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be dried; a passage configured to guide air discharged

from the inside of the drum to the outside of the drum,

and then to be introduced back into the drum; a heat

pump system configured to heat the air that is to be in-
troduced back into the inside of the drum, and including
a compressor, a condenser, an expansion valve, and an
evaporator, through which a refrigerant circulates; and a
controller. The controller may control, in response to re-
ceiving, from the user, a command for an anti-freeze
mode operation, the clothes dryer such that a heating
operation in which after the compressor is driven for a
first period of time, the compressor is stopped for a sec-
ond period of time is repeatedly performed for a plurality
of times.
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Description
[Technical Field]

[0001] The disclosure relates to a clothes dryer and,
more specifically, to a clothes dryer that predicts a risk
of freezing and informs the user of the risk, and provides
driving in a prepared anti-freeze driving mode according
to the user’s selection and a method for controlling the
same.

[Background Art]

[0002] A clothes dryer is a device for drying objects by
supplying hot air into a drum containing the objects made
of various materials, which may include clothes, towels,
and blankets, while rotating the drum at low speed. Typ-
ically, clothes dryers may be categorized into exhausting
type dryers that directly discharge the humid air from the
drum to the outside after heat exchange with the drying
objects inthe drum and circulating (or condensing) dryers
that dehumidify and heat the humid air from the drum to
circulate backinto the drum, rather than directly discharg-
ing the humid air to the outside. The condensing dryers
have a heat pump system composed of a compressor,
a condenser, an expansion valve, and an evaporator,
and is configured to circulate refrigerant among them. In
the condensing dryer, the humid air discharged from the
drum is heat exchanged (and dehumidified) through con-
tact to the evaporator of the heat pump system and is
heated through the condenser, and the resultant hot, dry
air is introduced back into the drum. Condensate from
the air builds up on the surface of the evaporator during
the heat exchange process. The condensate on the sur-
face of the evaporator accumulates on the bottom of the
base and then moves to the pump chamber, and the
pump operates to discharge the condensate accumulat-
ed in the pump chamber to the outside at regular periods
or based on a predetermined water level.

[Detailed Description of the Invention]
[Technical Problem]

[0003] In a condensing dryer, if the external tempera-
ture of the space where the dryer is installed is de-
creased, the condensate remaining inside the dryer may
freeze, and the frozen condensate may disturb the op-
eration of the dryer. For example, the freezing of the con-
densate remaining on the surface of the evaporator de-
teriorates the rate of heat exchange with the air dis-
charged from the drum. For example, freezing of the con-
densate remaining in the hose inside the clothes dryer
deteriorates smooth drainage. For example, freezing of
the condensate remaining in the pump chamber con-
strains the impeller of the pump, impeding the operation
of the pump and turning the clothes dryer into a drain
failure detection state without the condensate being dis-
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charged from the pump chamber. There are a variety of
methods that have been tried to de-ice clothes dryers,
all of which are reactive and require significant time and
effort to remove the ice, causing user inconvenience. In
addition, many of the methods that are commonly tried
to remove ice, such as pouring hot water into the pump
chamber, are likely to cause accidents or even failure of
the clothes dryer.

[0004] An aspect of the disclosure is to provide a
clothes dryer that may be driven in an anti-freeze mode
for preventing freezing when there is a risk of freezing
and may effectively prevent freezing while minimizing
noise or power consumption occurring as the dryer runs,
and an anti-freeze mode driving method.

[0005] Another aspect of the disclosure is to provide a
clothes dryer that may predict a risk of freezing, inform
the user of the risk, and operate in a prepared anti-freeze
mode according to the user’s selection.

[Technical Solution]

[0006] According to an aspect of the disclosure, a
clothes dryer may comprise a temperature acquisition
unit configured to obtain a temperature value, a drum
configured to accommodate an object to be dried, a flow
passage configured to guide air discharged from an in-
side of the drum to an outside of the drum, and then to
be introduced back into the inside of the drum, a heat
pump system configured to heat the air that is to be in-
troduced back into the inside of the drum, and the heat
pump system including a compressor, a condenser, an
expansion valve, and an evaporator through which a re-
frigerant circulates, and a controller. The controlleris con-
figured to. , in response to receiving a command from a
user for an anti-freeze mode operation, control the
clothes dryer to repeatedly perform a heating operation
for a plurality of times. In the heating operation, after the
compressor is driven for a first period of time, the com-
pressor is stopped for a second period of time.

[0007] According to another aspect of the disclosure,
a method for performing an anti-freeze operation in a
clothes dryer, the clothes dryer including a temperature
sensor, a drum, a blower fan configured to cause air to
move inside and outside the drum, a motor configured
to rotate the blower fan, a heat pump including a com-
pressor, and a heater configured to heat the air that is
introduced into the drum, may comprise repeating a heat-
ing operation for a plurality of times. The heating opera-
tion may include driving the motor, the compressor, and
the heater for afirst period of time based on an operation
specification determined according to a temperature
measured by the temperature sensor, and stopping the
motor, the compressor, and the heater for a second pe-
riod of time., The method may include performing a cool-
ing operation in which the motor is driven for a third period
of time with the compressor and the heater stopped.
[0008] The clothes dryer according to various embod-
iments of the disclosure may maintain its internal tem-
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perature not to decrease to the freezing temperature by
driving in the anti-freeze mode although the external tem-
perature is decreased, thereby allowing the user to con-
veniently use the clothes dryer anytime when he/she de-
sires to dry clothes without inconveniences due to freez-
ing. The clothes dryer and anti-freeze driving method ac-
cording to various embodiments of the disclosure may
minimize the driving of the motor, compressor, and heat-
er within a range of bringing about an anti-freeze effect,
thereby preventing excessive waste of power for anti-
freeze purposes and excessive noise. The clothes dryer
according to various embodiments of the disclosure may
predict a risk of freezing when the external temperature
decreases and inform the user of the risk, thereby allow-
ing the user to be aware of the risk of freezing and take
appropriate proactive measures.

[0009] Effects of the present invention are not limited
to the foregoing, and other unmentioned effects would
be apparent to one of ordinary skill in the art from the
following description. In other words, unintended effects
in practicing embodiments of the disclosure may also be
derived by one of ordinary skill in the art from the em-
bodiments of the disclosure.

[Brief Description of the Drawings]
[0010]

FIG. 1 is a perspective view illustrating an outer ap-
pearance of a condensing clothes dryer 100 accord-
ing to an embodiment of the disclosure;

FIG. 2 is a side cross-sectional view illustrating the
condensing clothes dryer of FIG. 1;

FIG. 3 is a view conceptually illustrating an air circu-
lation path of air circulating inside and outside the
drum of the condensing clothes dryer of FIG. 1 and
a refrigerant circulation path of the heat pump sys-
tem;

FIG. 4 is a functional block diagram schematically
illustrating operation functions of the condensing
clothes dryer of FIG. 1 according to an embodiment
of the disclosure;

FIG. 5 is a flowchart schematically illustrating an
overall process in which a condensing clothes dryer
predicts arisk of freezing and performs an operation
corresponding thereto under the control of the con-
troller of FIG. 4 according to an embodiment of the
disclosure;

FIG. 6 illustrates an example of a notification dis-
played on a user equipment (UE) when a freezing
risk prediction message generated by the controller
of FIG. 4 is provided to the UE according to an em-
bodiment of the disclosure;

FIG. 7 is aflowchart illustrating a process of perform-
ing an operation in an anti-freeze mode according
to an embodiment of the disclosure;

FIG. 8 illustrates a time table showing each step of
a process of performing an operation in an anti-
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freeze mode according to FIG. 7;

FIG. 9 is a view illustrating changes in power con-
sumption over time when an operation in an anti-
freeze mode is performed on a condensing clothes
dryer according to an embodiment of the disclosure;
FIG. 10 is a view schematically illustrating changes,
over time, in temperature of each component of a
condensing clothes dryer in an initial time when an
operation in an anti-freeze mode is performed on a
condensing clothes dryer according to an embodi-
ment of the disclosure; and

FIG. 11 is a view schematically illustrating changes,
over time, in temperature of each component of a
clothes dryer in an initial time of operation when an
operationin an anti-freeze mode according to anem-
bodiment of the disclosure is performed through driv-
ing of a heater and a compressor of a heat pump
system and when the operation in the anti-freeze
mode is performed by driving only the compressor
of the heat pump system.

[Mode for Carrying out the Invention]

[0011] Embodiments of the present invention are now
described with reference to the accompanying drawings
in such a detailed manner as to be easily practiced by
one of ordinary skill in the art. However, the disclosure
may be implemented in other various forms and is not
limited to the embodiments set forth herein. The same
or similar reference denotations may be used to refer to
the same or similar elements throughout the specification
and the drawings. Further, for clarity and brevity, no de-
scription is made of well-known functions and configura-
tions in the drawings and relevant descriptions.

[0012] FIG. 1is a perspective view illustrating an outer
appearance of a condensing clothes dryer according to
an embodiment of the disclosure. FIG. 2 is a side cross-
sectional view illustrating the condensing clothes dryer
of FIG. 1.

[0013] Referring to FIGS. 1 and 2, a condensing
clothes dryer 100 according to an embodiment of the
disclosure may include a housing 110 forming an outer
appearance, a drum 120 rotatably disposed in the hous-
ing 110 and configured to accommodate an object to be
dried, a drum driver 130 driving the drum 120 to rotate,
an air circulation flow passage 140 guiding air discharged
from an inside of the drum 120 back to be introduced
back into the inside of the drum 120, and a heat pump
system 150 removing moisture from the air passing
through the air circulation flow passage 140 and applying
heat.

[0014] According to an embodiment of the disclosure,
the housing 110 may have a substantially hexahedral
shape, butthe disclosure is not limited thereto. According
to various embodiments of the disclosure, the housing
110 may include a base plate 111, a front cover 112, a
top cover 113, and a side/rear cover 114. According to
various embodiments of the disclosure, the front cover
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112 may include an opening (not shown) formed in the
center. A door 115 may be rotatably installed on the front
cover 112 in a position corresponding to the opening.
According to various embodiments of the disclosure, the
opening on the front cover 112 may be opened or closed
by opening and closing the door 115.

[0015] According to various embodiments of the dis-
closure, an input unit 117 for receiving control inputs from
the user and a display 118 for displaying a screen for
guiding the user’s input or various pieces of information
regarding the operation of the dryer 100 may be disposed
at the upper end of the front cover 112 of the housing
110. According to an embodiment of the disclosure, as
shown in FIG. 1, the input unit 117 may include at least
one input unit among a j og shuttle or dial-type input unit
117a, which may be gripped and rotated by the user, and
a touch pad or key/button-type input unit 117b, but the
disclosure is not limited thereto. According to an embod-
iment of the disclosure, a selection of anti-freeze mode
and an operation start/stop command may be received
from the user through the input unit 117. According to an
embodiment of the disclosure, the display 118 may in-
clude various types of display panels, such as an LCD,
LED, OLED, QLED or micro LED, and have a touch pad
onthe front surface thereof to be implemented as atouch-
screen, but the disclosure is not limited to a specific type
of display. According to various embodiments of the dis-
closure, operation states and user manipulation states
of the clothes dryer 100 may be displayed through the
display 118. According to various embodiments, a risk
of freezing may be made known through the display 118,
and a message inquiring about the operation in anti-
freeze mode may be displayed through the display 118.
[0016] According to an embodiment of the disclosure,
atemperature sensor 119 may be disposed near the dis-
play 118 at an upper end of the front cover 112 of the
housing 110. According to an embodiment of the disclo-
sure, the temperature sensor 119 may detect the tem-
perature of the surrounding external air of the condensing
clothes dryer 110 and transfer the detected temperature
to a controller (see FIG. 4) described below. In the draw-
ings and the related descriptions, the temperature sensor
119 for measuring the external temperature is illustrated
and described as being disposed next to the display 118
atan upper end of the front cover 112 of the housing 110,
but the disclosure is not limited thereto. According to an-
other embodiment of the disclosure, the temperature
sensor 119 may be disposed at any other positions ap-
propriate for measuring the external temperature, e.g.,
at any position on the front cover 112, top cover 113, or
side/rear cover 114 of the housing 110.

[0017] According to various embodiments of the dis-
closure, the drum 120 may have a cylindrical shape with
open front and rear surfaces and horizontally disposed.
According to various embodiments of the disclosure, the
front surface and rear surface of the drum 120 may be
rotatably supported by a front panel 121 and a rear panel
122, respectively, fixed to the housing 110. According to
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various embodiments of the disclosure, an open part 123
may be formed in positions corresponding to the above-
described door 115 and opening (not shown) in the front
cover 112, in the center of the front panel 121. According
to various embodiments of the disclosure, the opening
of the front cover 112 and the open part 123 on the front
panel 121 may be opened and closed together by open-
ing and closing the above-described door 115. According
to various embodiments of the disclosure, when the
opening in the front cover 112 and the open part 123 are
opened, the item to be dried may be put into the inside
of the drum 120 or the drying item may be removed from
the inside of the drum 120.

[0018] According to various embodiments of the dis-
closure, an exhaust port 124 may be formed on a lower
side of the front panel 121. According to various embod-
iments of the disclosure, air from the inside of the drum
120 may be discharged to the outside through the ex-
haust port 124. According to various embodiments of the
disclosure, a drum discharge temperature sensor 127
may be disposed near the exhaust port 124 to measure
the temperature of the air discharged from inside the
drum 120, but the disclosure is not limited thereto. In the
drawings, the drum discharge temperature sensor 127
is illustrates as being disposed near the exhaust port 124
on the front duct 144 described below, but the disclosure
is not limited thereto. According to another embodiment
ofthe disclosure, the drum discharge temperature sensor
127 may be disposed at any position near the exhaust
port 124 inside or outside the drum 120 to be able to
measure the temperature of the air discharged from the
drum 120.

[0019] According to various embodiments of the dis-
closure, on the rear panel 122 supporting the rear surface
of the drum 120, a hot air inlet 125 for allowing hot dry
air to flow into the drum 120 may be formed. According
to various embodiments of the disclosure, high-temper-
ature dry air may be introduced into the drum 120 from
the air circulation flow passage 140, which is described
below, through the hot air inlet 125.

[0020] According to various embodiments of the dis-
closure, the drum 120 may include a plurality of lifters
126 protruding on the inner circumferential surface as
shown in FIG. 2. According to various embodiments of
the disclosure, the lifters 126 on the inner circumferential
surface of the drum 120 may lift the drying item to elevate
and drop the drying item while the drying process pro-
ceeds while the drum 120 rotates, thereby allowing the
drying item to be evenly dried on several surfaces thereof.
According to various embodiments of the disclosure, a
roller 128 may be provided on the outer circumferential
surface of the drum 120 to support the drum 120 to
smoothly rotate, but the disclosure is not limited thereto.
[0021] According to various embodiments of the dis-
closure, the drum driver 130 may include a driving motor
131 disposed under the drum 120 inside the housing 110
and a driving pulley 132 connected to the driving motor
131 and receiving power from the driving motor 131 to
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rotate. According to various embodiments of the disclo-
sure, the drum driver 130 may include a belt 133 to rotate
the drum 120 while being rotated by the rotation of the
driving pulley 132. According to various embodiments of
the disclosure, the belt 133 may be installed to surround
the outer circumferential surface of the driving pulley 132
and the outer circumferential surface of the drum 120
and, as the driving pulley 132 is rotated as the driving
motor 131 is driven, the drum 120 may be rotated. Ac-
cording to various embodiments of the disclosure, the
drum 120 may be rotated clockwise and/or counterclock-
wise as the driving motor 131 is driven.

[0022] According to various embodiments of the dis-
closure, the air circulation flow passage 140 may include
a blower fan 141 disposed on the air circulation flow pas-
sage 140 to circulate air through the air circulation flow
passage 140 and a blower fan case 142 to receive the
blower fan 141. According to various embodiments of the
disclosure, the air circulation flow passage 140 may in-
clude the front duct 144 connecting the exhaust port 124
on the side of the front panel 121 of the drum 120 and
the blower fan 141, and a rear duct 145 connecting the
downstream portion of the blower fan 141 to the hot air
inlet 125 on the rear panel 122 of the drum 120.

[0023] According to an embodiment of the disclosure,
as shownin FIG. 2, the blower fan 141 may be connected
to the driving motor 131 for driving the drum 120 to be
rotated by the rotation of the driving motor 131, but the
disclosure is not limited thereto. According to another
embodiment of the disclosure, a separate motor (not
shown) may further be provided in the housing 110 to
drive the blower fan 141. According to various embodi-
ments of the disclosure, by the air flow generated by the
rotation of the blower fan 141, the air from the inside of
the drum 120 may be discharged to the outside through
the exhaust port 124, pass through the air circulation flow
passage 140, and be introduced back into the inside of
the drum 120 through the hot air inlet 125.

[0024] According to various embodiments of the dis-
closure, a filter 146 may be disposed on the front duct
144 of the air circulation flow passage 140. According to
an embodiment of the disclosure, the filter 146 may filter
foreign bodies in the air discharged through the exhaust
port 124 from the inside of the drum 120, e.g., dust or lint
from the drying item inside the drum 120. According to
various embodiments of the disclosure, at least a portion
ofthe heat pump system 150 described below and aheat-
er 146 may be disposed on the rear duct 145 of the air
circulation flow passage 140.

[0025] According to an embodiment of the disclosure,
the heat pump system 150 may dehumidify and heat the
air circulating through the air circulation flow passage
140, particularly the rear duct 145, into a hot dry state.
According to various embodiments of the disclosure, the
heat pump system 150 may include a compressor (156
of FIG. 3), a condenser 152, an expansion valve (158 of
FIG. 3), and an evaporator 154, and the refrigerant may
sequentially circulate between the components. Accord-
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ing to various embodiments of the disclosure, some of
the components of the heat pump system 150, e.g., the
evaporator 154 and the condenser 152, may be received
on the air circulation flow passage 140. According to var-
ious embodiments of the disclosure, the humid air dis-
charged from the inside of the drum 120 and introduced
into the front duct 144 may be cooled through contact
with the evaporator 154 on the air circulation flow pas-
sage 140 and, during the cooling process, moisture may
be removed from the air, forming condensate around the
evaporator 154. According to various embodiments of
the disclosure, the air cooled through contact with the
evaporator 154 may be heated through contact with the
condenser 152 on the air circulation flow passage 140
into a high-temperature and dry state.

[0026] According to various embodiments of the dis-
closure, as shown in FIG. 2, the heater 146 may be dis-
posed downstream of the above-described heat pump
system 150, particularly the evaporator 154 and the con-
denser 152, on the rear duct 145. According to various
embodiments of the disclosure, the heater 146 may fur-
ther heat the air heated by the condenser 152. According
to various embodiments of the disclosure, it is possible
to more quickly increase the temperature of the air sup-
plied to the drum 120 by assisting the condenser 152 in
further heating the air by the heater 146.

[0027] FIG. 3 is a view conceptually illustrating an air
circulation path of air circulating inside and outside the
drum 120 of the condensing clothes dryer 100 of FIG. 1
and arefrigerant circulation path of the heat pump system
150. Referring to FIG. 3, the air circulation path (shown
in a solid line) shows the flow of air between the drum
120 and the air circulation flow passage 140 described
above in connection with FIG. 2. The refrigerant circula-
tion path (indicated by a dashed line) shown in FIG. 3
shows a refrigerant flow between the components of the
heat pump system 150 described above in connection
with FIG. 2.

[0028] According to various embodiments of the dis-
closure, the compressor 156 may compress a gaseous
refrigerant into a high-temperature and high-pressure
state and discharge the compressed high-temperature
and high-pressure refrigerant. For example, according
to an embodiment of the disclosure, the compressor 156
may compress the refrigerant through reciprocation of
the piston or rotation of the rotator, but the disclosure is
not limited thereto. According to various embodiments of
the disclosure, the refrigerant discharged from the com-
pressor 156 may pass through the refrigerant tempera-
ture sensor 159 and the temperature may be measured
by the refrigerant temperature sensor 159. According to
various embodiments of the disclosure, the refrigerant
discharged from the compressor 156 may be transferred
to the condenser 152. According to various embodiments
of the disclosure, the condenser 152 may condense the
compressed gaseous refrigerant into liquid, while dis-
charging heat to the outside. According to various em-
bodiments of the disclosure, the liquid refrigerant con-
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densed by the condenser 152 may be transferred to the
expansion valve 158. According to various embodiments
of the disclosure, the expansion valve 158 may expand
the high-temperature and high-pressure liquid refrigerant
condensed in the condenser 152 into a low-pressure lig-
uid refrigerant. According to various embodiments of the
disclosure, the evaporator 154 may evaporate the liquid
refrigerant expanded through the expansion valve 158,
and the resultant low-temperature and low-pressure gas
refrigerant may be returned to the compressor 156. Ac-
cording to various embodiments of the disclosure, the
evaporator 154 may absorb heat from the surroundings
through an evaporation process of changing the low-
pressure liquid refrigerant into a gaseous refrigerant. In
short, as shown in FIG. 3, in the heat pump system 150,
the refrigerant may circulate in the order of the compres-
sor 156, the condenser 152, the expansion valve 158,
and the evaporator 154.

[0029] According to various embodiments of the dis-
closure, as described above, humid air may be dis-
charged from the drum 120 (e.g., through the exhaust
port 124 shown in FIG. 2). According to various embod-
iments of the disclosure, the humid air discharged from
the drum 120 may pass through the blower fan 141 and
then contact the evaporator 154 of the heat pump system
150 as shown in FIG. 3. According to various embodi-
ments of the disclosure, the evaporator 154 may absorb
the heat from the surroundings through the evaporation
process of the refrigerant and cool the ambient air as
described above. Accordingly, if the air around the evap-
orator 154 is cooled down to the dew point or less, the
moisture in the air may condense on the surface of the
evaporator 154, ridding the air of moisture. According to
various embodiments of the disclosure, water (conden-
sate) condensed on the surface of the evaporator 154
may be collected in a water tray container (not shown)
provided under the evaporator 154. The water collected
in the water tray container may be moved to a separate
reservoir, e.g., the pump chamber, to be drained outside
of the clothes dryer 100.

[0030] According to various embodiments of the dis-
closure, the air dehumidified and cooled through contact
to the evaporator 154 may be heated through contact to
the condenser 152 as described above. According to var-
ious embodiments of the disclosure, as described above,
the condenser 152 may discharge heat in the process of
condensing the compressed gaseous refrigerant into lig-
uid, and the ambient air may be heated by the discharged
heat. According to various embodiments of the disclo-
sure, the air heated through the condenser 152 may be
moved to the drum 120 and be further heated by the
heater 146 as shown in FIG. 3. According to various em-
bodiments of the disclosure, as described above, the air
which is dehumidified and heated into a high-temperature
dry state through the evaporator 154 and the condenser
152 and the heater 146 of the heat pump system 150
may be introduced back into the drum 120 (through the
hot air inlet 125 in FIG. 2), drying the drying item inside
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the drum 120.

[0031] FIG. 4 is a functional block diagram schemati-
cally illustrating operation functions of the clothes dryer
100 of FIG. 1 according to an embodiment of the disclo-
sure. For convenience of description, the description tak-
en in conjunction with the drawings may focus primarily
on components necessary to understand operational
functions according to an embodiment of the disclosure,
with the other functions omitted. According to an embod-
iment of the disclosure, as shown in FIG. 4, a condensing
clothes dryer 100 may include a temperature sensor 119
measuring the temperature of external air surrounding
the dryer 100, an input unit 117 receiving a control com-
mand from the user, a communication unit 410 support-
ing communication with an external user equipment (UE)
and/or an external data server through an external com-
munication network according to a wired/wireless
scheme, the driving motor 131 driving rotation of the drum
120 and the blower fan 141, the compressor 156 of the
heat pump system 150, the refrigerant temperature sen-
sor 159 measuring the temperature of the refrigerant dis-
charged from the compressor 156, the heater 146 dis-
posed on the rear duct 145 of the air circulation path 140
to heat the air to be supplied to the inside of the drum
120, a controller 420 controlling the overall operation of
each component of the condensing clothes dryer 100, a
control table 430 storing various information necessary
to control the condensing clothes dryer 100, and the dis-
play 118 displaying information regarding various status-
es of the clothes dryer 100.

[0032] According to an embodiment of the disclosure,
the temperature sensor 119 may measure the tempera-
ture of the external air surrounding the clothes dryer 100.
According to an embodiment of the disclosure, as de-
scribed above in connection with FIG. 1, the temperature
sensor 119 may be disposed on one side of an upper
end of the front cover 112 of the condensing clothes dryer
100, but the disclosure is not limited thereto. According
to another embodiment of the disclosure, the tempera-
ture sensor 119 may be disposed at any position appro-
priate for measuring the external temperature. According
to an embodiment of the disclosure, the temperature
measured by the temperature sensor 119 may be con-
tinuously transferred to the controller 420 described be-
low.

[0033] According to an embodiment of the disclosure,
the input unit 117 may receive various inputs/commands
from the user. According to an embodiment of the dis-
closure, the input unit 117 may receive a selection for
the operation mode of the dryer 100, e.g., an anti-freeze
mode or a dry mode, from the user According to an em-
bodiment of the disclosure, the inputunit 117 may receive
an operation start and/or stop command according to the
selected mode, from the user.

[0034] According to various embodiments of the dis-
closure, the communication unit 410 may support com-
munication with various types of external devices, e.g.,
a predesignated UE or external data server through an
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external communication network according to various
types of wired/wireless communication protocols. Ac-
cording to an embodiment of the disclosure, the commu-
nication unit 410 may support any short-range wireless
communication protocol such as Bluetooth, wireless LAN
(WLAN), Zigbee, or Z-wave. According to an embodi-
ment of the disclosure, the communication unit 410 may
support any communication protocol such as TCP/IP,
UDP, HTTP, HTTPS, FTP, SFTP, or MQTT. According
to an embodiment of the disclosure, the communication
unit 410 may also support any wireless communication
protocol such as GSM, CDMA, WCDMA, WiMAX, LTE,
LTE-A, 5G, or 6G. According to an embodiment of the
disclosure, the communication unit 410 may receive in-
formation about the temperature change related to the
location of the condensing clothes dryer 100 from an ex-
ternal data server according to any wired or wireless com-
munication protocol. According to an embodiment of the
disclosure, the communication unit 410 may transmit a
message indicating that a freezing risk has occurred to
an external UE according to any wired or wireless com-
munication protocol. According to an embodiment of the
disclosure, the communication unit 410 may receive an
operation command according to the anti-freeze mode
from the external UE according to any wired or wireless
communication protocol.

[0035] According to various embodiments of the dis-
closure, the driving motor 131 may rotate clockwise
and/or counterclockwise according to the control signal
from the controller 420 to be described below. According
to an embodiment of the disclosure, as described above
in connection with FIG. 1, the rotation of the driving motor
131 may rotate the drum 120 through the driving pulley
132 and the belt 133 of the drum driver 130. According
to an embodiment of the disclosure, the driving motor
131 may also be connected to the blower fan 141 to rotate
the blower fan 141, but the disclosure is not limited there-
to.

[0036] According to various embodiments of the dis-
closure, the compressor 156 may operate according to
a predetermined operating frequency under the control
of the controller 420 to be described below. According to
various embodiments of the disclosure, the compressor
156 may compress the gaseous refrigerant into a high-
temperature and high-pressure state and then discharge
it. According to various embodiments of the disclosure,
as the operating frequency of the compressor 156 in-
creases, the temperature of the refrigerant discharged
from the compressor 156 may increase. According to var-
ious embodiments of the disclosure, the temperature of
the refrigerant discharged from the compressor 156 may
be measured by the refrigerant temperature sensor 159.
According to an embodiment of the disclosure, as is de-
scribed below, when the clothes dryer 100 operates in
the anti-freeze mode, the controller 420 may adjust the
operation frequency of the compressor 156 considering
the measured value of the refrigeranttemperature sensor
159.
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[0037] According to an embodiment of the disclosure,
as described above with reference to FIG. 1, the heater
146 may be disposed on the rear duct 145 of the air cir-
culation flow passage 140 to heat air to be supplied into
the drum 120. According to an embodiment of the dis-
closure, as described above with reference to FIG. 1, the
heater 146 may be disposed on a downstream side of
the heatpump system 150 (e.g., downstream of the evap-
orator 154 and the condenser 152 on the rear duct 145)
on the rear duct 145, but the disclosure is not limited
thereto. According to an embodiment of the disclosure,
the heater 146 may include one or more coil heaters, and
may control the temperature of air supplied into the drum
120 by on/off control of the heater. According to an em-
bodiment of the disclosure, as described above, when
the clothes dryer 100 operates in the anti-freeze mode,
the on/off control of the heater 146 may be performed
according to the measured value of the refrigerant tem-
perature sensor 159.

[0038] According to various embodiments of the dis-
closure, the controller 420 may monitor a temperature
value (ambient temperature) related to the condensing
clothes dryer 100 and continuously determine whether
there is a risk of freezing. According to an embodiment
of the disclosure, the controller 420 may continuously
obtain the temperature measured by, e.g., the tempera-
ture sensor 119 and/or the related temperature from an
external data server (e.g., the weather server) through
the communication unit410, and may determine whether
the obtained temperature meets a freezing risk require-
ment. According to an embodiment of the disclosure, the
controller 420 may continuously monitor and determine
whether the obtained temperature remains less than or
equal to a threshold for a predetermined time or more.
According to an embodiment of the disclosure, when it
is determined that the freezing risk requirement is met,
the controller 420 may generate a message indicating
the determination. According to an embodiment of the
disclosure, the controller 420 may transmit a message
indicating the freezing risk to the display 118. According
to an embodiment of the disclosure, the controller 420
may transmit a message indicating the freezing risk to a
predetermined external UE through the communication
unit 410.

[0039] According to various embodiments of the dis-
closure, the controller 420 may receive, from the above-
described input unit 117, various inputs or commands
from the user, received on the input unit 117. According
to an embodiment of the disclosure, the controller 420
may also receive various inputs or commands transmit-
ted from the external UE through the communication unit
410 described above. According to an embodiment of
the disclosure, the controller 420 may receive selection
of the anti-freeze mode by the user from the input unit
117 or the communication unit 410. According to an em-
bodiment of the disclosure, the controller 420 may re-
ceive an operation start and/or stop command from the
user through the input unit 117 or the communication unit
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410.

[0040] According to an embodiment of the disclosure,
upon receiving the selection of the anti-freeze mode and
the operation start command through the input unit 117
or the communication unit 410, the controller 420 may
start the operation according to the anti-freeze mode.
According to an embodiment of the disclosure, the con-
troller 420 may obtain, e.g., various control information
to be used when operating in the anti-freeze mode from
the control table 430, e.g., operation specifications for
each condition of the compressor 156 and/or the heater
146. According to an embodiment of the disclosure, the
controller 420 may continuously receive and monitor the
temperature measurement value of the refrigerant dis-
charged by the compressor 156 from the refrigerant tem-
perature sensor 159 after the operation in the anti-freeze
mode is started. According to an embodiment of the dis-
closure, the controller 420 may control the operation of
the driving motor 131, the compressor 156, and/or the
heater 146 based on the control information obtained
from the control table 430 and the refrigerant temperature
obtained from the refrigerant temperature sensor 159,
thereby performing the operation in the anti-freeze mode.
[0041] FIG. 5 is a flowchart schematically illustrating
an overall process in which a condensing clothes dryer
100 predicts a risk of freezing and performs an operation
corresponding thereto under the control of the controller
420 of FIG. 4 according to an embodiment of the disclo-
sure.

[0042] First, in step 502, the control unit 420 may de-
termine whether the freezing risk requirement is met. Ac-
cording to an embodiment of the disclosure, the controller
420 may obtain the temperature value continuously
measured from the temperature sensor 119, and deter-
mine whether the freezing risk requirement is met by
comparing the received temperature value with a refer-
ence value. According to an embodiment of the disclo-
sure, the controller 420 may determine whether the freez-
ing risk requirement is met by continuously obtaining the
temperature value from the outside (e.g., an external data
server) through the communication unit 410 and com-
paring the received temperature value with the reference
value. According to an embodiment of the disclosure,
when the temperature obtained over a predetermined
time (e.g., 10 seconds or more) remains less than or
equal to the reference value (e.g., 2 degrees Celsius), it
may be determined that the freezing risk requirement is
met, but the disclosure is not limited thereto.

[0043] Whenitis determinedin step 502 that the freez-
ing risk requirement is met, the procedure may proceed
to step 504. In step 504, the controller 420 may generate
a message indicating that a freezing risk has occurred
and inquiring about whether to perform an operation in
the anti-freeze mode. According to an embodiment of the
disclosure, the controller 420 may control to display the
generated message through the display 118. According
to another embodiment of the disclosure, the controller
420 may transmit the generated message to a pre-reg-
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istered UE through the communication unit 430.

[0044] In this regard, FIG. 6 illustrates an example of
a message displayed on the display 118 or the UE when
afreezing risk prediction message generated by the con-
troller 420 of FIG. 4 is provided to the display 118 or the
UE (not shown). Referring to FIG. 6, on the left side is
shown a graph 602 indicating temperature changes over
time around the condensing clothes dryer 100, and at
the top of the graph 602 is shown a message 604 indi-
cating that there is a freezing risk. Further, on the right
side of FIG. 6, a guide 606 for a method of operating the
condensing clothes dryer 100 in the anti-freeze mode is
shown at an upper end. As illustrated, for example, a
guide is displayed to power on and enter the function
menu to select anti-freeze. FIG. 6 illustrates a method in
which the clothes dryer 100 itself starts an operation in
the anti-freeze mode through the input unit 117, but the
disclosure is not limited thereto. According to another
embodiment of the disclosure, the guide provided
through the display 118 of the condensing clothes dryer
100 may include a method for entering the anti-freeze
mode operation through manipulation of the input unit
117 of the condensing clothes dryer 100 as in the guide
606 of FIG. 6 or, alternatively, the guide provided through
the UE may include a method for remote control com-
mand input to allow the dryer 100 to enter the anti-freeze
mode operation by inputting a remote control command
on the UE, but the disclosure is not limited to a specific
case. Meanwhile, a brief guide 608 for the operation per-
formed when the operation according to the anti-freezing
mode is started is displayed at the lower right of FIG. 6.
As illustrated, there is provided a guide indicating that
the operation for a predetermined time (B minutes) and
the stop for a predetermined time (C minutes) are repeat-
ed 16 hours and are then released, but this is merely an
example, and the disclosure is not limited thereto. Ac-
cording to an embodiment of the disclosure, the operation
time of B minutes may be shorter than the stop time of
C minutes, but the disclosure is not limited thereto. The
examples shown in FIG. 6 are merely examples, and the
disclosure is not limited thereto.

[0045] Meanwhile, although not illustrated in FIG. 6,
according to an embodiment of the disclosure, in provid-
ing the guide on the method for operating in the anti-
freeze mode, a phrase guiding to empty the drum 120
before start may be provided together. According to an
embodiment of the disclosure, in the condensing clothes
dryer 100, when the operation in the anti-freeze mode is
performed with the drying item present in the drum 120,
and the water sensor is detected (unlike in the typical
case of entering the drain check mode when the dry mode
is performed), a message indicating to remove the drying
item from the drum 120 may be provided to the UE
through the display 118 or the communication unit 410,
but the disclosure is not limited thereto.

[0046] Referring back to FIG. 5, in step 506, the con-
troller 420 may determine whether a command for start-
ing the operation in the anti-freeze mode (e.g., selection
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of the anti-freeze mode and operation start command) is
received from the user. According to an embodiment of
the disclosure, the selection of the anti-freeze mode and
the operation start command may be received from the
user through the input unit 117 of the housing 110. Ac-
cording to another embodiment of the disclosure, the se-
lection of the anti-freeze mode and the operation start
command from the user may be received from the UE
through the communication unit 410. Typically, it may be
required in many cases that remote control is set to be
enabled on the dryer to control the operation of the
clothes dryer according to remote control. According to
an embodiment of the disclosure, in the case of the se-
lection of the anti-freeze mode and the operation start
command, remote control from the UE may be allowed
regardless of whether remote control is set to be enabled
on the clothes dryer 100, but the disclosure is not limited
thereto. When it is determined that the operation start
command in the anti-freeze mode is received from the
user in step 506, the procedure proceeds to operation
508, and the controller 420 may operate each component
of the dryer 100, e.g., the driving motor 131, the heat
pump system 150, and/or the heater 146 to perform the
operation in the anti-freeze mode.

[0047] FIG. 7 is a flowchart illustrating in more detail a
process of performing an operation in an anti-freeze
mode under the control of the controller 420 in step 508
of FIG. 5.

[0048] If the operation in the anti-freeze mode starts,
in step 702, the controller 420 may enter the compressor
operation preparation step to start driving the driving mo-
tor 131 and may wait a predetermined time period (e.g.,
A minutes). During the time, the blower fan 141 may be
driven by the driving of the driving motor 131, and the
subsequent operations may be prepared with the com-
pressor 156 (and heater 146) of the heat pump system
150 stopped. In step 704, it is determined whether a pre-
determined time period (e.g., A minutes) elapses and,
when the predetermined time elapses, the procedure
proceeds to step 706, starting the heating operation step.
[0049] In step 706, the controller 420 may first identify
the external temperature. According to an embodiment
of the disclosure, the controller 420 may identify the ex-
ternal temperature at the time from, e.g., the above-de-
scribed temperature sensor 119. According to another
embodiment of the disclosure, the controller 420 may
identify the external temperature at the time by the tem-
perature measured by another temperature sensor (e.g.,
the drum discharge temperature sensor 127) installed on
the clothes dryer 100.

[0050] Then, instep 708, the controller 420 may obtain
the compressor operation specifications and the heater
operation specifications from the control table 430 based
on the temperature identified in step 706. Although not
shown, according to an embodiment of the disclosure, in
the control table 430, a plurality of sections for the exter-
nal temperature may be divided and, for each section,
an initial operation frequency and/or discharge refriger-
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ant target temperature for the compressor 156 may be
defined. According to an embodiment of the disclosure,
the lower the temperature, the higher the initial operation
frequency of the compressor 156 and the discharge re-
frigerant target temperature may be defined, but the dis-
closure is not limited thereto. Although not shown, ac-
cording to an embodiment of the disclosure, in the control
table 430, a plurality of sections for the external temper-
ature may be divided and, for each section, turn-on and
turn-off conditions for the heater 146 (e.g., a refrigerant
discharge temperature condition for turning on the heater
146 and a refrigerant discharge temperature condition
for turning off the heater 146) may be defined. According
to an embodiment of the disclosure, the turn-off condition
of the heater 146 may be set to be constant regardless
of the section to which the external temperature belongs,
and the turn-on condition may be defined as a higher
temperature as the temperature decreases, but the dis-
closure is not limited thereto. According to an embodi-
ment of the disclosure, the controller 420 may obtain,
from the control table 430, the initial operation frequency
of the compressor 156 and/or the discharged refrigerant
target temperature defined corresponding to the section
to which the external temperature identified in step 706
belongs, as the compressor operation specification. Ac-
cording to an embodiment of the disclosure, the controller
420 may obtain, from the control table 430, a condition
for turning on and off the heater 456 defined correspond-
ing to the section to which the external temperature iden-
tified in step 706 belongs, as the heater operation spec-
ification.

[0051] Then,instep710,the controller420 may control
each of the compressor 156 and the heater 146 to be
driven for a predetermined time period (e.g., B minutes),
based on the compressor operation specification and the
heater operation specification obtained in step 708. Ac-
cording to an embodiment of the disclosure, the controller
420 may control the compressor 156 to start operation
according to the compressor operation specification ob-
tained in step 708, e.g., at the obtained initial operation
frequency and, after the temperature of the refrigerant
discharged from the compressor 156 reaches the dis-
charged refrigerant target temperature, control the com-
pressor 156 to operate while adjusting the operation fre-
quency of the compressor 156 to maintain the tempera-
ture. Accordingly, according to an embodiment of the dis-
closure, each heating operation step may have a first
section where the compressor 156 is driven at the initial
operation frequency of the compressor operation speci-
fication and a second section where, after the refrigerant
discharge temperature increases to the target as a result
of the driving in the first section, the compressor 156 is
driven at a frequency adjusted to maintain the increased
temperature. According to an embodiment of the disclo-
sure, the controller 420 may turn on, e.g., the heater 146
according to the heater operation specification obtained
in step 708 and may then control the operation of the
heater 146 in such a manner as to, if the temperature of
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the refrigerant discharged from the compressor 156
reaches the obtained turn-off condition, turn off the heater
146 and, if reaching the turn-on condition, turn on the
heater 146. According to an embodiment of the disclo-
sure, the heater 146 may be continuously controlled to
turn on/off according to temperature changes while the
heating operation step lasts.

[0052] In step 712, it is determined whether the set
time period (e.g., B minutes) elapses and, if so, the pro-
cedure may proceed to step 714, entering the heating
stop step. In step 714, the controller 420 may wait for a
predetermined time period (e.g., C minutes) with all of
the driving motor 131, the compressor 156, and the heat-
er 146 stopped. In step 716, it is determined whether the
predetermined time period (e.g., C minutes) elapses and,
if so, the procedure may proceed to step 718. According
to an embodiment of the disclosure, as is described be-
low, the heating operation step of step 706 to step 712
and the heating stop step of step 714 to step 716 may
be repeated multiple times (e.g., D times), and only in
the final round, the duration of the heating stop step may
be set to be slightly shorter (e.g., C-3 minutes) than that
in the other heating stop steps, but the disclosure is not
limited thereto.

[0053] In step 718, it may be determined whether the
heating operation step of step 706 to step 712 and the
heating stop step of step 714 to step 716 are repeated a
predetermined number of times (e.g., D times). In step
718, if it is determined that the steps are not repeated
the predetermined number of times, the procedure may
return to step 706. In step 718, if it is determined that the
steps are repeated the predetermined number of times,
the procedure may proceed to step 720, entering the
cooling step for a predetermined time period (e.g., E min-
utes). In the cooling step 720, the controller 420 may cool
the internal components of the dryer 100 by driving only
the driving motor 131 (and resultant driving of the blower
fan) for a predetermined time with the compressor 156
and the heater 146 stopped.

[0054] In the disclosure, in connection with FIG. 7, itis
illustrated that the heating operation step is performed
over step 706 to step 712. In other words, in the disclo-
sure, it is described that after the compressor operation
preparation step of step 702 to step 704 is terminated,
in each round of entering the heating operation step, the
controller 420 identifies (step 706) the external temper-
ature, obtains (step 708) the corresponding operation
specifications, and controls the driving (steps 710to 712)
of the compressor 156 and the heater 146 for a prede-
termined time according to the obtained specifications.
However, the disclosure is not limited thereto. According
to another embodiment of the disclosure, the identifying
of the external temperature and the obtaining of the op-
eration specifications corresponding thereto may be per-
formed only once in an initial time (e.g., before or after
the compressor operation preparation step (steps 702 to
704)) of the overall process of performing the operation
in the anti-freeze mode. For example, according to an-
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other embodiment of the disclosure, the heating opera-
tion step may be defined as including only the above-
described steps 710 and 712 and, after step 718 (when
the operation is not completed a predetermined number
of times), the procedure may return to step 710 rather
than going to step 706, but the disclosure is not limited
to a specific form.

[0055] FIG. 8illustrates atime table showing each step
of a process of performing an operation in an anti-freeze
mode according to FIG. 7.

[0056] As illustrated in FIG. 8, after the operation is
started at time TO, the compressor operation preparation
step (e.g., driving only the driving motor 131) may be
performed for A minutes (e.g., 2 minutes). Then, at time
T1(TO+A minutes), afirst heating step may be performed.
Asiillustrated, the first heating step may include a heating
operation step for B minutes (e.g., driving the driving mo-
tor 131, the compressor 156, and the heater 146) and a
following heating stop step for C minutes (e.g., stopping
all of the driving motor 131, the compressor 156, and the
heater 146). Then, immediately thereafter, a second
heating step may be performed. As illustrated, the sec-
ond heating step, like the first heating step, may include
a heating operation step for B minutes and a following
heating stop step for C minutes. Referring to FIG. 8, the
heating step may be repeated D times, and as described
above with reference to FIG. 7, only the heating stop step
of the final, D-th heating step may be performed for a
shorter time of C-3 minutes. Then, the heating step is
finished, and a cooling step for E minutes (e.g., 1 minute)
may be performed at time T2 (TO + A minutes + ((B min-
utes + C minutes) * D times -3 minutes).

[0057] FIG. 9 is a view illustrating changes in power
consumption over time when an operation in an anti-
freeze mode is performed on a condensing clothes dryer
100 according to an embodiment of the disclosure. FIG.
9 shows a change in power consumption when, e.g., the
heating step of the anti-freeze mode is repeated eight
times, but the disclosure is not limited thereto. As illus-
trated in FIG. 9, it may be identified that the power con-
sumption changes in a similar pattern for each heating
step. Asiillustrated, e.g., in an initial time of each heating
step (specifically, in an initial time of the heating operation
step), the driving motor 131, the compressor 156, and
the heater 146 are all driven, and thus it may be identified
that the power consumption is relatively high. It may be
identified that after the refrigerant discharge temperature
reaches a predetermined temperature so that the oper-
ation frequency of the compressor 156 is adjusted and/or
the heater 146 is turned off, in the remaining heating op-
eration step, the power consumption is relatively re-
duced, and in the following heating stop step, the driving
motor 131, the compressor 156, and the heater 146 all
are stopped so thatthe power consumption drops to zero.
As illustrated in FIG. 9, after all eight heating steps are
performed, it may be identified that the procedure is ter-
minated after slight power consumption occurs due to
driving of the driving motor 131 during the last cooling
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step. As shown in FIG. 9, for example, since no power
consumption occurs during the heating stop step, the to-
tal power consumption according to the operation in the
anti-freeze mode for preventing the condensing clothes
dryer 100 from freezing may not be excessively in-
creased.

[0058] FIG. 10 is a view schematically illustrating
changes, over time, in temperature of each component
of a condensing clothes dryer 100 in an initial time when
an operation in an anti-freeze mode is performed on a
condensing clothes dryer 100 according to an embodi-
ment of the disclosure. Specifically, FIG. 10 shows ex-
ample temperature changes over time in each compo-
nentof the clothes dryer 100, specifically inside the dryer,
at the bottom of the pump chamber, and in the pump
chamber, in relation to performing the operation in the
anti-freeze mode.

[0059] Asillustratedin FIG. 10, if the heating operation
step in the anti-freeze mode is started at time T1, it may
be identified that the temperature inside of the dryer, at
the bottom of the pump chamber, and in the pump cham-
ber all rises rapidly. Then, it may be identified that after
reaching a predetermined temperature, the temperature
gently decreases, and if the next heating operation step
is started, the temperature inside of the dryer, at the bot-
tom of the pump chamber, and in the pump chamber all
rises rapidly. As illustrated in FIG. 10, while the operation
in the anti-freeze mode is performed, the temperature of
each component of the clothes dryer 100 may be main-
tained to be higher than the temperature at which freezing
may occur continuously while repeatedly rising and fall-
ing.

[0060] FIG. 11 is a view schematically illustrating
changes, over time, in temperature of each component
of a clothes dryer in an initial time of operation when an
operation in an anti-freeze mode according to an embod-
iment of the disclosure is performed through driving of a
heater and a compressor of a heat pump system (hybrid
type) and when the operation in the anti-freeze mode is
performed by driving only the compressor of the heat
pump system (heat pump type). FIG. 11(a) illustrates ex-
ample temperature changes in each component of the
clothes dryer 100, specifically, inside the dryer, at the
bottom of the pump chamber, and in the pump chamber,
in the hybrid type, i.e., when the heater and the compres-
sor of the heat pump system are used together. FIG.
11(b) illustrates example temperature changes in each
component of the clothes dryer 100, specifically, inside
the dryer, at the bottom of the pump chamber, and in the
pump chamber, in the heat pump type, i.e., when only
the compressor of the heat pump system is used without
the heater. Comparison between (a) and (b) of FIG. 11
reveals that in the hybrid type, the temperature of each
component of the dryer rises faster. Accordingly, use of
both the heat pump system and the heater as shown in
FIG. 11(a) when performing the operation in the anti-
freeze mode may reduce the duration of the heating op-
eration step and accordingly minimize noise and create
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a pleasant living environment as compared with FIG.
11(b).

[0061] The terms as used herein are provided merely
to describe some embodiments thereof, but are not in-
tended to limitthe disclosure. As used herein, the singular
forms"a," "an," and "the" are intended to include the plural
forms as well, unless the context clearly indicates other-
wise. As used herein, each of such phrases as "A or B,"
"at least one of A and B," "at least one of A or B," "A, B,
or C," "at least one of A, B, and C," and "at least one of
A, B, or C," may include all possible combinations of the
items enumerated togetherin a corresponding one of the
phrases. As used herein, the term ’and/or’ should be un-
derstood as encompassing any and all possible combi-
nations by one or more of the enumerated items. As used
herein, the terms "include," "have," and "comprise" are
used merely to designate the presence of the feature,
component, part, or a combination thereof described
herein, but use of the term does not exclude the likelihood
of presence or adding one or more other features, com-
ponents, parts, or combinations thereof. As used herein,
the terms "first" and "second" may modify various com-
ponents regardless of importance and/or order and are
used to distinguish a component from another without
limiting the components.

[0062] As used herein, the terms "configured to" may
be interchangeably used with the terms "suitable for,"
"having the capacity to," "designed to," "adapted to,"
"made to," or "capable of" depending on circumstances.
The term "configured to" does not essentially mean "spe-
cifically designed in hardware to." Rather, the term "con-
figured to" may mean that a device can perform an op-
eration together with another device or parts. For exam-
ple, a ‘device configured (or set) to perform A, B, and C’
may be a dedicated device to perform the corresponding
operation or may mean a general-purpose device capa-
ble of various operations including the corresponding op-
eration.

[0063] Asused herein, the term "part" or "module"” may
include a unit implemented in hardware, software, or
firmware, and may interchangeably be used with other
terms, for example, "logic," "logic block," "part," or "cir-
cuitry". A part or module may be a single integral com-
ponent, or a minimum unit or part thereof, adapted to
perform one or more functions. For example, according
toan embodiment, ‘part’ or 'module’ may be implemented
in a form of an application-specific integrated circuit
(ASIC).

[0064] According to various embodiments, each com-
ponent (e.g., a module or a program) of the above-de-
scribed components may include a single entity or mul-
tiple entities. Some of the plurality of entities may be sep-
arately disposed in different components. According to
various embodiments, one or more of the above-de-
scribed components may be omitted, or one or more oth-
er components may be added. Alternatively or addition-
ally, a plurality of components (e.g., modules or pro-
grams) may be integrated into a single component. In
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such a case, according to various embodiments, the in-
tegrated component may still perform one or more func-
tions of each of the plurality of components in the same
orsimilar manner as they are performed by a correspond-
ing one of the plurality of components before the integra-
tion. According to various embodiments, operations per-
formed by the module, the program, or another compo-
nent may be carried out sequentially, in parallel, repeat-
edly, or heuristically, or one or more of the operations
may be executed in a different order or omitted, or one
or more other operations may be added.

[0065] Inthe disclosure, the above-described descrip-
tion has been made mainly of specific embodiments, but
the disclosure is not limited to such specific embodi-
ments, but should rather be appreciated as covering all
various modifications, equivalents, and/or substitutes of
various embodiments.

Claims
1. A clothes dryer, comprising:

a temperature acquisition unit configured to ob-
tain a temperature value;

adrum configured to accommodate an object to
be dried;

a flow passage configured to guide air dis-
charged from an inside of the drum to an outside
of the drum, and then to be introduced back into
the inside of the drum;

a heat pump system configured to heat the air
that is to be introduced back into the inside of
the drum, the heat pump system including a
compressor, a condenser, an expansion valve,
and an evaporator through which a refrigerant
circulates; and

a controller configured to, in response to receiv-
ing a command from a user for an anti-freeze
mode operation, control the clothes dryer to re-
peatedly perform a heating operation for a plu-
rality of times, wherein in the heating operation,
after the compressor is driven for a first period
of time, the compressor is stopped for a second
period of time.

2. The clothes dryer of claim 1, further comprising:

a control table including operation frequencies
for the compressor, the operation frequencies
being defined for respective temperatures, in re-
lation to the anti-freeze mode operation,
wherein the controller is configured to, in re-
sponse to receiving the command for the anti-
freeze mode operation, obtain a corresponding
operation frequency among the operation fre-
quencies from the control table based on the
obtained temperature value, and

10

15

20

25

30

35

40

45

50

55

13

the driving of the compressor for the first period
of time includes driving the compressor accord-
ing to the obtained corresponding operation fre-
quency.

3. The clothes dryer of claim 2, further comprising:

a refrigerant temperature sensor configured to
obtain a temperature of refrigerant discharged
from the compressor,

wherein the control table includes target tem-
peratures for the refrigerant, the target temper-
atures being defined for the respective temper-
atures, and

the driving of the compressor for the first period
of time includes:

driving the compressor according to the ob-
tained operation frequency until the ob-
tained temperature of the refrigerant reach-
es a corresponding target temperature
among the target temperatures, and

after the obtained temperature of the refrig-
erant reaches the corresponding target
temperature, driving the compressor ac-
cording to an adjusted operation frequency
so that the obtained temperature of the re-
frigerant remains at the corresponding tar-
get temperature.

4. The clothes dryer of claim 1, further comprising:

a heater installed on the flow passage; and

a control table including turn-on/off conditions
for the heater, the turn-on/off conditions being
defined for respective temperatures, in relation
to the anti-freeze mode operation,

wherein the controller is configured to:

in response to receiving the command for
the anti-freeze mode operation, obtain a
corresponding turn-on/off condition among
the turn-on/off conditions for the heater from
the control table based on the obtained tem-
perature value, and

repeatedly turn on/off the heater according
to the obtained corresponding turn-on/off
condition while the compressor is driven for
the first period of time.

5. The clothes dryer of claim 4, further comprising:

a refrigerant temperature sensor configured to
obtain a temperature of refrigerant discharged
from the compressor,

wherein the corresponding turn-on/off condition
for the heater is determined based on the ob-
tained temperature of the refrigerant.
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The clothes dryer of claim 1, wherein
the first period of time is shorter than the second
period of time.

The clothes dryer of claim 1, wherein

the controller is configured to, in response to receiv-
ing the command for the anti-freeze mode operation,
control the clothes dryer to perform a preparatory
operation of waiting for a predetermined time with
the compressor turned off before starting the heating
operation.

The clothes dryer of claim 7, further comprising:

a blower fan configured to cause air to move in
the flow passage,

wherein the controller is configured to control
the blower fan to be driven while the preparatory
operation is performed.

The clothes dryer of claim 1, further comprising a
blower fan configured to cause air to move in the
flow passage,

wherein the controller is configured to control the
blower fan to be driven with the compressor and a
heater turned off for a predetermined time after the
heating operation is performed the plurality of times.

The clothes dryer of claim 1, wherein the controller
is configured to:

monitor the obtained temperature value and,
upon determining that there is a risk of freezing
as a result of the monitoring, generate a mes-
sage indicating the risk of freezing.

The clothes dryer of claim 10, wherein

the temperature acquisition unitincludes at least one
of atemperature sensorinstalled on the clothes dryer
and a communication unit configured to obtain the
temperature value from an external server through
a communication network.

The clothes dryer of claim 10, wherein
the message includes an inquiry as to whether to
perform the anti-freeze mode operation.

The clothes dryer of claim 10, further comprising:

adisplay configured to output information for the
user; and

an input unit configured to receive an input from
the user,

wherein the controller is configured to

control the message to be displayed
through the display, and
receive the command from the user for the
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anti-freeze mode operation through the in-
put unit in response to the display of the
message.

14. The clothes dryer of claim 10, further comprising:

a communication unit configured to communi-
cate with a pre-registered user equipment (UE)
through a communication network,

wherein the controller is configured to:

control the message to be transmitted to the
UE through the communication unit, and
receive the command for the anti-freeze
mode operation from the UE through the
communication unit.

15. A method for performing an anti-freeze operation in

a clothes dryer, the clothes dryer including a tem-
perature sensor, a drum, a blower fan configured to
cause air to move inside and outside the drum, a
motor configured to rotate the blower fan, a heat
pump including a compressor, and a heater config-
ured to heat the air that is introduced into the drum,
the method comprising:

repeating a heating operation for a plurality of
times, the heating operation including: driving
the motor, the compressor, and the heater for a
first period time based on an operation specifi-
cation determined according to a temperature
measured by the temperature sensor, stopping
the motor, the compressor, and the heater for a
second period of time; and

performing a cooling operation in which the mo-
tor is driven for a third period of time with the
compressor and the heater stopped.
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FIG.3
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