identify whether hot water
is used, in the case in which the pipe temperature sensor 205 is provided on the water tank outlet pipe 202b will be
described in detail with reference to FIG. 4.

[0131] FIG. 4 is a diagram showing temperature changes of the water tank outlet pipe 202b over time according to an
embodiment.

[0132] A second graph 400 shows temperature changes of the water tank outlet pipe 202b over time, wherein an x axis
represents time (s) and an y axis represents temperature (°C).

[0133] Accordingtothe second graph 400, atemperature of the water tank outlet pipe 202b may change based on a user
starting and ending use of hot water. Unlike the water tank inlet pipe 202a, the water tank outlet pipe 202b may receive heat
from hot water flowing through the water tank outlet pipe 202b, but no cold water may flow through the water tank outlet pipe
202b. Therefore, heat loss may not occur.

[0134] Referring to the second graph 400, because the water tank outlet pipe 202b is connected to the upper wall of the
water tank 202, the water tank outlet pipe 202b may be maintained at a temperature that is similar to that of the water tank
202 due to heat conduction (for example, a section from t'y to t').

[0135] When use of hot water starts, hot water stored in the water tank 202 may flow through the water tank outlet pipe
202b and the water tank outlet pipe 202b may directly receive more heat from the hot water. Therefore, atemperature ofthe
inlet pipe 202a may increase (for example, a section from t', to t',,4).

[0136] While use of hotwater continues, water heated through heat exchange in the second heat exchanger 211 may be
discharged and supplied to the heating coil 203 provided inside the water tank 202, and accordingly, heat may be supplied
to hot water inside the water tank 202. Also, heat from hot water inside the water tank 202 may be supplied to the water tank
outlet pipe 202b by heat conduction, as in the water tank inlet pipe 202a.

[0137] Also, because the water tank outlet pipe 202b receives heat from hot water flowing therethrough, a temperature
of the water tank outlet pipe 202b may increase until reaching a temperature that is similar to that of hot water flowing
through the water tank outlet pipe 202b and then be maintained within a constant temperature range (for example, a
section from t', 4 to t',,,»).

[0138] When use of hot water ends, hot water may no longer flow into the water tank outlet pipe 202b, and direct heat
supply by hot water flowing through the water tank outlet pipe 202b may not occur.

[0139] Accordingly, when use of hot water ends, a temperature of the water tank outlet pipe 202b may decrease (for
example, a section from t' ., to t',,3).

[0140] According to an embodiment, based on this phenomenon, the second controller 206 may identify a start time of
hot water use based on a temperature increase of the water tank outlet pipe 202b during a preset reference time (for
example, 10 seconds) being greater than or equal to a preset third reference value ATemp3 (for example, 0.3 °C).
[0141] Forexample, according to a temperature of the water tank outlet pipe 202b atthe time t',,, ; after 10 seconds from
the time t',, being 0.3 °C higher than a temperature of the water tank outlet pipe 202b at the time t',,, the second controller
206 may identify the time t', as a start time of hot water use.

[0142] Also, according to an embodiment, based on a temperature decrease of the water tank outlet pipe 202b during a
preset reference time (for example, 10 seconds) after use of hot water starts being greater than or equal to a preset fourth
reference value ATemp4 (for example, 0.3 °C), the second controller 206 may identify an end time of hot water use.
[0143] Forexample, inthe case in which a temperature of the water tank inlet pipe 202a at the time t,, 3 after 10 seconds
fromthe time t,,, is 0.5 °C lower than a temperature of the water tank inlet pipe 202aat the time t,,,», the second controller
206 may identify the time t,,, as an end time of hot water use.

[0144] Inthis case, the third reference value and the fourth reference value may be equal to or different from each other.
[0145] Also, as described above, according to an embodiment, because a temperature change of the water tank inlet
pipe 202a and a temperature change of the water tank inlet pipe 202a are caused by different factors, it will be easily
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understood by one of ordinary skill in the art that the first and second reference values are distinguished from the third and
fourth reference values.

[0146] FIG. 5 is a diagram for describing a method of identifying hot water use sections, according to an embodiment.
[0147] FIG. 5relates to a case in which the pipe temperature sensor 205 is positioned on the water tank inlet pipe 202a.
However, the same principle may also be applied to a case in which the pipe temperature sensor 205 is positioned on the
water tank outlet pipe 202b.

[0148] Referring to FIG. 5, a third graph 500 shows temperature changes of the water tank inlet pipe 202a over time,
wherein an x axis represents time (s) and an y axis represents temperature (°C).

[0149] As described above with reference to FIG. 3, the second controller 206 may identify a section (hereinafter,
referred to as a’hot water use section’) for which a user uses hot water, based on a temperature change of the water tank
inlet pipe 202a over time.

[0150] Thatis, wheneverthe second controller 206 identifies that use of hot water has started, the second controller 206
may identify at least one hot water use section based on a start time of hot water use and an end time of hot water use.
[0151] According to an embodiment, one or plurality of hot water use sections may be identified, and the first controller
106 may calculate a time length of each hot water use section based on a start time of hot water use and an end time of hot
water use of the hot water use section.

[0152] Forexample,referring to the third graph 500, two hot water use sections of S1 and S2 may be identified, whereina
time length of the hot water use section S1 may be identified as t,-t; (s), and a time length of the hot water use section S2
may be identified as t4-t5 (s).

[0153] Thatis, the heat pump system 1 may have an advantage of identifying a hot water use section through simple
calculation by using only one sensor.

[0154] Based on this, a method of calculating a total heat loss quantity of the water tank 202 according to hot water use
during a reference section and calculating a section heat loss quantity for each hot water use section based on the total
heat loss quantity will be described with reference to FIGS. 6 and 7.

[0155] FIG. 6 is a diagram showing both temperature changes of the water tank inlet pipe 202a and temperature
changes of hot water in the water tank 202 over time, according to an embodiment.

[0156] Referringto FIG. 6, the third graph 500 and the fourth graph 600 as described above are shown in FIG. 5, and the
fourth graph 600 shows temperature changes of hot water in the water tank 202 over time, wherein the x axis represents
time (s) and the y axis represents temperature (°C).

[0157] According to an embodiment, the second controller 206 may identify a section (hereinafter, referred to as a
‘reference section’) from a start time at which a third temperature detected by the first water temperature sensor 208
reaches afirst setting temperature to an end time at which the third temperature reaches a second setting temperature, and
identify a time length elapsed from the start time to the end time.

[0158] The second controller 206 may identify whether the reference section includes atleast one hot water use section,
based on a change of a first temperature or a second temperature detected by the pipe temperature sensor 205 as
described above.

[0159] For example, referring to the third graph 500 and the fourth graph 600 of FIG. 6, the second controller 206 may
identify a reference section SECTION 1 of t5 to tg by using a starttime t; at which atemperature of hot water inside the water
tank 202 reaches the first setting temperature and an end time tg at which a temperature of hot water inside the water tank
202 reaches the second setting temperature.

[0160] At this time, the second controller 206 may identify whether at least one hot water use section exists in the
reference section SECTION 1.

[0161] Thatis, the second controller 206 may identify that the hot water use sections S1 (thatis, t; tot,) and S2 (thatis, t;
to t,) exist between t5 and tg.

[0162] Meanwhile, because a total heat loss quantity of the water tank 202 according to use of hot water within the
reference section is caused by hot water discharged from the water tank 202 during at least one hot water use section
existing in the reference section, the total heat loss quantity of the water tank 202 according to the use of hot water within
the reference section may correspond to a sum of heat loss quantities of the water tank 202 according to the use of hot
water in the at least one hot water use section included in the reference section.

[0163] Accordingly, the second controller 206 may calculate a total heat loss quantity of the water tank 202 according to
use of hot water within the reference section, based on information on a third temperature of hot water inside the water tank
202, afourth temperature of water flowing into the second heat exchanger 211, and a fifth temperature of water discharged
from the second heat exchanger 211 and a flow rate detected by the flow sensor 212.

[0164] After the second controller 206 calculates the total heat loss quantity, the second controller 206 may calculate a
section heat loss quantity of the water tank 202 based on a time length of each hot water use section existing in the
reference section. Details about a method for the calculation will be described with reference to FIG. 7, below.

[0165] FIG. 7 is a diagram for describing a change in heat quantity inside a water tank, according to an embodiment.
[0166] A heat quantity stored in the water tank 202 according to an embodiment may change over time.
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[0167] Referring to FIG. 7, a stored heat quantity of the water tank 202 according to an embodiment may change by a
heatloss quantity (thatis, a total heat loss quantity Q1 of the water tank 202 according to use of hot water’) occurring while
hot water is discharged, a heat loss quantity (hereinafter, referred to as a ’basic heat loss quantity Q2’) caused by a
temperature difference between the water tank 202 and outside air, and a heat quantity (hereinafter, referred to as a
‘supplied heat quantity Q3’) generated by an operation of the compressor 101 and supplied to the water tank 202 through
heat exchange in the second heat exchanger 211.

[0168] Thatis, a difference between a first stored heat quantity Q4 of the water tank 202 at the time t5 at which the third
temperature reaches the first setting temperature and a second stored heat quantity Q5 at the time tg at which the third
temperature reaches the second setting temperature may correspond to a sum of the total heat loss quantity Q1, the basic
heat loss quantity Q2, and the supplied heat quantity Q3 of the water tank 202 according to use of hot water.

[0169] Accordingly, the total heatloss quantity Q1 of the water tank 202 according to use of hot water may be defined by
Equation 1.

Total Heat Loss Quantity Q1 of Water Tank 202 According to Use of Hot Water = First Stored Heat
Quantity Q4 - Second Stored Heat Quantity Q5 + Supplied Heat Quantity Q3 - Basic Heat Loss Quan- [Equation 1]
tity Q2.

[0170] The first stored heat quantity Q4 or the second stored heat quantity Q5 may be defined as a heat quantity stored
inside the water tank 202 at the time at which the third temperature reaches the first setting temperature or the second
setting temperature.

[0171] Data about stored heat quantities according to temperatures of water may have been calculated in advance
through an experiment and stored in the second memory 226.

[0172] The second controller 206 may calculate the first stored heat quantity Q4 or the second stored heat quantity Q5 by
comparing a third temperature detected by the first water temperature sensor 208 to the data about the stored heat
quantities according to the temperatures of water, stored in the second memory 226.

[0173] Also, the supplied heat quantity Q3 may be calculated by Equation 2 below.

[Equation 2]

Supp]led Heat Qual’ltlty Q3 = F(L/S)*(TWater out ~ TWater 11’1)*C

[0174] (C is a heat capacity constant of water, typically 4.18 J/(g°C))

[0175] Here, F(L/s) may be defined as a flow rate of water flowing into the second heat exchanger 211 through the
second heat exchanger inlet pipe 212a, detected by the flow sensor 212.

[0176] Tyyaterin May be defined as a fourth temperature detected by the second water temperature sensor 209, and
Twater out May be defined as a fifth temperature detected by the third water temperature sensor 210.

[0177] That is, in an embodiment, the second controller 206 may calculate a heat quantity received through heat
exchange in the second heat exchanger 211, based on a temperature difference and flow rates of water between before
the water passes through the second heat exchanger 211 and after the water passes through the second heat exchanger
211.

[0178] Also, the basic heat loss quantity Q2 may be set to a constant depending on a surface area and material of the
water tank and/or a temperature and wind speed of outside air.

[0179] Inan embodiment, the second controller 206 may calculate a section heat loss quantity for each hot water use
section by distributing the total heat loss quantity Q1 of the water tank 202 according to use of hot water, calculated by
Equation 1 described above, in proportion to a time length of the hot water use section existing within the reference section.
[0180] Forexample, in the case in which two hot water use sections exist within the reference section, time lengths for
the respective hot water use sections are 30 minutes and 20 minutes, respectively, and a total heat loss quantity Q1 of the
water tank 202 according to use of hot water, calculated by Equation 1 described above is 100 J, section heat loss
quantities may be 60 J and 40 J, respectively.

[0181] Therefore, the second controller 206 may obtain a data set of a plurality of hot water use sections and section heat
loss quantities by repeatedly calculating a total heat loss quantity Q1 and section heat loss quantities of the water tank 202
according to use of hot water as described above.

[0182] The second controller 206 may determine the hot water use pattern based on a data set of at least one hot water
use section and a section heat loss quantity.

[0183] By calculating only a total heat loss quantity Q1 for a reference section without having to calculate a heat loss
quantity for each hot water use section, a heat loss quantity for each of a plurality of hot water use sections may be obtained
only through simple calculation.
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[0184] FIG. 8 is an overall control flowchart of the heat pump system 1 according to an embodiment.

[0185] According to an embodiment, the second controller 206 may identify whether a user uses hot water, based on a
temperature (a first temperature) of the water tank inlet pipe 202a or a temperature (a second temperature) of the water
tank outlet pipe 202b, detected by the pipe temperature sensor 205 (801).

[0186] That is, the second controller 206 may identify a start time of hot water use and an end time of hot water use
through a temperature change of the first temperature or the second temperature over time. Also, the second controller
206 may identify a hot water use section and calculate a time length of each hot water use section based on the start time of
hot water use and the end time of hot water use.

[0187] Also, the second controller 206 may calculate a total heat loss quantity for each reference section and calculate a
section heat loss quantity for each hot water use section within the reference section, thereby determining a hot water use
pattern (802).

[0188] The second controller 206 may determine turning-on/off of the compressor based on the hot water use pattern
(803).

[0189] The second controller 206 may increase efficiency of energy-saving operation of the heat pump system 1 by
determining turning-on/off of the compressor, which will be described in detail with reference to FIGS. 9 to 12 below.
[0190] FIG.9isaflowchartshowing a control method of the heat pump system 1 for identifying whether hot water is used
based on a temperature of the water inlet pipe 202a, according to an embodiment.

[0191] The second controller 206 according to an embodiment may receive information on a temperature (a first
temperature) of the water tank inlet pipe 202a, detected by the pipe temperature sensor 205 (901).

[0192] The second controller 206 may identify whether the detected first temperature decreases by a first reference
value or more during a reference time (902).

[0193] Thatis, the second controller 206 may identify a start time of hot water use in response to a temperature decrease
of the firsttemperature during the reference time being greater than or equal to the first reference value (YES in 902). Also,
in response to the temperature decrease of the first temperature during the reference time being less than the first
reference value (NO in 902), the second controller 206 may identify whether a first temperature detected during a next
reference time decreases by the first reference value or more, thereby identifying a start time of hot water use (903).
[0194] After the start time of hot water use, the second controller 206 may identify whether an increase of the first
temperature during a preset reference time is greater than or equal to a preset second reference value (904).

[0195] According to the increase of the first temperature during the reference time being greater than or equal to the
preset second reference value (YES in 904), the second controller 206 may identify an end time of hot water use (905).
[0196] According to the increase of the first temperature during the reference time being less than the preset second
reference value (NOin 904), the second controller 206 may identify whether an increase of a first temperature during a next
reference time is greater than or equal to the second reference time, thereby identifying an end time of hot water use (906).
[0197] After the second controller 206 identifies the start time of hot water use and the end time of hot water use, the
second controller 206 may identify a hot water use section based on the start time of hot water use and the end start of hot
water use and calculate a time length of each hot water use section (907).

[0198] Inotherwords, whenever use of hot water starts, the second controller 206 may identify at least one hot water use
section based on a start time of hot water use and an end time of hot water use and calculate a time length of each of the at
least hot water use section.

[0199] FIG. 10 is a flowchart showing a control method of the heat pump system 1 for identifying whether hot water is
used based on a temperature of the water tank outlet pipe 202b, according to another embodiment.

[0200] A control method of the heat pump system for identifying whether hot water is used in the case in which the pipe
temperature sensor 205 is provided on the water tank outlet pipe 202b, according to another embodiment, will be
described with reference to FIG. 10, below.

[0201] According to another embodiment, the second controller 206 may receive information on a temperature (a
second temperature) of the water tank outlet pipe 202b, detected by the pipe temperature sensor 205 (1001).

[0202] The second controller 206 may identify whether the detected second temperature increases by a third reference
value or more during a preset reference time (1002).

[0203] Thatis, accordingto anincrease of the second temperature during the preset reference time being greater than or
equal to the preset third reference value (YES in 1002), the second controller 206 may identify a start time of hot water use
(1003).

[0204] Meanwhile, according to the increase of the second temperature during the reference time being less than the
preset third reference value (NO in 1002), the second controller 206 may identify whether an increase of a second
temperature during a next reference time is greater than or equal to the third reference value, thereby identifying an end
time of hot water use.

[0205] After the start time of hot water use, the second controller 206 may identify whether an increase of a second
temperature during the preset reference time is greater than or equal to the third reference value (1004).

[0206] Accordingto the increase of the second temperature during the reference time being greater than or equal to the

13



10

15

20

25

30

35

40

45

50

55

EP 4 682 438 A1

preset third reference value (YES in 1004), the second controller 206 may identify an end time of hot water use. Also,
according to the increase of the second temperature during the reference time being less than the preset fourth reference
value (NO in 1004), the second controller 206 may identify whether an increase of a second temperature during a next
reference time is greater than or equal to the fourth reference value, thereby identifying an end time of hot water use (1005).
[0207] Itwill be obvious to one of ordinary skillin the art that, even in the case in which the pipe temperature sensor 205 is
positioned on the water tank outlet pipe 202b, according to another embodiment, the second controller 206 may identify a
hot water use section based on a start time of hot water use and an end time of hot water use and calculate a time length of
each hot water use section (1006).

[0208] Also, whenever use of hot water starts, the second controller 206 may identify at least one hot water use section
based on a starttime of hot water use and an end time of hot water use, and calculate a time length of each of the atleastone
hot water use section.

[0209] FIG. 11isaflowchart showing a control method of the heat pump system 1 for determining a user’s hot water use
pattern, according to an embodiment.

[0210] Referringto FIG. 11, according to an embodiment, the second controller 206 may identify a reference section of
which a starttime is a time at which a third temperature detected by the first water temperature sensor 208 reaches a preset
first setting temperature and of which an end time is a time at which the third temperature reaches the preset first setting
temperature (1101).

[0211] The second controller 206 may identify whether the reference section includes a hot water use section identified
as described above with reference to FIGS. 8 and 9 (1102).

[0212] Accordingto atleast one hot water use section being included in the reference section (YES in 1102), the second
controller 206 may calculate a total heat loss quantity Q3 of the water tank 202 according to use of hot water within the
reference section, based on third to fifth temperatures and a flow rate received from the first to third temperature sensors
208 to 210 and the flow sensor 212 as described above with reference to FIG. 7 (1103).

[0213] Thereafter, the second controller 206 may distribute the total heat loss quantity Q3 in proportion to a time length of
the atleast one hot water use section existing within the reference section, thereby calculating a section heat loss quantity
of each hot water use section (1104).

[0214] Whenever athird temperature reaches the first setting temperature, the second controller 206 may identify a start
point and an end point of a reference section to identify the reference section and calculate a section heat loss quantity ofa
hot water use section existing in the reference section, thereby obtaining a plurality of data sets.

[0215] The second controller 206 may identify whether the data sets regarding the hot water use section and the section
heat loss quantity for each hot water use section is sufficient to determine a hot water use pattern hourly on a daily basis
(1105).

[0216] For example, in the case in which data on at least 10 or more hot water use sections and section heat loss
quantities for the respective hot water use sections is obtained based on 24 hours, the second controller 206 may identify
that sufficient data sets to determine a hot water use pattern have been obtained.

[0217] Itis obvious to those skilled in the art that the number of data acquired for each time in the present disclosure is
only an example, and should not be interpreted as limited thereto, but the number of data based on which whether sufficient
data sets to determine a hot water use pattern have been acquired is identified may depend on various criteria.
[0218] According to the second controller 206 identifying that sufficient data sets have not been obtained (NO in 1105),
the second controller 206 may identify a reference section based on a third temperature received from the pipe
temperature sensor 205 and calculate a section heat loss quantity of a hot water use section existing within the identified
reference section to additionally obtain a plurality of data sets.

[0219] According to the second controller 206 identifying that sufficient data sets have been obtained (YES in 1105), the
second controller 206 may determine a hot water use pattern based on the obtained data sets (1106).

[0220] The hot water use pattern determined according to an embodiment may be stored in the second memory 226 of
the second controller 206, and information on the hot water use pattern may be transmitted to the first communication
device 107 through the second communication device 207 and transferred to the first controller 107 of the outdoor unit 10.
[0221] According to another embodiment, the second controller 206 may determine turning-on/off of the compressor
101 based on the hot water use pattern, and then transmit a control signal for turning on/off the compressor 101 to the first
communication device 107 through the second communication device 207 to transmit the control signal to the first
controller 106 of the outdoor unit 10, which will be descried in detail with reference to FIG. 12, below.

[0222] FIG. 12 is a flowchart showing a control method of the heat pump system 1 for determining turning-on/off of a
compressor based on a determined hot water use pattern, according to an embodiment.

[0223] Referring to FIG. 12, according to an embodiment, the second controller 206 may receive a third temperature
detected by the first water temperature sensor 208 at a preset measurement time (hereinafter, the third temperature at the
preset measurement time is referred to as 'Ty’) (1201)

[0224] The second controller 206 may compare T to a stored heat quantity for each temperature of water, calculated in
advance and stored in the second memory 226, and identify an initial stored heat quantity of the water tank 202 at the
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measurement time (1202).

[0225] Thereafter, the second controller 206 may predict a stored heat quantity of the water tank 202 after a preset time
interval (forexample, a time interval of one hour) from the measurement time, based on a determined hot water use pattern
and the initial stored heat quantity identified at the measurement time (1203).

[0226] Forexample, according to the measurementtime being 7:00 PM, the initial stored heat quantity of the water tank
being 100 J, and an average heat loss quantity between 7:00 PM and 8:00 PM based on the determined hot water use
pattern being 130 J, the second control unit 206 may predict a stored heat quantity of the water tank 202 at 8:00 PM as -30 J.
[0227] The second controller 206 may identify whether the predicted stored heat quantity after the preset time interval is
less than a threshold value (1204).

[0228] According to an embodiment, the second controller 206 may determine turning-on of the compressor 101 based
on the predicted stored heat quantity being less than the threshold value (YES in 1204).

[0229] Forexample, because the stored heat quantity of the water tank 202 at 8:00 PM is predicted to be -30J, which is
less than 0, the second controller 206 may determine turning-on of the compressor 101 to supply hot water one hour later.
[0230] According to the second controller 206 determining turning-on of the compressor 101, the second controller 206
may generate a control signal for controlling the compressor 101 and transmit the control signal to the first controller 106 of
the outdoor unit 10 through the second communication device 207.

[0231] The first controller 106 may receive the control signal and turn on the compressor 101 according to the control
signal (1205).

[0232] Accordingto an embodiment, the second controller 206 may determine turning-off of the compressor 101 based
on a third temperature detected by the first water temperature sensor 208 being a preset reference temperature T’ higher
than that at the time at which the compressor 101 has been turned on (1206).

[0233] Forexample, inthe case in which the reference temperature T’ is 10 °C, a third temperature at a time at which the
compressor 101 has been turned on is 40 °C, and the third temperature increases by 10 °C or more while the compressor
101 operates, the second controller 206 may determine turning-off of the compressor 101.

[0234] Basedonthe second controller 206 determining turning-off of the compressor 101, the second controller 206 may
generate a control signal for controlling the compressor 101 and transmit the control signal to the first controller 106 of the
outdoor unit 10 through the second communication device 207.

[0235] The first controller 106 may turn off the compressor by controlling the compressor 101 based on the received
control signal (1207).

[0236] A heat pump system according to an embodiment of the present disclosure may include: a compressor
configured to compress a refrigerant; a water tank storing water; a heat exchanger configured to exchange heat between
the refrigerant received from the compressor and the water received from the water tank and supply the heat-exchanged
water to the water tank; a heating coil configured to heat cold water stored in the water tank; a pipe temperature sensor
configured to detect a first temperature of an inlet pipe through which cold water is supplied to the water tank or a second
temperature of an outlet tank through which hot water is discharged from the water tank; and a controller.

[0237] The controller may identify whether the hot water is used, based on the first temperature of the inlet pipe or the
second temperature of the outlet pipe, detected by the pipe temperature sensor.

[0238] The controller may determine a hot water use pattern of a user according to use of the hot water.

[0239] The controller may determine turning-on/off of the compressor based on the hot water use pattern.

[0240] The controller may identify a start time of hot water use based on a decrease of a temperature of the inlet pipe
during a preset reference time being greater than or equal to a preset first reference value.

[0241] The controller may identify an end time of hot water use based on an increase of a temperature of the inlet pipe
during the presetreference time after use of hot water starts being greater than or equal to a preset second reference value.
[0242] Whenever use of hot water starts, the controller may identify at least one hot water use section based on a start
time of hot water use and an end time of hot water use.

[0243] The controller may identify a start time of hot water use based on an increase of a temperature of the outlet pipe
during the preset reference time being greater than or equal to a preset third reference value.

[0244] The controller may identify an end time of hot water use based on a decrease of a temperature of the outlet pipe
during the preset reference time after the start time of the hot water use being greater than or equal to a preset fourth
reference value.

[0245] Wheneveruse of hot water starts, the controller may determine atleast one hot water use section based on a start
time of hot water use and an end time of hot water use.

[0246] The heat pump system may further include a first water temperature sensor configured to detect a third
temperature of the hot water stored in the water tank, and the controller may identify a reference section of which a
start time is a time at which the third temperature of the hot water reaches a first setting temperature and of which an end
time is a time at which the third temperature of the hot water reaches a second setting temperature.

[0247] The controller may identify whether the reference section includes at least one hot water use section.

[0248] The heat pump system may further include: a second water temperature sensor configured to detect a fourth
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temperature of water flowing into the first heat exchanger; a third water temperature sensor configured to detect a fifth
temperature of water supplied from the first heat exchanger to the water tank; and a flow sensor configured to detect a flow
rate of water flowing into the first heat exchanger, and the controller may calculate a first stored heat quantity of the water
tank at a time at which the third temperature of the hot water reaches the first setting time.

[0249] The controller may calculate a second stored heat quantity of the water tank at a time at which the third
temperature of the hot water reaches the second setting time.

[0250] The controller may calculate a supplied heat quantity supplied to the water tank based on a temperature
difference between the fourth temperature and the fifth temperature and a flow rate detected by the flow sensor.
[0251] The controller may calculate a total heat loss quantity of the water tank according to use of hot water within the
reference section based on the first stored heat quantity, the second stored heat quantity, the supplied heat quantity, and a
basic heat loss quantity depending on characteristics of the water tank.

[0252] The controller may divide the total heat loss quantity into at least one section heat loss quantity based on a time
length of each of the at least one hot water use section.

[0253] The controller may determine the hot water use pattern based on the atleast one hot water use section and the at
least one section heat loss quantity.

[0254] The controller may identify an initial stored heat loss quantity of the water tank based on a third temperature of the
hot water at a preset measurement time.

[0255] The controller may predict a stored heat loss quantity of the water tank after a preset time interval from the
measurement time, based on the hot water use pattern and the initial stored heat loss quantity identified at the
measurement time.

[0256] The controller may determine turning-on of the compressor based on the predicted, stored heat quantity being
less than a preset threshold value.

[0257] The controller may determine turning-off of the compressor according to a third temperature detected by the first
water temperature sensor being a preset reference temperature higher than a temperature at a time at which the
compressor is turned on.

[0258] A method of controlling a heat pump system according to an embodiment of the present disclosure, the heat
pump system including: a compressor configured to compress a refrigerant; a water tank storing water; a heat exchanger
configured to exchange heat between the refrigerant and the water; and a pipe temperature sensor configured to detect a
firsttemperature of an inlet pipe through which cold water is supplied to the water tank or a second temperature of an outlet
pipe through which hot water is discharged from the water tank, may include identifying whether the hot water is used,
based on a first temperature of the inlet pipe or a second temperature of the outlet pipe, detected by the pipe temperature
sensor.

[0259] The control method of the heat pump system may include determining a hot water use pattern of a user according
to use of the hot water.

[0260] The control method of the heat pump system may include determining turning-on/off of the compressor based on
the hot water use pattern.

[0261] The identifying of whether the hot water is used may include, based on a decrease of a temperature of the inlet
pipe during a preset reference time being greater than or equal to a presetfirstreference value, identifying a start time of hot
water use.

[0262] The identifying of whether the hot water is used may include, based on an increase of a temperature of the inlet
pipe during the preset reference time after use of hot water starts being greater than or equal to a preset second reference
value, identifying an end time of hot water use.

[0263] Theidentifying of whether the hot wateris used may include, whenever use of hot water starts, identifying at least
one hot water use section based on a start time of hot water use and an end time of hot water use.

[0264] The identifying of whether the hot water is used may include, based on an increase of a temperature of the outlet
pipe during a preset reference time being greater than or equal to a preset third reference value, identifying a start time of
hot water use.

[0265] The identifying of whether the hot water is used may include, based on a decrease of a temperature of the outlet
pipe during the reference time after the start time of hot water use being greater than or equal to a fourth reference value,
identifying an end time of hot water use.

[0266] The identifying of whether the hot water is used may include, whenever use of hot water starts, identifying at least
one hot water use section based on a start time of hot water use and an end time of hot water use.

[0267] The heat pump system may further include a first water temperature sensor configured to detect a third
temperature of hot water stored in the water tank, and the determining of the hot water use pattern of the user according
to use of the hot water may include identifying a reference section of which a start time is a time at which the third
temperature of the hot water reaches a first setting temperature and of which an end time is a time at which the third
temperature of the hot water reaches a second setting temperature.

[0268] The determining of the hot water use pattern of the user according to use of the hot water may include identifying
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whether at least one hot water use section exists in the reference section.

[0269] The heat pump system may further include a second water temperature sensor configured to detect a fourth
temperature of water flowing into the first heat exchanger; a third water temperature sensor configured to detect a fifth
temperature of water supplied from the first heat exchanger to the water tank; and a flow sensor configured to detect a flow
rate of water flowing into the first heat exchanger, wherein the determining of the hot water use pattern of the user according
to use of hotwater may include calculating afirst stored heat quantity of the water tank at atime at which a third temperature
of the hot water reaches the first setting temperature.

[0270] The determining of the hot water use pattern of the user according to use of hot water may include calculating a
second stored heat quantity of the water tank at a time at which a third temperature of the hot water reaches the second
setting temperature.

[0271] The determining of the hot water use pattern of the user according to use of hot water may include calculating a
supplied heat quantity supplied to the water tank based on a temperature difference between the fourth temperature and
the fifth temperature and a flow rate detected by the flow sensor.

[0272] The determining of the hot water use pattern of the user according to use of hot water may include calculating a
total heat loss quantity of the water tank according to use of hot water within the reference section based on the first stored
heat quantity, the second stored heat quantity, the supplied heat quantity, and a basic heat loss quantity depending on
characteristics of the water tank.

[0273] The determining of the hot water use pattern of the user according to use of hot water may include dividing the
total heatloss quantity into atleast one section heatloss quantity based on a time length of each of the atleast one hot water
use section.

[0274] The determining ofthe hot water use pattern of the user according to use of hot water may include determining the
hot water use pattern based on the at least one hot water use section and the at least one section heat loss quantity.
[0275] The determining of turning on/off of the compressor based on the hot water use pattern may include calculatingan
initial stored heat quantity of the water tank based on a third temperature of the hot water at a preset measurement time.
[0276] The determining of turning on/off of the compressor based on the hot water use pattern may include predicting a
stored heat quantity of the water tank after a preset time interval from the measurement time based on the hot water use
pattern and the initial stored heat quantity calculated at the measurement time.

[0277] The determining of turning on/off of the compressor based on the hot water use pattern may include determining
turning-on of the compressor based on the predicted stored heat quantity being less than a preset threshold value.
[0278] The determining of turning on/off of the compressor based on the hot water use pattern may include
determining turning off of the compressor according to a third temperature detected by the first water temperature sensor
being a preset reference temperature higher than a temperature at a time which the compressor is turned on.

[0279] According to an aspect of the present disclosure, by controlling turning-on/off of a compressor by adding only a
temperature sensor for detecting a temperature of the water tank pipe without having to add a plurality of sensors to
determine a user’s hot water use pattern, a process may be simplified, price competitiveness may be ensured, and hot
water may be supplied with optimal energy efficiency.

[0280] The disclosed embodiments may be implemented in the form of a recording medium that stores instructions
executable by a computer. The instructions may be stored in the form of a program code, and when executed by a
processor, the instructions may create a program module to perform operations of the disclosed embodiments.

[0281] The machine-readable storage medium may be provided in the form of a non-transitory storage medium, wherein
the term’non-transitory storage medium’ simply means that the storage medium is a tangible device, and does notinclude
a signal (e.g., an electromagnetic wave), but this term does not differentiate between where data is semi-permanently
stored in the storage medium and where the data is temporarily stored in the storage medium. For example, a 'non-
transitory storage medium’ may include a buffer in which data is temporarily stored.

[0282] According to an embodiment, the method according to various embodiments of the present disclosure may be
included and provided in a computer program product. The computer program product may be traded as a product
between a seller and a buyer. The computer program product may be distributed in the form of a machine-readable storage
medium (e.g., compact disc read only memory (CD-ROM)), or be distributed (e.g., downloadable or uploadable) online via
an application store (e.g., Play Store™) or between two user devices (e.g., smart phones) directly. When distributed online,
at least part of the computer program product (e.g., a downloadable app) may be temporarily generated or at least
temporarily stored in the machine-readable storage medium, such as a memory of the manufacturer’s server, a server of
the application store, or a relay server.

[0283] Sofar, the disclosed embodiments have been described with reference to the accompanying drawings. It will be
understood by one of ordinary skill in the art to which the present disclosure belongs that the present disclosure can be
implemented in different forms from the disclosed embodiments without changing the technical spirit or essential features
of the present disclosure. Thus, it should be understood that the disclosed embodiments are merely for illustrative
purposes and not for limitation purposes.
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Claims

1.

A heat pump system comprising:

a compressor configured to compress a refrigerant;

a water tank storing water;

a heat exchanger configured to exchange heat between the refrigerant received from the compressor and the
water received from the water tank and supply the heat-exchanged water to the water tank;

a heating coil configured to heat cold water stored in the water tank;

a pipe temperature sensor configured to detect a first temperature of an inlet pipe through which cold water is
supplied to the water tank or a second temperature of an outlet tank through which hot water is discharged from
the water tank; and

a controller configured to identify whether the hot water is used, based on the first temperature of the inlet pipe or
the second temperature of the outlet pipe, detected by the pipe temperature sensor,

determine a hot water use pattern of a user according to use of the hot water, and

determine turning-on/off of the compressor based on the hot water use pattern.

The heat pump system of claim 1, wherein
the controlleris configured to identify a start time of hot water use based on a decrease of atemperature of the inlet pipe
during a preset reference time being greater than or equal to a preset first reference value.

The heat pump system of claim 2, wherein

the controller is configured to identify an end time of hot water use based on an increase of a temperature of the inlet
pipe during the preset reference time after use of hot water starts being greater than or equal to a preset second
reference value.

The heat pump system of claim 3, wherein
the controller is configured to, whenever use of hot water starts, identify at least one hot water use section based on a
start time of hot water use and an end time of hot water use.

The heat pump system of claim 3, wherein

the controller is configured to

identify a start time of hot water use based on an increase of a temperature of the outlet pipe during the preset
reference time being greater than or equal to a preset third reference value,

identify an end time of hot water use based on a decrease of a temperature of the outlet pipe during the preset
reference time after the start time of the hot water use being greater than or equal to a preset fourth reference
value, and

whenever use of hot water starts, determine at least one hot water use section based on a start time of hot water
use and an end time of hot water use.

6. The heat pump system of claim 4 or 5, further comprising

a first water temperature sensor configured to detect a third temperature of the hot water stored in the water tank,
wherein the controller is configured to

identify a reference section of which a starttime is a time at which the third temperature of the hot water reaches a
first setting temperature and of which an end time is a time at which the third temperature of the hot water reaches
a second setting temperature, and

identify whether the reference section includes at least one hot water use section.

7. The heat pump system of claim 6, further comprising:

a second water temperature sensor configured to detect a fourth temperature of water flowing into the first heat
exchanger;

a third water temperature sensor configured to detect a fifth temperature of water supplied from the first heat
exchanger to the water tank; and

a flow sensor configured to detect a flow rate of water flowing into the first heat exchanger,

wherein the controller is configured to
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calculate a first stored heat quantity of the water tank at a time at which the third temperature of the hot water
reaches the first setting time,

calculate a second stored heat quantity of the water tank at a time at which the third temperature of the hot water
reaches the second setting time, and

calculate a supplied heat quantity supplied to the water tank based on a temperature difference between the
fourth temperature and the fifth temperature and a flow rate detected by the flow sensor, and

calculate a total heat loss quantity of the water tank according to use of hot water within the reference section
based on the first stored heat quantity, the second stored heat quantity, the supplied heat quantity, and a basic
heat loss quantity depending on characteristics of the water tank.

8. The heat pump system of claim 7, wherein

the controller is configured to

divide the total heatloss quantity into atleast one section heat loss quantity based on a time length of each of the at
least one hot water use section, and

determine the hot water use pattern based on the at least one hot water use section and the at least one section
heat loss quantity.

9. The heat pump system of claim 8, wherein

the controller is configured to

identify an initial stored heat loss quantity of the water tank based on a third temperature of the hot water ata preset
measurement time,

predict a stored heat loss quantity of the water tank after a preset time interval from the measurement time, based
on the hot water use pattern and the initial stored heat loss quantity identified at the measurement time, and
determine turning-on of the compressor based on the predicted, stored heat quantity being less than a preset
threshold value.

10. The heat pump system of claim 8, wherein

the controller is configured to

determine turning-off of the compressor according to a third temperature detected by the first water temperature
sensor being a preset reference temperature higher than a temperature at a time at which the compressor is
turned on.

11. Amethod of controlling a heat pump system, the heat pump system including: a compressor configured to compress a
refrigerant; a water tank storing water; a heat exchanger configured to exchange heat between the refrigerant and the
water; and a pipe temperature sensor configured to detect a first temperature of an inlet pipe through which cold water
is supplied to the water tank or a second temperature of an outlet pipe through which hot water is discharged from the
water tank, the method comprising

identifying whether the hot water is used, based on a first temperature of the inlet pipe or a second temperature of
the outlet pipe, detected by the pipe temperature sensor,

determining a hot water use pattern of a user according to use of the hot water, and

determining turning-on/off of the compressor based on the hot water use pattern.

12. The method of claim 11, wherein
the identifying of whether the hot water is used comprises,
based on a decrease of atemperature of the inlet pipe during a preset reference time being greater than or equal to
a preset first reference value, identifying a start time of hot water use.
13. The method of claim 12, wherein
the identifying of whether the hot water is used comprises,

based on an increase of a temperature of the inlet pipe during the preset reference time after use of hot water
starts being greater than or equal to a preset second reference value, identifying an end time of hot water use.
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14. The method of claim 13, wherein

the identifying of whether the hot water is used comprises,
whenever use of hot water starts, identifying at least one hot water use section based on a start time of hot water
use and an end time of hot water use.

15. The method of claim 13, wherein

the identifying of whether the hot water is used comprises,

based on anincrease of atemperature of the outlet pipe during a preset reference time being greater than or equal
to a preset third reference value, identifying a start time of hot water use,

based on a decrease of a temperature of the outlet pipe during the reference time after the start time of hot water
use being greater than or equal to a fourth reference value, identifying an end time of hot water use, and
whenever use of hot water starts, identifying at least one hot water use section based on a start time of hot water
use and an end time of hot water use.
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