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(54) Heat pump system and method of controlling the same

(57) Provided are a heat pump system and a method
of controlling the same. In a heating operation, a refrig-
erant circulating in an air-conditioning device (100) is
heat-exchanged with a working fluid heated by a heating

device (200) so as to be heated, and the heating device
is controlled according to a temperature of the working
fluid. Thus, various types of heating members are con-
veniently used as the heating device for heating the re-
frigerant.



EP 2 159 515 A2

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present disclosure relates to a heat pump
system, and more particularly, to a heat pump system
including a heating device for heating a refrigerant in a
heating operation and a method of controlling the heat
pump system.
[0002] In general, an air conditioning system includes
a compressor, a four-way valve, an indoor heat exchang-
er, and an outdoor heat exchanger that are used to per-
form heat exchange cycles for cooling or heating an in-
door area. In a heating operation, the outdoor heat ex-
changer is operated as an evaporator, and the indoor
heat exchanger is operated as a condenser. In detail,
indoor heating is performed as follows: while a refrigerant
is evaporated in the outdoor heat exchanger, heat is ex-
changed between the refrigerant and outdoor air; the re-
frigerant is then compressed to a high-temperature and
highpressure state by the compressor; and then, while
the compressed refrigerant is condensed at the indoor
heat exchanger, heat is exchanged between the refrig-
erant and indoor air.
[0003] Embodiments provide a heat pump system con-
figured to achieve more efficient heating and a method
of controlling the same.
[0004] In one embodiment, a heat pump system in-
cludes: an air-conditioning device configured to cool or
heat a space through heat exchange between a circulat-
ing refrigerant and both outdoor air and indoor air; and a
heating device including a heating unit heating the work-
ing fluid, and a heat-exchanging unit heat-exchanging
the working fluid heated in the heating unit with the re-
frigerant, wherein the heating unit is stopped when the
temperature of the working fluid is a preset reference
temperature or more.
[0005] In another embodiment, a method of controlling
a heat pump system includes: driving an air-conditioning
device in a heating operation; heat-exchanging a working
fluid, heated by a heating device, with a refrigerant cir-
culating in the air-conditioning device; and stopping the
heating device when a temperature of the working fluid
is a preset reference temperature or more.
[0006] The details of one or more embodiments are
set forth in the accompanying drawings and the descrip-
tion below. Other features will be apparent from the de-
scription and drawings, and from the claims.
[0007] Fig. 1 is a block diagram illustrating a heat pump
system according to an embodiment of the invention.
[0008] Fig. 2 is a flowchart illustrating a method of con-
trolling a heat pump system according to an embodiment
of the invention.
[0009] Reference will now be made in detail to the em-
bodiments of the present disclosure, examples of which
are illustrated in the accompanying drawings.
[0010] Fig. 1 is a block diagram illustrating a heat pump
system according to an embodiment of the invention.
[0011] Referring to Fig. 1, the heat pump system 10
according to the illustrated and exemplary embodiment

includes an air-conditioning device 100, a heating device
200, a controller 310, and a memory 312. The heating
device 200, in a heating operation, heats a refrigerant
circulating in the air-conditioning device 100.
[0012] Particularly, the air-conditioning device 100 in-
cludes an outdoor unit 110 and at least one indoor unit
120. The outdoor unit 110 is equipped with various com-
ponents including an outdoor heat exchanger (not
shown) and a compressor (not shown). The indoor unit
120 is equipped with various components including an
indoor heat exchanger (not shown). The outdoor heat
exchanger functions as a condenser in a cooling opera-
tion, and as an evaporator in the heating operation. The
indoor heat exchanger functions as an evaporator in the
cooling operation, and as a condenser in the heating op-
eration. Although the single outdoor unit 110 and the at
least one indoor unit 120 are provided in this embodi-
ment, the number of the outdoor units 110 and indoor
units 120 are not limited thereto. For example, the out-
door unit 110 may be provided in plurality and the number
of indoor units 120 may correspond to the number of the
outdoor units 110.
[0013] The outdoor unit 110 may be connected to the
indoor unit 120 through a refrigerant pipe 130. The re-
frigerant circulating in the outdoor unit 110 and the indoor
unit 120 flows through the refrigerant pipe 130. Although
not shown, the outdoor unit 110 may also be coupled to
the indoor unit 120 through a power line and a commu-
nication line for the transmission of power and commu-
nication therebetween.
[0014] The air conditioning device 100 may include an
outdoor air temperature sensor 302, a refrigerant tem-
perature sensor 304 and a comparator circuit 306 con-
figured to provide an indication of a temperature differ-
ence, ∆T, between the temperature measured by the out-
door air temperature sensor 302 and the refrigerant tem-
perature sensor 304. The indication may be, for example,
a voltage or current proportional to the difference or a
predetermined signal if the temperature difference is less
than or equal to a predetermined value.
[0015] The outdoor unit 110 may be provided with a
bypass pipe 111. The bypass pipe 111 may be configured
to selectively circulate the refrigerant circulating in the
air-conditioning device 100 through a heat-exchanging
unit 230 that will be described later. To this end, both
ends of the bypass pipe 111 communicate with the re-
frigerant pipe 130.
[0016] The bypass pipe 111 is equipped with a valve
113. The valve 113 is configured to selectively direct the
refrigerant circulating through the refrigerant pipe 130 to
the bypass pipe 111 depending on whether the heating
device 200 is operated, that is, whether the refrigerant is
heated by the heating device 200.
[0017] The heating device 200 may include a fluid pipe
210, a heating unit 220, the heat-exchanging unit 230, a
pump 240, and a sensor 250. A working fluid flows in the
fluid pipe 210. Substantially, the heating unit 220 heats
the working fluid flowing through the fluid pipe 210 to
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generate heat. The heat may be transferred to the refrig-
erant flowing in bypass pipe 111 within the heat-exchang-
ing unit 230. For example, the heating unit 220 may be
a boiler or hot water tank. The heat-exchanging unit 230
transfers heat generated from the heating unit 220 to the
refrigerant. More particularly, the heat-exchanging unit
230 heat-exchanges the working fluid heated by the heat-
ing unit 220 with the refrigerant circulating in the air-con-
ditioning device 100, so that the refrigerant is heated. To
this end, the working fluid flowing through the fluid pipe
210 and the refrigerant flowing through the bypass pipe
111 are heat-exchanged with each other, passing
through the heat-exchanging unit 230. It will be appreci-
ated that the working fluid circulating in the fluid pipe 210
and the refrigerant circulating in the bypass pipe 111 are
separated from one another in the heat exchanging unit
230. It will further be appreciated that a heat transferring
medium may be provided in the heat-exchanging unit
230, for the heat exchange between the refrigerant flow-
ing through the bypass pipe 111 and the working fluid
flowing through the fluid pipe 210.
[0018] The pump 240 may force the working fluid to
circulate through the fluid pipe 210. The sensor 250 may
sense temperature of the working fluid flowing through
the fluid pipe 210. For example, the sensor 250 may be
installed on one side of the fluid pipe 210 to sense the
temperature of the working fluid that is heated in the heat-
ing unit 220 and flows to the heat-exchanging unit 230.
In an alternate embodiment, a sensor 252 (shown in
dashed line) may sense a temperature of the heat trans-
ferring medium provided in the heat-exchanging unit 230.
Sensor 252 may be used with or instead of sensor 250.
[0019] The heat pump system 10 may also include a
controller 310 and a memory 312 operationally coupled
to the controller 310. The memory 312 may store instruc-
tions, which when executed by the controller 310, may
cause the heat pump system 10 to perform according to
the following exemplary method. The controller 310 may
receive input from, and provide output to, one or both of
the air conditioning device 100 and the heating device
200.
Alternatively, the instructions for performing the method
of the invention may be stored in a preexisting memory
(not shown) in either the air conditioning device 100 or
the heating device 200 and be executed by a preexisting
controller (not shown) in either the air conditioning device
100 or the heating device 200. In still another embodi-
ment, a method according to an embodiment of the in-
vention may be efficiently carried out by hard-wired digital
or analog logic, without a need for a controller and mem-
ory.
[0020] Hereinafter, a method of controlling the heat
pump system 10 according to an embodiment will now
be described in detail with reference to the accompanying
drawing.
[0021] Fig. 2 is a flowchart illustrating the method of
controlling the heat pump system 10 according to an em-
bodiment of the invention.

[0022] Referring to Fig. 2, at S11, the air-conditioning
device 100 is driven in a heating operation. At this point,
the outdoor heat exchanger and the indoor heat exchang-
er of the air-conditioning device 100 function as an evap-
orator and a condenser, respectively.
[0023] At S13, it is determined whether the refrigerant
circulating in the air-conditioning device 100 is required
to be heated. Whether the refrigerant is required to be
heated is determined, for example, according to whether
a difference between a temperature of outdoor air and a
temperature of the refrigerant is a less than or equal to
a predetermined value. This difference in temperature is
an indication of whether sufficient evaporation of the re-
frigerant occurs in the outdoor heat exchanger.
[0024] If, at S13, it is determined that heating of the
refrigerant is required, then at S15, the heating device
200 is operated. Particularly, the heating unit 220 is
turned on to heat the working fluid. The heated working
fluid flows through the fluid pipe 210 and passes through
the heat-exchanging unit 230. The refrigerant circulating
in the air-conditioning device 100, and particularly, the
refrigerant evaporated at the outdoor heat exchanger and
then delivered to the compressor, is permitted to flow
through the bypass pipe 111 by opening the valve 113.
The refrigerant flows through the bypass pipe 111 and
passes through the heat-exchanging unit 230. Thus,
while the refrigerant is heat-exchanged with the working
fluid, via, for example, heat transferring medium within
the heat-exchanging unit 230, the refrigerant is heated.
[0025] In the state where the heating device 200 is in
operation, the sensor 250 senses a temperature of the
working fluid. At S17, it is determined whether the tem-
perature of the working fluid is greater than or equal to a
predetermined reference temperature.
[0026] At S17, if it is determined that the temperature
of the working fluid is greater than or equal to the prede-
termined reference temperature, the heating device 200
is stopped. This action substantially prevents a phenom-
enon of overheating the refrigerant.
[0027] In addition, when the heating device 200 is
stopped, the valve 113 is closed to stop the bypass of
the refrigerant through the bypass pipe 111.
[0028] According to one embodiment, the heating de-
vice 200 heats the refrigerant evaporated at the outdoor
heat exchanger. Thus, the temperature of the refrigerant
delivered to the compressor during heating operation is
increased, thereby achieving efficient heating.
[0029] In addition, the heating device 200 may be
turned on or off according to a temperature of the working
fluid flowing in the heating device. This makes it possible
to prevent the phenomenon that the heating device 200
overheats the refrigerant, thereby protecting the heat
pump system 10. In an alternate embodiment, the heat-
ing device may be turned on or off according to a tem-
perature of the heat transferring medium within the heat-
exchanging unit 230. In still another alternate embodi-
ment, the heating device may be turned on or off accord-
ing to a temperature of one or both of the heat transferring

3 4 



EP 2 159 515 A2

4

5

10

15

20

25

30

35

40

45

50

55

medium within the heat-exchanging unit 230 and a tem-
perature of the working fluid flowing in the heating device.
[0030] In addition, the operation of the heating device
220 may be controlled according to a temperature of the
working fluid heated by the heating unit. Thus, various
types of heat producing units may be used as the heating
unit. For example, even when a boiler or a hot water
heater is used as the heating unit, the boiler is easily
controlled.
[0031] Although embodiments have been described
with reference to a number of illustrative embodiments
thereof, it should be understood that numerous other
modifications and embodiments could be devised by
those skilled in the art that will fall within the scope of the
principles of this disclosure. More particularly, various
variations and modifications are possible in the compo-
nent parts and/or arrangements of the subject combina-
tion arrangement within the scope of the disclosure, the
drawings, and the appended claims. In addition to vari-
ations and modifications in the component parts and/or
arrangements, alternative uses will also be apparent to
those skilled in the art.

Claims

1. A heat pump system comprises an air-conditioning
device configured to cool or heat a space through
heat exchange between a circulating refrigerant and
both outdoor air and indoor air; and a heating device
configured to heat a working fluid heat-exchanged
with the refrigerant circulating in the air-conditioning
device,
characterized in that operation of the heating de-
vice is controlled according to one of a temperature
of the working fluid and a temperature of the refrig-
erant.

2. The heat pump system according to claim 1, further
comprising a bypass pipe to couple the air-condition-
ing device to the heating device, wherein the refrig-
erant is selectively directed to the bypass pipe such
that the refrigerant is heat-exchanged with the work-
ing fluid.

3. The heat pump system according to claim 1 or 2,
wherein the air-conditioning device comprises:

at least one outdoor unit equipped with an out-
door heat exchanger and a compressor; and
at least one indoor unit equipped with an indoor
heat exchanger.

4. The heat pump system according to any one of
claims 1 to 3, wherein the heating device comprises:

a heating unit heating the working fluid; and
a heat-exchanging unit heat-exchanging the

working fluid heated in the heating unit with the
refrigerant.

5. The heat pump system of claim 4, wherein operation
of the heating device is controlled according to one
of a temperature of the working fluid, a temperature
of the refrigerant, and a temperature of a heat trans-
ferring medium in the heat-exchanging unit.

6. The heat pump system according to any one of
claims 1 to 4, wherein the heating device is stopped
when the temperature of the working fluid is a preset
reference temperature or more.

7. The heat pump system according to any one of
claims 1 to 4, wherein the heating device is stopped
when the temperature of the refrigerant is a preset
reference temperature or more.

8. The heat pump system of claim 1, wherein the heat-
ing unit is started when a difference between a tem-
perature of outdoor air and a temperature of the re-
frigerant circulating in the air-conditioning device is
less than or equal to a predetermined value.

9. A method of controlling a heat pump system to pre-
vent overheating of a refrigerant circulating in a heat
exchanging unit and in an air-conditioning device,
the method comprising:

driving the air-conditioning device in a heating
operation;
heat-exchanging a working fluid circulating in
the heat exchanging unit and heated by a heat-
ing unit, with the refrigerant circulating in the
heat exchanging unit and in the air-conditioning
device; and
stopping the heating unit when a temperature of
the working fluid is a preset reference tempera-
ture or more.

10. The method according to claim 9, wherein the heat-
exchanging of the working fluid comprises operating
the heating unit only when the refrigerant is required
to be heated.

11. The method according to claim 10, wherein the heat-
exchanging of the working fluid comprises determin-
ing whether the refrigerant is required to be heated,
at least in consideration of a difference between a
temperature of the refrigerant circulating in the air-
conditioning device and a temperature of outdoor air.
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