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(57) Abstract: Disclosed is a clothes dryer having a 
heat pump, the clothes dryer capable of enhancing 
energy efficiency by recovering waste heat to the 
maximum in correspondence to a capacity of the 
heat pump, capable of enhancing reliability by pre
venting overheating of a compressor and a heat ex
change means, and capable of shortening drying 
time. The clothes dryer includes a body, a tub rotat
ably installed in the body, a suction duct installed at 
Hie body, and configured to suck external air and to 
supply the external air into tbe tub, an exhaustion 
duct configured to exhaust air having passed through 
the tub to outside of the body, and a heat pump hav
ing a heat exchange means for recovering waste heat 
by heat-exchanging air passing through the exhaus
tion duct, wherein part of the air exhausted via the 
exhaustion duct is heat-exchanged with the heat ex
change means of the heat pump.
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Title of Invention : CLOTHES DRYER
Technical Field

This specification relates to a clothes dryer, and a method for operating a clothes dryer, 
e.g., to a clothes dryer having a heat pump and heat exchange means, the clothes dryer capable

5 of enhancing energy efficiency by recovering waste heat to the maximum in correspondence to 

a capacity of the heat pump, capable of enhancing reliability by preventing overheating of a 

compressor and the heat exchanging means, and capable of shortening drying time.

Background
10 Generally, a clothes dryer serves to dry laundry by introducing the laundry having been

completely washed and dehydrated into a tub (drum), and by supplying hot air into the tub so 

as to evaporate moisture of the laundry.

The hot air supplied into the tub is discharged out with the moisture of the laundry. 

This high-temperature and humid air may be processed in various manners. According to a

15 method for processing the high-temperature and humid air, the clothes dryer may be classified.

More concretely, the clothes dryer may be classified into a condensation type clothes 

dyer for condensing moisture included in air by cooling humid air, by making high- 

temperature and humid air heat-exchanged at a heat exchanger inside the clothes dryer, 

through circulation without exhaustion to the outside, and an exhaustion type clothes dryer for

20 exhausting high-temperature humid air passing through a drum to the outside.

This clothes dryer will be explained in brief with taking the exhaustion type as an

example. FIG. 1 is a schematic view of an exhaustion type clothes dryer in accordance with 

the conventional art. The clothes dryer comprises a body 1 having a door 2 on a front surface 

thereof, a tub 3 rotatably installed in the body 1 and having a plurality of lifters 4 protruding

2 5 from an inner circumferential surface thereof, driving means configured to provide a rotational

force to the tub 3, a heater 5 configured to generate hot air by heating sucked external air to a 

high temperature, a suction duct 7 communicated with a rear side of the tub 3 and configured 

to guide the hot air generated by the heater 5 to an inner side of the tub 3, a lint duct 8 

communicated with a front side of the tub 3 and configured to guide humid air exhausted after

30 a drying operation to an exhaustion duct 15, and a blower 13 installed at a rear side of the lint 

duct 8 and configured to generate a blowing force. At an entrance of the lint duct 8, installed is
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a filter 14 configured to filter foreign materials such as dust or naps from air discharged from 

the tub 3.

The driving means for rotating the tub 3 consists of a motor 10, a driving pulley 11 

coupled to the motor 10, and a driving belt 12 connected to the driving pulley 11 and

5 encompassing an outer circumferential surface of the tub 3. Once the driving pulley 11 is 

rotated by rotation of the motor 10, the driving belt 12 wound on the driving pulley 11 is 

rotated to rotate the tub 3.

A drying operation of the clothes dryer will be explained.

Firstly, an object to be dried such as laundry is introduced into the tub 3. Then, a

10 drying operation is performed to operate the heater 5 and the motor 10 and to rotate the tub 3 

and the blower 13. As the blower 13 is operated, external air is sucked to be heated by the 

heater 5. Then, the heated air is forcibly introduced, through the suction duct 7, into the tub 3 

being rotated. Then, the heated air introduced into the tub 3 dries the laundry by evaporating 

moisture of the laundry, and then passes through the lint duct 8 and the exhaustion duct 15,

15 sequentially to be discharged out in a humid state.

Generally, the exhaustion type clothes dryer has advantages that the entire drying time

is shortened owing to rapid heating by the heater, and massive fabrications are possible. 

However, the exhaustion type clothes dryer has a disadvantage such as a large amount of 

energy consumption, since introduced air is heated only by the heater and then is discharged

20 out. More concretely, the amount of energy lost without being used in a drying operation in 

the tub corresponds to 30-40% of the entire energy, and the amount of energy exhausted 

through the exhaustion duct corresponds to about 80% of the entire energy. This may result in 

a great deal of wasted energy.
In order to solve this waste of energy, heat exchange means may be used to recover

25 part of waste energy. However, in this case, the heat exchange means may be overheated due

to a limitation of a capacity. Furthermore, a fan may be additionally installed so as to enhance 

heat exchange efficiency by supplying a large air volume. Especially, a compressor used in a 

heat pump serving as the heat exchange means may be overheated. In the case that the 

compressor is overheated, reliability of the dryer may be degraded, and compression

30 efficiency of a refrigerant may be degraded. This may lower the entire heat exchange 

efficiency.
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On the other hand, the condensation type clothes dryer has advantages that an 

exhaustion duct for exhausting air to the outside is not required, and energy efficiency is high. 

However, the condensation type clothes dryer has disadvantages that designing the heat 

exchange means is restricted according to a performance or a capacity since waste heat is

5 partially recovered to be used as air to be supplied into the tub, drying time is long, and 

massive fabrications are not easy. Especially, in the case of drying time, it takes more about 

three times than in the exhaustion type clothes dryer.

It is desired to address or ameliorate one or more disadvantages or limitations 

associated with the prior art, or to at least provide a useful alternative.

10

Summary
In accordance with the present invention there is provided a clothes dryer, comprising: 

a body;

a tub rotatably installed in the body;

15 a suction duct installed at the body, and configured to suck external air and to supply

the external air into the tub;

an exhaustion duct configured to exhaust at least part of the air having passed through 

the tub to outside of the body;

a heat pump having a heat exchange means for recovering waste heat by heat- 

20 exchanging part of the air passing through the exhaustion duct; and

a circulation duct diverged from the exhaustion duct, and configured to re-supply part 

of air passing through the exhaustion duct into the tub through circulation,

wherein the heat pump comprises:

a second heat exchanger for cooling air, and a first heat exchanger for heating air, the 

25 heat exchangers sequentially installed on a flow path formed by the circulation duct; and

a compressor and an expander connected between the first and second heat exchangers 

by pipes,

wherein air passing through the circulation duct is heat-exchanged with the compressor 

at an upstream side of the first heat exchanger,

30 wherein the circulation duct diverged from the exhaustion duct at an upstream side of

the first heat exchanger so that waste heat may be absorbed from part of middle-temperature
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and humid air exhausted from the tub, only within the range of a capacity of the heat 

pump, and part of the rest of the middle-temperature and humid air may be exhausted to the 

outside.

5 Brief Description of Drawings
Preferred embodiments of the present invention are hereinafter described, by way of 

non-limiting example only, with reference to the accompanying drawings, in which:

FIG. lisa schematic view of a clothes dryer in accordance with the conventional art; 

FIG. 2 is a schematic view of a clothes dryer according to a first embodiment of the

10 present invention;

FIG. 3 is a schematic view of a heat pump of the clothes dryer according to a first 

embodiment of the present invention;

FIG. 4 is a schematic view of an air flow path of the clothes dryer according to a first 

embodiment of the present invention;

15 FIG. 5 is a graph illustrating of heat recovery of the clothes dryer according to a first

embodiment of the present invention;

FIGS. 6 and 7 are schematic views illustrating various modifications of the clothes 

dryer according to a first embodiment of the present invention;

FIG. 8 is a schematic view of a controller of the clothes dryer according to a first 

20 embodiment of the present invention;

FIGS. 9 to 11 are schematic views illustrating controlling a flow amount of air by the 

controller of FIG. 11;

FIG. 12 is a schematic view of a clothes dryer according to a second embodiment of 

the present invention;

25 FIGS. 13 and 14 are schematic views of an air flow path of the clothes dryer according
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to a second embodiment of the present invention;

FIGS. 15 and 16 are partially-enlarged perspective views of the clothes dryer according 

to a second embodiment of the present invention;

FIG. 17 is a perspective view of a compressor according to a second embodiment of 

5 the present invention;

FIG. 18 is a perspective view illustrating the inside of a clothes dryer according to a 

third embodiment of the present invention;

FIG. 19 is an enlarged perspective view of a heat pump of the clothes dryer according 

to a second embodiment of the present invention; and

10 FIG. 20 is a schematic view of a heat pipe, a heat transfer means according to a second

embodiment of the present invention.

Detailed Description
Embodiments of the present invention may provide a clothes dryer having a heat pump 

15 for shortening drying time and preventing waste of energy, the clothes dryer capable of 

reducing the amount of wasted energy by recovering waste heat to the maximum in 

correspondence to a capacity of the heat pump, and capable of preventing an overload from

occurring on the heat pump.

Embodiments of the present invention may provide a clothes dryer capable of 

20 preventing overheating of a compressor of a heat pump, and capable of recovering waste heat

using the same.

Embodiments of the present invention may provide a clothes dryer capable of 

providing a large air volume so as to enhance efficiency of a heat pump.

Embodiments of the present invention may provide a clothes dryer capable of reducing 

25 power consumption by enhancing energy efficiency, and capable of improving reliability.

Described herein, is a clothes dryer, comprising: a body; a tub rotatably installed in the 

body; a suction duct installed at the body, and configured to suck external air and to supply the 

external air into the tub; an exhaustion duct configured to exhaust air having passed through 

the tub to outside of the body; and a heat pump having a heat exchange means for recovering

3 0 waste heat by being heat-exchanged with air passing through the exhaustion duct, wherein part

of the air exhausted via the exhaustion duct is heat-exchanged with the heat exchange means
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of the heat pump.

The heat pump may include a first heat exchanger installed on a flow path of the 

suction duct, and configured to heat sucked air; a second heat exchanger installed on a flow 

path of the exhaustion duct, and configured to cool exhausted air; and a compressor and an

5 expander connected between the first and second heat exchangers by pipes, and constituting 

the heat pump, wherein part of the air exhausted via the exhaustion duct is heat-exchanged 

with the second heat exchanger.

Under the configuration of the first embodiment, waste heat may be absorbed from part 

of high-temperature and humid air exhausted from the tub, only within the range of a capacity

10 of the heat pump, and the rest of the high-temperature and humid air may be exhausted to the 

outside. This may reduce the amount of wasted energy, and prevent an overload from 

occurring on the heat pump. As a result, power consumption may be reduced, and reliability of 

the operation of the heat pump may be enhanced.

The clothes dryer may further comprise a heater disposed at a downstream side of the
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second heat exchanger of the suction duct, and configured to heat air supplied into the 
tub. The heater may be implemented so as to rapidly supply a large amount of heat 
energy into the tub, and to stably operate the heat pump.

[20] The first embodiment may have various modification examples.
[21] The exhaustion duct may be set to have a sectional area larger than that of the second 

heat exchanger. One or more flow control means may be further provided so as to 
control a flow amount on part where the sectional area of the exhaustion duct is larger 
than the sectional area of the second heat exchanger.

[22] Under this configuration, only part of exhausted air may be used to recover waste 
heat. As a result, without requiring an additional apparatus, only air passing through 
part of the exhaustion duct corresponding to a sectional surface of the second heat 
exchanger may be heat-exchanged, but air passing through the rest of the exhaustion 
duct except for the part corresponding to the sectional surface of the second heat 
exchanger may be exhausted out without being heat-exchanged.

[23] The clothes dryer may further comprise a bypass duct having one end communicated 
with an upstream side of the second heat exchanger at the exhaustion duct, and another 
end communicated with the outside of the body. The bypass duct may be provided 
with flow control means.

[24] Under this configuration, an additional duct may be provided for controlling the 
amount of air which participates in heat exchange in correspondence to the amount of 
air which can be processed by the heat pump.

[25] The clothes dryer may further comprise a controller, and the controller may control 
the flow control means such that a temperature of a refrigerant having passed through 
the second heat exchanger is within a preset range. And, the controller may determine 
a flow amount of air heat-exchange with the second heat exchanger within the range 
that the heat pump maintains a normal state.

[26] In the first embodiment, a flow amount may be more efficiently controlled to stably 
operate the heat pump. Generally, the heat pump may be influenced by an operation 
temperature of a refrigerant for absorbing and emitting heat. And, the heat pump may 
be normally operated when a refrigerant is within a preset temperature range, but may 
be abnormally operated when the refrigerant is not within the preset temperature range. 
In this embodiment, the amount of high-temperature and humid air which is to transfer 
heat to a refrigerant via an evaporator of the heat pump may be controlled by the flow 
conttol means, thereby normally operating the heat pump.

[27] According to a second embodiment of the present invention, the clothes dryer may 
further comprises a circulation duct diverged from the exhaustion duct, and configured 
to re-supply part of air passing through the exhaustion duct into the tub through cir
culation. The heat pump may include a second heat exchanger for cooling air, and a
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first heat exchanger for heating air, the heat exchangers sequentially installed on a flow 
path formed by the circulation duct; and a compressor and an expander connected 
between the first and second heat exchangers by pipes, and constituting the heat pump, 
wherein air passing through the circulation duct is heat-exchanged with the compressor 
at an upstream side of the first heat exchanger.

[28] Part of air passing through the exhaustion duct without passing through the flow path 
on the circulation duct may be exhausted to outside of the body. Under this con
figuration of the second embodiment, waste heat may be absorbed from part of high- 
temperature and humid air exhausted from the tub, only within the range of a capacity 
of the heat pump, and the rest of the high-temperature and humid air may be exhausted 
to the outside. This may reduce the amount of wasted energy, and prevent an overload 
from occurring on the heat pump. As a result, power consumption may be reduced, and 
reliability of the operation of the heat pump may be enhanced.

[29] In the second embodiment, overheating of the compressor provided on the heat 
pump, heat exchange means may be prevented, and waste heat occurring from the 
compressor may be recovered. This may reduce the amount of wasted energy, and 
prevent an overload from occurring on the heat pump. As a result, power consumption 
may be reduced, and reliability of the operation of the heat pump may be enhanced. 
Furthermore, a large air volume may be transferred to the tub through a circulation 
flow path of the circulation duct. This may enhance drying efficiency of the clothes 
dryer.

[30] The clothes dryer of the second embodiment may further comprise a heater installed 
at the suction duct, and configured to heat sucked air. Air introduced into the tub 
through the suction duct may be mixed with air supplied by the circulation duct in the 
tub.

[31] The suction duct and the circulation duct may come in contact with each other at a 
downstream side of the heater, and may be connected to the tub in a state flow paths 
thereof are separated from each other so as to prevent communication with each other. 
Alternatively, the suction duct and the circulation duct may be communicated with 
each other at a downstream side of the heater, and may be introduced into the tub with 
a mixture of air which flows on the flow paths.

[32] The second embodiment may provide various modification examples to additionally 
supply air heated by the heater when it is difficult to supply a large amount of heat 
energy, with using air heated only through the circulation duct.

[33] The compressor may be configured such that a surface thereof is exposed onto the 
flow path inside the circulation duct. Alternatively, the compressor may be positioned 
outside the circulation duet so as to perform heat exchange with air inside the cir
culation duct.
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Each of the clothes dryers according to the first and second embodiments may further 

comprise a blower provided at an upstream side of the heater.

According to a third embodiment of the present invention, each of the clothes dryers 

according to the first and second embodiments may further comprise a heat transfer means

5 installed between the compressor and air of a downstream of the first heat exchanger. The heat

transfer means may be implemented as a heat pipe.

The heat transfer means may include a first heat sink contacting the surface of the 

compressor; and a second heat sink disposed at a downstream side of the first heat exchanger, 

and having a plurality of heat transfer fins on a surface thereof. When a surface temperature of

10 the compressor is more than a preset value, the first heat sink may absorb heat from the 

compressor, and the second heat sink may emit the absorbed heat to air on a downstream side 

of the first heat exchanger. On the other hand, when the surface temperature of the compressor 

is less than the preset value, the second heat sink may absorb heat from the air on a 

downstream side of the first heat exchanger, and the first heat sink may transfer heat to the

15 compressor for preheating of the compressor.

In the third embodiment, heat transfer may be performed, through the heat transfer

means, between the compressor and the air on a downstream side of the first heat exchanger. 

This may allow recovery of waste heat to enhance energy efficiency, and prevent overheating 

of the compressor. As a result, power consumption may be reduced, and reliability of the

20 operation of the compressor may be enhanced.

In the third embodiment, waste heat may be recovered not only to heat air, but also to

preheat the compressor for a smooth operation of the compressor when the clothes dryer is 

initially operated.
Embodiments of the present invention may have the following advantages.

25 Firstly, waste heat may be absorbed from part of high-temperature and humid air

exhausted from the tub, only within the range of a capacity of the heat pump, and the rest of 

the high-temperature and humid air may be exhausted to the outside. This may reduce the 

amount of wasted energy, and prevent an overload from occurring on the heat pump. As a 

result, power consumption may be reduced, and reliability of the operation of the heat pump

30 may be enhanced.

Secondly, overheating of the compressor provided on the heat pump, heat exchange
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means may be prevented, and waste heat occurring from the compressor may be recovered. 

This may reduce the amount of wasted energy, and prevent an overload from occurring on the 

heat pump.

Thirdly, a large air volume required for a drying operation may be supplied. This may 

5 enhance drying efficiency of the clothes dryer.

Fourthly, heat transfer may be performed, through the heat transfer means, between the 

compressor and air supplied into the tub. This may allow recovery of waste heat to enhance 

energy efficiency, and prevent overheating of the compressor. As a result, power consumption 

may be reduced, and reliability of the operation of the compressor may be enhanced.

10 Fifthly, waste heat may be recovered not only to heat air, but also to preheat the

compressor for a smooth operation of the compressor when the clothes dryer is initially 

operated.

Further scope of applicability of the present application will become more apparent 

from the detailed description given hereinafter. However, it should be understood that the

15 detailed description and specific examples, while indicating preferred embodiments of the 

invention, are given by way of illustration only, since various changes and modifications 

within the spirit and scope of the invention will become apparent to those skilled in the art 

from the detailed description.

There is provided a clothes dryer, comprising: a body; a tub rotatably installed in the

20 body; a suction duct installed at the body, and configured to suck external air and to supply the

external air into the tub; an exhaustion duct configured to exhaust air having passed through 

the tub to outside of the body; and a heat pump having a heat exchange means for recovering 

waste heat by being heat-exchanged with air passing through the exhaustion duct, wherein part 

of the air exhausted via the exhaustion duct is heat-exchanged with the heat exchange means

25 of the heat pump.
Description will now be given in detail of the exemplary embodiments, with reference 

to the accompanying drawings. For the sake of brief description with reference to the 

drawings, the same or equivalent components will be provided with the same reference 

numbers, and description thereof will not be repeated.

30
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First Embodiment
Referring to FIG. 2, a clothes dryer of the present invention comprises a body 100 

which forms the appearance thereof, and a tub 110 rotatably installed in the body 100. The tub 

110 is supported so as to be rotatable by supporters (not shown) disposed at front and rear

5 sides.

At a rear side of the tub, a suction duct 120 is installed in upper and lower side 

directions of the tub by being extended from a lower portion of the body. The suction duct 120 

is installed in the body, and configured to suck external air and to supply the sucked external 

air into the tub. By the suction duct, formed are suction flow paths 201 and 202 through which

10 air sucked into the tub flows.

Air sucked through the suction duct 120 is introduced from the outside of the body. 

More specifically, external air may be introduced into the clothes dryer through an air inlet 

formed at a bottom surface or a side surface of the body. If air is sucked from the outside of 

the body, cool external air may be stably supplied. This may a heat pump to be later explained

15 to be stably operated. Furthermore, this may prevent contamination
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of a heat exchanger due to foreign materials such as lint more effectively than in a case 
where air inside the body is reused. When external air is sucked from an air inlet 
formed at a lower portion of the body, the air is sucked in a reverse direction to a grav
itational direction. Accordingly, if air flow is stopped when the clothes dryer is not 
used, foreign materials fall free thus to be naturally removed. Furthermore, a spatial 
utilization degree is enhanced since a first heat exchanger to be later explained is 
mounted in parallel to a lower portion of the body.

[67] For smooth suction, an additional blower 185 may be provided at the suction duct. 
That is, when a capacity of a heat pump to be later explained is large, a condenser, a 
first heat exchanger is required to be cooled for prevention of overheating. Here, the 
additional blower 185 is used to increase the amount of sucked air for cooling the 
condenser by being heat-exchanged with the condenser. However, when the capacity 
of the heat pump is not large, the additional blower 185 may not be required.

[68] A first heat exchanger 130 for heating sucked air is provided at the suction duct. In 
the first embodiment, the first heat exchanger 130 indicates a condenser. Inside the 
suction duct, installed is a heater 170 for heating sucked air to a high temperature 
required for a drying operation, as well as the first heat exchanger 130. The heater 170 
rapidly supplies a large amount of heat energy into the tub, and serves to supply a 
larger amount of heat energy such that the heat pump is stably operated in a normal 
state. Details of the heater 170 will be later explained.

[69] Air 203 introduced into the tub is heated by the first heat exchanger, or by the first 
heat exchanger and the heater 170, thereby being converted into high-temperature dry 
air having a temperature of about 150-250 . This air introduced into the tub in a high 
temperature state is used to dry laundry, and then is introduced into a front duct (not 
shown) disposed at a front lower portion of the tub (204). Then, the air passes through 
a lint filter (not shown) (205), and then is exhausted to the outside of the body via an 
exhaustion duct (206).

[70] The exhaustion duct 140 is provided with exhaustion flow paths 204, 205 and 206 for 
exhausting hot air discharged from the tub to the outside. These exhaustion flow paths 
204, 205 and 206 may be provided with a blower 180 for sucking air inside the tub and 
forcibly blowing the air to the outside of the clothes dryer.

[71] At the exhaustion duct, installed is a second heat exchanger 135 for cooling 
exhausted air. The second heat exchanger 135 is implemented as an evaporator.

[72] As shown in FIG. 3, the clothes dryer constitutes a heat pump by further comprising 
an expander 160 and a compressor 150 installed between the first heat exchanger 130 
and the second heat exchanger 135, respectively. That is, the first heat exchanger 130, 
the expander 160, the second heat exchanger 135 and the compressor 150 are se
quentially connected to one another by pipes, thereby constituting one heat pump.
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[73] At the heat pump, a refrigerant is heat-exchanged with middle-temperature and 
humid air discharged from the tub on the evaporator (second heat exchanger), thereby 
being converted into a gaseous state of a low temperature and a low pressure. At the 
compressor, the refrigerant is compressed to be in a gaseous state of a high temperature 
and a high pressure. At the first heat exchanger, the refrigerant is heat-exchanged with 
cold air to be introduced into the tub from the suction duct, thereby being converted 
into a liquid state of a high temperature and a high pressure. And, the refrigerant is 
expanded at the expander, thereby being converted a liquid state of a low temperature 
and a low pressure.

[74] Accordingly, the refrigerant is heat-exchanged with the middle-temperature and 
humid air discharged exhausted via the exhaustion duct, thereby absorbing waste heat. 
As a result, the air exhausted via the exhaustion duct is cooled to be exhausted to the 
outside of the body in a state of a low temperature and low humidity.

[75] As shown in FIG. 4, part of the air exhausted through the exhaustion duct 140 is 
heat-exchanged with the second heat exchanger 135. That is, only part of the air 
exhausted through the exhaustion duct 140 is heat-exchanged with the second heat 
exchanger 135, but the rest is exhausted without being heat-exehanged.

[76] As shown in the graph of FIG. 5, waste heat is absorbed by the second heat 
exchanger from part of the high-temperature and humid air discharged from the tub 
only within a capacity of the heat pump. And, part of the rest is exhausted to the 
outside. This may reduce the amount of wasted energy, and prevent an overload from 
occurring on the heat pump.

[77] More specifically, air introduced into the tub and used for a drying operation is not 
reused, but is exhausted to the outside of the clothes dryer. And, the heat pump is used 
to absorb only waste heat from the exhausted air, and to supply the absorbed waste 
heat to sucked air. Generally, only about 20% of heat energy introduced into the 
clothes dryer is used to perform a drying operation, and about 80% is not used to 
perform a drying operation. Accordingly, the waste heat is absorbed by using the heat 
pump. In this embodiment, provided are means for optimizing the heat pump so as to 
prevent the occurrence of an overload.

[78] In case of the heat pump, a refrigerant has to be heat-exchanged by a phase change in 
a proper temperature and pressure. For this, used are a heat exchanger, a compressor, 
an expander, etc. In order to recover a larger amount of heat, the heat exchanger or the 
compressor has to have a large size. However, due to a spatial restriction of a general 
clothes dryer, the size of the heat exchanger, the compressor, etc. is limited. Fur
thermore, even if the heat exchanger is large and a heat exchange area is large, drying 
efficiency may be degraded since a flow path resistance of air is increased.

[79] In the present invention, the heat pump is optimized with consideration of the size of
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the heat exchanger or the compressor, thereby recovering about 20-50% of waste heat. 
That is, only about 16~40% of the entire heat energy to be supplied is recovered by 
using the heat pump, thereby being re-supplied into sucked air.

[80] As aforementioned, inside the suction duct, installed is the heater 170 for heating 
sucked air to a high temperature required for a drying operation, as well as the first 
heat exchanger 130. This may allow heat energy to be continuously supplemented to 
sucked air. If the heat pump is optimized with consideration of the size of the heat 
exchanger or the compressor so as to recover about 20-50% of waste heat, only about 
16-40% of the entire heat energy to be supplied is recovered to be re-supplied into 
sucked air. In the present invention, drying time may be shortened since the heater 170 
is used to continuously supplement heat energy.

[81] In case of the heat pump, a refrigerant has to be heat-exchanged by a phase change in 
a proper temperature and pressure. For this, a sufficient amount of heat energy has to 
be supplied. Otherwise, a liquid compression of the refrigerant, etc. may occur. This 
may cause a cycle not to be stably operated to degrade reliability of the cycle. Ac
cordingly, it is preferable for the heater 170 to supplement heat energy to air sucked 
into the tub so that the heat pump can be stably operated in a normal state.

[82] FIG. 5 illustrates a recovery rate of waste heat according to time. Referring to FIG. 5, 
the entire heat energy to be supplied may be compared with recovered heat energy. 
After a certain time has lapsed, heat energy to be supplied is about 5000W, waste heat 
is about 4400 (not shown), and a recovered heat energy is about 15OO-18OOW. Ac
cordingly, about 30-40% of the entire waste heat is recovered. The larger the 
evaporator is, the more waste heat is recovered. However, in this case, an overload 
may occur on the heat pump, and a large space of the clothes dryer may be occupied. 
Therefore, in the present invention, the heat pump was optimized to recoverwaste heat 
only within the range of a capacity thereof. This configuration may reduce power con
sumption and may enhance reliability of the operation of the heat pump more than the 
conventional configuration.

[83] As shown in FIG. 6, the exhaustion duct 140 may have a sectional area larger than 
that of the second heat exchanger 135. Accordingly, only air passing through the 
sectional area of the exhaustion duct 140 corresponding to the sectional surface of the 
second heat exchanger participates in heat exchange, but air passing through other 
sectional areas of the exhaustion duct 140 larger than the sectional area of the second 
heat exchanger is exhausted to the outside without participating in heat exchange.

[84] Under this configuration, part of air exhausted to the outside may be recovered 
without using an additional apparatus for recovering part of air exhausted to the 
outside and exhausting the rest to the outside.

[85] The clothes dryer may further comprise one or more flow control means for con
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trolling a flow amount on part where the sectional area of the exhaustion duct is larger 
than the sectional area of the second heat exchanger. As the flow control means, a 
damper may be used. This may allow a flow amount to be controlled more effectively.

[86] More specifically, as shown in FIGS. 9 to 11, dampers 143a and 143b, the flow 
control means are provided at upper and lower sides of the second heat exchanger, re
spectively. FIG. 9 illustrates a case where all of the dampers are closed, FIG. 10 il
lustrates a case where one of the dampers is closed, and FIG. 11 illustrates a case 
where all of the dampers are open.

[87] Referring to FTG. 9, all of exhausted air passes through the second heat exchanger. 
The state of FIG. 9 may be implemented when the heat pump can sufficiently absorb 
waste heat. However, in this case, a flow path resistance on the exhaustion duct may be 
increased to prevent the entire air flow. As a result, a discharged air volume is limited 
to restrict a sucked air volume. This may reduce heat radiation of the condenser, the 
first heat exchanger for emitting heat. Furthermore, a pressure of a high pressure side 
of the heat pump may be increased, and the compressor may have lowered efficiency. 
That is, the heat pump may not be stably operated since the amount of sucked air 
which cools the condenser, a heating source is reduced. Furthermore, if the amount of 
sucked air is not sufficient, heat energy to be supplied into the tub is deficient. This 
may increase drying time and increase power consumption, thereby degrading ef
ficiency of the clothes dryer.

[88] FIG. 10 illustrates an operation to increase the amount of air exhausted to the outside 
without passing through the second heat exchanger, by partially opening the dampers, 
the flow control means when the efficiency of the clothes dryer is degraded in the state 
of FIG. 9. Referring to FIG. 10, an upper damper 143a is open but a lower damper 
143b is closed, and vice versa. When compared with the operation of FIG. 9, the 
amount of air directly exhausted to the outside without passing through the second heat 
exchanger was increased in FIG. 10. In FIG. 10, the heat pump is operated more stably 
by reducing a flow resistance on the exhaustion duct, and by increasing the amount of 
sucked air.

[89] FIG. 11 illustrates an operation to more increase the amount of air directly exhausted 
without passing through the second heat exchanger, than in the state of FIG. 10, by 
more opening the lower damper 143b. Accordingly, in FIG. 11, the heat pump is 
operated more stably, than in the state of FIG. 10, by reducing a flow resistance on the 
exhaustion duct, and by more increasing the amount of sucked air.

[90] One of the operations of FIGS. 9 to 11 is applied according to an operation state of 
the clothes dryer. For instance, when the clothes dryer is in an initial operation state, 
the heat pump is also in an initial operation state thus to absorb a larger amount of 
waste heat. Accordingly, even if a heat-exchange amount of exhausted air with the
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second heat exchanger is large, a cycle is stable. Therefore, the operation of FIG. 9 is 
preferable. However, if a large load is applied to the heat pump as operation time 
(duration) of the clothes dryer is increased, a heat-exchange amount of exhausted air 
heat-exchanged with the second heat exchanger is required to be reduced for stabi
lization of the cycle. Therefore, the operation of FIG. 10 or FIG. 11 is preferable.

[91] In this preferred embodiment, the clothes dryer is operated more stably by using the 
flow control means 143 a and 143b.

[92] In this preferred embodiment, the dampers are disposed at upper and lower sides of 
the second heat exchanger. However, the present invention is not limited to this. That 
is, the dampers may be disposed at right and left sides or right, left, upper and lower 
sides, only if the dampers are configured to control a flow amount of air passing 
through the exhaustion duet.

[93] As a modification example of the exhaustion duct, as shown in FIG. 7, the clothes 
dryer may further comprise a bypass duct 145 having one end communicated with an 
upstream side 142 of the second heat exchanger atthe exhaustion duct, and another end 
communicated with the outside of the body.

[94] The bypass duct 145 is implemented to control the amount of air which participates 
in heat exchange in correspondence to the amount of air which can be processed by the 
heat pump. Accordingly, the bypass duct 145 is provided with a flow control means 
146.

[95] The flow control means may be implemented as a damper. Generally, the damper 
refers to an apparatus for controlling a flow amount of air passing through an ex
haustion duct by being open or closed manually or by a controller.

[96] Generally, the heat pump is influenced by an operation temperature of a refrigerant 
for absorbing heat and emitting heat. Accordingly, the heat pump is normally operated 
when the refrigerant is within a predetermined temperature range, and vice versa.

[97] In this preferred embodiment, the heat pump is normally operated by controlling, by 
the flow control means, the amount of high-temperature and humid air which is to 
transfer heat to a refrigerant via the evaporator of the heat pump.

[98] In this preferred embodiment, as shown in FIG. 8, the clothes dryer may further 
comprise a controller 190. The controller 190 is configured to control the flow control 
means 143a, 143b and 146 so that a refrigerant having passed through the second heat 
exchanger can be within a predetermined temperature range. For instance, as shown in 
FIG. 8, the controller 190 is electrically connected to a sensor 136 installed at the 
evaporator and an actuator 147 for actuating the flow control means. Under this con
figuration, the controller 190 controls the sensor 136 to measure a temperature of a re
frigerant passing through the evaporator, and operates the actuator 147 in corre
spondence to the measured temperature of the refrigerant.
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[99] As aforementioned, the heat pump is generally influenced by an operation tem
perature of a refrigerant for absorbing heat and emitting heat. Accordingly, the heat 
pump is normally operated when the refrigerant is within a predetermined temperature 
range, and vice versa.

[100] In this preferred embodiment, the heat pump is normally operated by controlling, by 
the flow control means, the amount of high-temperature and humid air which is to 
transfer heat to a refrigerant via the evaporator of the heat pump. Accordingly, the 
amount of air exhausted without contacting the second heat exchanger is determined, 
by the controller, within the range thatthe heat pump maintains a normal state.

[101] Second Embodiment
[102] Hereinafter, explanations about the same configurations and components of a second 

embodiment as those of the first embodiment will be omitted.
[103] Referring to FIG. 12, a clothes dryer of the present invention comprises a body 300 

which forms the appearance thereof, and a tub 310 rotatably installed in the body 300. 
At a rear side of the tub, a suction duct 370 is installed in upper and lower side di
rections of the tub in the body. The suction duct 370 is configured to suck external air 
and to supply the sucked external air into the tub. By the suction duet, formed is a 
suction flow path through which air sucked into the tub flows. Air sucked through the 
suction duct is introduced from the outside of the body, in a separate manner from air 
supplied by a circulation duct 320 to be later explained.

[104] Inside the suction duct 370, installed is a heater 380 for heating sucked air to a high 
temperature required for a drying operation. The heater 380 rapidly supplies a 
sufficient amount of heat energy into the tub by receiving electric energy, and serves to 
supply a larger amount of heat energy such that a heat pump is stably operated in a 
normal state.

L105] Under this configuration, heat energy required for a drying operation may be suf
ficiently supplied within a short time. This may shorten drying time. That is, additional 
heat energy is supplied within a short time because sufficient heat energy cannot be 
supplied with using only air on a circulation flow path formed by a circulation duct to 
be later explained.

[106] Air introduced into the tub may be supplied by a circulation flow path formed by a 
circulation duct 320, in a separate manner from air supplied by the suction flow path. 
The circulation duct 320 is installed at the body, and re-supplies air discharged from 
the tub into the tub for circulation.

[ 107] The air introduced into the tub is used to dry laundry, and then is introduced into a 
front duct (not shown) positioned at a front lower portion of the tub. Then, the air is 
exhausted to the outside of the body via a lint filter (not shown) and an exhaustion duct 
360, sequentially. Here, part of the exhausted through the circulation duct 320 diverged
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from the exhaustion duct 360 is re-supplied into the tub. On the circulation flow path 
of the circulation duct, may be provided a blower 321 for sucking air inside the tub and 
forcibly blowing the sucked air to the outside of the clothes dryer.

[108] On the circulation flow path formed by the circulation duct, a second heat exchanger 
330 and a first heat exchanger 340 are sequentially installed. The second heat 
exchanger indicates an evaporator, and the first heat exchanger indicates a condenser. 
The evaporator 330 and the condenser 340 are a type of heat exchangers, and are 
configured to perform heat exchange between a refrigerant flowing in a heat pump 
with air on the circulation flow path like in the first embodiment.

[109] Air introduced into the tub is heated by the heater 380 on the suction flow path, or 
the first heat exchanger 340 on the circulation flow path, thereby being converted into 
high-temperature dry air having a temperature of about 150~250 . This air introduced 
into the tub in a high temperature state is used to evaporate moisture of an object to be 
dried by contacting the object, and then is exhausted to the outside of the tub. In order 
to re-use air through circulation, the air has to be cooled to have moisture removed 
therefrom. Accordingly, air on the circulation flow path is cooled by being heat- 
exchanged with the second heat exchanger 330.

[110] In order to re-supply air cooled by the evaporator 330, the second heat exchanger 
into the tub, the air has to be heated to have a high temperature. Here, the heating is 
performed by the condenser 340, the first heat exchanger. Detailed explanations about 
the heat pump will be omitted since they were aforementioned in the first embodiment.

[111] In the first embodiment, the heat pump includes the evaporator 330 (second heat 
exchanger), the condenser 340 (first heat exchanger), the compressor 350 and the 
expander (not shown).

[112] FIGS. 13 and 14 illustrate a flow path of air which is heat-exchanged with the heat 
pump. More concretely, in FIGS. 13 and 14, the line which connects the evaporator 
(second heat exchanger), the compressor, the condenser (first heat exchanger) to one 
another does not indicate a refrigerant flow path, but indicates an air flow path. The 
line indicates that heat exchange is performed as ah' sequentially contacts the 
evaporator, etc. More concretely, as shown in FIGS. 15 and 16, on the circulation flow 
path (indicated by the arrows of FIG. 15) formed by the circulation duct 320, se
quentially formed are the second heat exchanger 330, the compressor 350 and the first 
heat exchanger 340.

[113] As shown in FIGS. 13 and 14, ah on the circulation flow path is heat-exchanged with 
the heat pump. That is, the air on the circulation flow path emits heat by performing 
heat exchange with the evaporator, and absorbs heat by performing heat exchange with 
the condenser. Consequently, the air on the circulation flow path re-absorbs the heat 
emitted therefrom.
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[114] Referring to FIGS. 13 and 14, the air on the circulation flow path is heat-exchanged 
with the compressor 350 at an upstream side of the condenser 340. Generally, heat 
exchange by the heat pump is performed by the evaporator and the condenser, the heat 
exchangers. However, in this preferred embodiment, air on the circulation flow path is 
heat-exchanged with the compressor so that waste heat emitted to the air can be 
absorbed again by the compressor.

[115] More specifically, as shown in FIGS. 15 and 16, the compressor may be configured 
so that a surface thereof can be exposed to the circulation flow path inside the cir
culation duct. Referring to FIGS. 15 and 16, one or more side surfaces of the 
compressor 350 are exposed to the circulation flow path formed in the circulation duct 
320.

[116] As shown in FIG. 17, one or more radiation fins 355 may be provided on the surface 
of the compressor. Under this configuration, waste heat from the compressor may be 
recovered more efficiently, and the compressor may have a lowered temperature. This 
may enhance reliability and efficiency of the heat pump.

[117] The compressor 350 may be disposed outside the circulation duct so as to be heat- 
exchanged with air inside the circulation duct. Under this configuration, the surface of 
the compressor and an outer side surface of the circulation duct may be in a contacted 
state with each other, or heat exchange means may be additionally mounted thereto.

[118] The air changed into high-temperature air by being heat-exchanged with the heat 
pump through the circulation flow path is introduced into the tub together with air on 
the suction flow path, thereby participating in a drying operation.

[119] Under the above configuration to transfer air into the tub through the circulation flow 
path, overheating of the compressor provided at the heat pump may be prevented, and 
waste heat generated from the compressor may be recovered. This may reduce the 
amount of wasted energy, and may prevent an overload from occurring from the heat 
pump. As a result, power consumption may be reduced, and reliability of the operation 
of the heat pump may be enhanced.

[120] More specifically, part of air introduced into the mb to be used for a drying operation 
is not reused, but is exhausted to the outside of the clothes dryer. And, the heat pump is 
used to absorb only part of waste heat, and to supply the absorbed waste heat to air to 
be reused.

[121] As aforementioned, in this preferred embodiment, the heater 380 is installed so as to 
heat air sucked into the suction duct, into a temperature required for a drying operation. 
The heater 380 continuously supplements heat energy to sucked air. Accordingly, air 
sucked into the tub may be supplemented with heat energy by the heater 380. This may 
allow the heat pump to be stably operated in a normal state.

[122] Furthermore, since a large air volume may be transferred to the tub through the cir
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culation flow path, an additional blower is less required and drying efficiency in the 
tub may be enhanced. However, it is preferable that an additional blower is installed on 
the suction flow path to provide a larger amount of air.

[123] The additional blower 390 may prevent overheating of the heater 380 on the suction 
flow path by providing a larger amount of air. A configuration of the additional blower 
390 is illustrated in FIGS. 13 and 14, and the additional blower 390 may be provided at 
an upstream side of the heater.

[124] In this preferred embodiment, part of air is exhausted to the outside of the body at an 
upstream side of the evaporator on the circulation flow path. More specifically, as 
shown in FIGS. 13 to 15, the clothes dryer further comprises an exhaustion duct 360 
diverged from an upstream side of the evaporator 330, the second heat exchanger of 
the circulation duct 320. And, the exhaustion duct is configured to exhaust part of air 
to the outside of the body at an upstream side of the evaporator on the circulation flow 
path. The exhaustion duct forms an exhaustion flow path through which hot air 
discharged from the tub is exhausted to the outside. As shown in FIG. 15, air is 
exhausted to the outside through an outlet 361 connected to the outside of the body.

[125] Under this configuration of the second embodiment, waste heat may be absorbed 
from part of middle-temperature and humid air exhausted from the tub, only within the 
range of a capacity of the heat pump, and part of the rest of the middle-temperature and 
humid air may be exhausted to the outside. This may reduce the amount of wasted 
energy, and prevent an overload from occurring on the heat pump. As a result, power 
consumption may be reduced, and reliability of the operation of the heat pump may be 
enhanced.

[126] A flow control means 365 may be installed at the exhaustion duct 360. More 
specifically, the flow control means 365 may be implemented as a damper. Generally, 
the damper refers to an apparatus for controlling a flow amount of air passing through 
a duct by being open or closed manually or by a controller.

[127] The flow control means 365 controls a flow amount of air passing through the ex
haustion duct such that the heat pump maintains a normal state. More specifically, the 
flow control means 365 controls a flow amount of air passing through the exhaustion 
duct such that a temperature of a refrigerant passing through the evaporator is within a 
predetermined range. Generally, the heat pump may be influenced by an operation 
temperature of a refrigerant for absorbing and emitting heat. And, the heat pump may 
be normally operated when a refrigerant is within a preset temperature range, but may 
be abnormally operated when the refrigerant is not within the preset temperature range.

[128] In this embodiment, the amount of high-temperature and humid air which is to 
transfer heat to a refrigerant via the evaporator of the heat pump is controlled by the 
flow control means 365, thereby normally operating the heat pump. Accordingly, the
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amount of air heat-exchanged with the heat pump is determined within the range that 
the heat pump maintains a normal state.

[129] Air introduced into the tub through the suction duct may be mixed with air on the cir 
culation duct in the tub. As shown in FIG. 13, the circulation flow path formed by the 
circulation duct 320, and the suction flow path formed by the suction duct 370 may be 
united into one in the tub.

[130] For spatial efficiency, as shown in FIG. 16, the suction duct 370 may include the 
heater 380, and may be configured such that the suction flow path passes through the 
heater. And, the circulation duct is connected, through a lower portion 325 of the 
heater, with the suction duct on a rear surface of the tub, and is upwardly extended. 
However, the suction duct and the circulation duct are configured to be connected to 
each other at a downstream side of the heater, but not to be communicated with each 
other. Accordingly, air on the circulation flow path and air on the suction flow path are 
introduced into the tub without being mixed with each other.

[131] Under this configuration, the circulation flow path and the suction flow path may be 
completely separated from each other. In this preferred embodiment, it is easy to allow 
air introduced into the tub to have a higher temperature by the heater, rather than by 
the heat pump. Accordingly, once the air on the circulation flow path and the air on the 
suction flow path are discharged into the tub without being mixed to each other, air of 
a high temperature is formed to obtain a large air volume and to enhance drying ef
ficiency.

[132] As shown in FIG. 14, the suction flow path of the suction duct and the circulation 
flow path of the circulation duct may be connected with each other at a downstream 
side 371 of the heater before being introduced into the tub, and then are introduced into 
the tub.

L133] For spatial efficiency, as shown in FIG. 16, the suction duct 370 may include the
heater 380, and may be configured such that the suction flow path passes through the 
heater. And, the circulation duct 320 is connected, through a lower portion 325 of the 
heater, with the suction duct on a rear surface of the tub, and is upwardly extended. 
Accordingly, the suction duct and the circulation duct may be configured to be com
municated with each other at a downstream side of the heater.

[134] Under this configuration, the circulation duct and the suction duct are connected with 
other to be introduced into the tub. In this preferred embodiment, it is easy to allow air 
introduced into the tub to have a higher temperature by the heater, rather than by the 
heat pump. Accordingly, once the air on the circulation flow path and the air on the 
suction flow path are discharged into the tub without being mixed to each other, air of 
a high temperature is formed to obtain a large air volume and to enhance drying ef
ficiency.
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[135] In a case that the circulation flow path and the suction flow path are separately in
troduced into the tub without being mixed to each other, air may have an ununiform 
temperature. This may cause high-temperature air to partially occur to damage laundry. 
Accordingly, for a uniform temperature of air introduced into the tub, air on the cir
culation flow path and air on the suction flow path are mixed with each other before 
being introduced into the tub. This configuration may allow a large air volume to be 
obtained, and prevent damage of an object to be dried.

[136] Third Embodiment
[137] Hereinafter, explanations about the same configurations and components of a third 

embodiment as those of the first and second embodiments will be omitted.
L138] Referring to FIG. 18, a clothes dryer of the third embodiment of the present invention 

comprises a body 410 which forms the appearance thereof, and a tub 420 rotatably 
installed in the body 410. The tub 410 is supported so as to be rotatable by supporters 
(not shown) disposed at front and rear sides.

[139] At a rear side of the tub, a suction duct 430 is installed in upper and lower side di
rections of the tub by being extended from a lower portion of the body. The suction 
duct 430 is installed in the body, and configured to suck external air and to supply the 
sucked external air into the tub. By the suction duct, formed is a suction flow path 
through which air sucked into the tub flows.

[140] A first heat exchanger 440 for heating sucked air is provided at the suction duct 430. 
Like in the first embodiment, the first heat exchanger 440 indicates a condenser. Inside 
the suction duct, installed is a heater for heating sucked air to a high temperature 
required for a drying operation, as well as the first heat exchanger 440. A blower 490 
for sucking air may be provided in the suction duct.

[141] Air introduced into the tub is heated by the first heat exchanger 440, or by the first 
heat exchanger 440 and the heater, thereby being converted into high-temperature dry 
air having a temperature of about 300 . This air introduced into the tub in a high tem
perature state is used to dry laundry, and then is introduced into a front duct (not 
shown) disposed at a front lower portion of the tub. Then, the ah’ is exhausted to the 
outside of the body via a lint filter (not shown) and an exhaustion duct 450, se
quentially.

[142] The exhaustion duct 450 is provided with an exhaustion flow path for exhausting hot 
air discharged from the tub to the outside. This exhaustion flow path may be provided 
with a blower 455 for sucking air inside the tub and forcibly blowing the air to the 
outside of the clothes dryer.

[143] As shown in FIG. 19, at the exhaustion duct 450, installed is a second heat exchanger 
460 for cooling exhausted air. The second heat exchanger 460 is implemented as an 
evaporator.
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[144] As shown in FIG. 19, the clothes dryer constitutes a heat pump by further comprising 
a compressor 470 and an expander (not shown) installed between the first heat 
exchanger 440 and the second heat exchanger 460, respectively. That is, the first heat 
exchanger 440, the expander, the second heat exchanger 460 and the compressor 470 
are sequentially connected to one another by pipes, thereby constituting one heat 
pump. Detailed explanations about the heat pump will be omitted since they were 
aforementioned in the first embodiment.

[145] The heat pump absorbs waste heat by heat-exchanging with hot air discharged 
through the exhaustion duct. During this process, the air discharged through the ex
haustion duct 45 is cooled to have moisture removed therefrom. Then, the cooled air is 
exhausted to the outside of the body through an outlet 451 formed at the exhaustion 
duet in a low temperature and dry state.

[146] As shown in FIGS. 18 and 19, a heat transfer means 480 is installed between the 
compressor 470 and air of a downstream side 441 of the first heat exchanger.
Generally, the compressor has temperature increment during an operation, thus to have 
a very high surface temperature. Accordingly, when the compressor is overheated, a 
compression performance may be degraded.

[147] In the third embodiment, heat transfer may be performed, through the heat transfer 
means 480, between the compressor and air of the downstream side 441 of the first 
heat exchanger. The air of the downstream side 441 of the first heat exchanger is air 
pre-heated by the heat pump, and is to be transferred into the tub 420 through the 
suction duet 430. However, when compared with a case that the compressor is 
overheated, the air has a lower temperature. Accordingly, it is preferable to enhance 
energy efficiency by recovering waste heat, rather than to abandon heat of a high tem
perature generated on the surface of the compressor to the atmosphere.

[148] The heat transfer means 480 is implemented as a heat pipe 484. The heat pipe 484 
includes a first heat sink 481 and a second heat sink 482 at both ends thereof. The first 
heat sink 481 is configured to contact the surface of the compressor.

[149] FIG. 20 illustrates a shape of the heat pipe 484. The heat pipe 484 has a pipe shape of 
which two ends are sealed, and has a heat transfer medium therein. The heat transfer 
medium receives heat at a high temperature side connected to one end of the heat pipe, 
and moves to another end of the heat pipe corresponding to a low temperature side.

[150] More specifically, as shown in FIG. 20, the heat pipe 484 consists of a vapor passage 
485 disposed at a central part thereof and through which vapor passes, and wicks 486 
formed of a porous material and disposed at edge parts thereof.

[151] For instance, when the first heat sink (a) has a high temperature, a heat transfer 
medium of the first heat sink is evaporated to move toward the second heat sink (b) via 
the vapor passage 485. Then, the heat transfer medium is condensed at the second heat
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sink of a low temperature. The condensed heat transfer medium is moved back to the 
first heat sink (a) via the wicks 486. This movement of the heat transfer medium is 
performed by a pressure difference inside the heat pipe, without any transferring 
means. That is, the evaporated heat transfer medium moves to the second heat sink (b) 
from the first heat sink (a) by an evaporation pressure. And, the condensed heat 
transfer medium has a lowered pressure when passing through the wicks 486, thereby 
moving toward the first heat sink (a) from the second heat sink (b) of a high pressure.

[152] The first heat sink 481 of the heat pipe is configured to contact the surface of the 
compressor. Once the compressor is operated to have an increased temperature, heat is 
transferred to the first heat sink contacting the surface of the compressor. This may 
allow the compressor to be cooled by the heat pipe.

[153] More specifically, when the compressor has a surface temperature more than a preset 
value, the first heat sink 481 absorbs heat from the compressor, and the second heat 
sink 482 emits the heat to the air. As the heat transfer medium inside the heat pipe, a 
refrigerant is generally used. And, an operation temperature and a pressure of the re
frigerant may be arbitrarily set. Once a temperature of the heat transfer medium is de
termined to be suitable not to badly influence on the compressor, and thereby a 
pressure of the heat transfer medium is set, the heat pipe may be operated within the 
range of the temperature. This may prevent overheating of the compressor, thereby 
reducing power consumption, and enhancing reliability of the operation of the 
compressor.

[154] Alternatively, when the compressor has a surface temperature less than a preset 
value, the second heat sink 482 may absorb heat from the air of the downstream side 
441 of the condenser (first heat exchanger), and the first heat sink 481 may transfer the 
heat to the compressor for preheating of the compressor. This configuration may be 
also implemented by pre-setting an operation temperature of the heat transfer medium 
inside the heat pipe.

[155] Under this configuration, in a case that the compressor 470 is not smoothly operated 
due to no preheating when the clothes dryer is initially operated, the compressor is 
preheated by absorbing a predetermined amount of heat from air heated by the first 
heat exchanger 440. Once the compressor has been sufficiently heated, waste heat 
discharged from the compressor is absorbed so as to prevent overheating of the 
compressor. Then, the absorbed waste heat is used to heat air to be introduced into the 
tub. As the waste heat is efficiently used, overheating of the compressor may be 
prevented. As a result, power consumption may be reduced, and reliability of the 
operation of the compressor may be enhanced. Furthermore, an insufficient operation 
of the compressor occurring when the clothes dryer is initially operated may be 
prevented by preheating the compressor. This may enhance the performance of the
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clothes dryer.

As another embodiment of the present invention, the second heat sink 482 may be 

positioned at the downstream side 441 of the condenser (first heat exchanger), and may be 

provided with a plurality of heat transfer fins 483 on a surface thereof. This configuration is

5 implemented so as to enhance heat transfer efficiency by using the heat transfer fins.

As still another embodiment of the present invention, the compressor 470 may be 

positioned at an inlet of the suction duct 430 for more effective implementations of the 

aforementioned embodiments. Accordingly, recovery of waste heat by the heat transfer means 

may be performed more efficiently by the natural convection.

10 The foregoing embodiments and advantages are merely exemplary and are not to be

construed as limiting the present disclosure. The present teachings can be readily applied to 

other types of apparatuses. This description is intended to be illustrative, and not to limit the 

scope of the claims. Many alternatives, modifications, and variations will be apparent to those 

skilled in the art. The features, structures, methods, and other characteristics of the exemplary

15 embodiments described herein may be combined in various ways to obtain additional and/or 

alternative exemplary embodiments.

As the present features may be embodied in several forms without departing from the 

characteristics thereof, it should also be understood that the above-described embodiments are 

not limited by any of the details of the foregoing description, unless otherwise specified, but

20 rather should be construed broadly within its scope as defined in the appended claims, and 

therefore all changes and modifications that fall within the metes and bounds of the claims, or 

equivalents of such metes and bounds are therefore intended to be embraced by the appended 

claims.
Throughout this specification and the claims which follow, unless the context requires

25 otherwise, the word "comprise", and variations such as "comprises" and "comprising", will be 

understood to imply the inclusion of a stated integer or step or group of integers or steps but 

not the exclusion of any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information derived 

from it), or to any matter which is known, is not, and should not be taken as an

30 acknowledgment or admission or any form of suggestion that that prior publication (or 

information derived from it) or known matter forms part of the common general knowledge in
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the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A clothes dryer, comprising: 

a body;

a tub rotatably installed in the body;

a suction duct installed at the body, and configured to suck external air and to supply 

the external air into the tub;

an exhaustion duct configured to exhaust at least part of the air having passed through 

the tub to outside of the body;
a heat pump having a heat exchange means for recovering waste heat by heat

exchanging part of the air passing through the exhaustion duct, and

a circulation duct diverged from the exhaustion duct, and configured to re-supply part 

of air passing through the exhaustion duct into the tub through circulation,

wherein the heat pump comprises:

a second heat exchanger for cooling air, and a first heat exchanger for heating air, the 

heat exchangers sequentially installed on a flow path formed by the circulation duct; and

a compressor and an expander connected between the first and second heat exchangers 

by pipes,

wherein air passing through the circulation duct is heat-exchanged with the compressor 

at an upstream side of the first heat exchanger,

wherein the circulation duct diverged from the exhaustion duct at an upstream side of 

the first heat exchanger so that waste heat may be absorbed from part of middle-temperature 

and humid air exhausted from the tub, only within the range of a capacity of the heat pump, 

and part of the rest of the middle-temperature and humid air may be exhausted to the outside.

2. The clothes dryer of claim 1, wherein the heat pump comprises:

a first heat exchanger installed on a flow path of the suction duct, and configured to

heat sucked air;

a second heat exchanger installed on a flow path of the exhaustion duct, and configured
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to cool exhausted air; and

a compressor and an expander connected between the first and second heat exchangers 

by pipes,

wherein part of the air exhausted via the exhaustion duct is heatexchanged with the 

second heat exchanger.

3. The clothes dryer of claim 2, wherein the exhaustion duct is configured to have a 

sectional area larger than that of the second heat exchanger.

4. The clothes dryer of claim 2, further comprising a bypass duct having one end 

communicated with an upstream side of the second heat exchanger at the exhaustion duct, and 

another end communicated with outside of the body.

5. The clothes dryer of one of the preceding claims, further comprising one or more flow 

control means.

6. The clothes dryer of claim 5, further comprising a controller, and the controller 

controls the flow control means such that a temperature of a refrigerant having passed through 

the second heat exchanger is within a preset range.

7. The clothes dryer of claim 6, wherein the controller determines a flow amount of air 

heat-exchanged with the second heat exchanger within a range that the heat pump maintains a

normal state.

8. The clothes dryer of claim 1 or 2, further comprising a heater installed at the suction 

duct, and configured to heat sucked air.
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9. The clothes dryer of claim 1, further comprising a heater installed at the suction duct 

and configured to heat sucked air,

wherein the suction duct and the circulation duct come in contact with each other at a 

downstream side of the heater, and are connected to the tub in a state where flow paths thereof 

are separated from each other.

10. The clothes dryer of claim 9, wherein the suction duct and the circulation duct are 

communicated with each other at a downstream side of the heater, and are introduced into the 

tub with a mixture of air which flows on the flow paths.

11. The clothes dryer of claim 1, wherein the compressor is configured such that a surface 

thereof is exposed onto the flow path inside the circulation duct, or wherein the compressor is 

positioned outside the circulation duct so as to perform heat exchange with air inside the 

circulation duct.

12. The clothes dryer of claim 1 or 2, further comprising a heat transfer means installed 

between the compressor and air of a downstream side of the first heat exchanger, wherein the 

heat transfer means is preferably implemented as a heat pipe.

13. The clothes dryer of claim 12, wherein the heat transfer means comprises: 

a first heat sink contacting the surface of the compressor; and

a second heat sink disposed at the downstream side of the first heat exchanger, and 

having a plurality of heat transfer fins on a surface thereof,

wherein when a surface temperature of the compressor is more than a 

preset value, the first heat sink absorbs heat from the compressor, and the second heat sink 

emits the heat to air of the downstream side of the first heat exchanger for heating, and
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wherein when the surface temperature of the compressor is less than the preset value,

the second heat sink absorbs heat from the air of the downstream side of the first heat 

exchanger, and the first heat sink transfers heat to the compressor for preheating of the

compressor.

14. A clothes dryer, substantially as hereinbefore described with reference to any one or 

more of the accompanying drawings and/or examples.

15. A method of operating a clothes dryer, substantially as hereinbefore described with 

reference to any one or more of the accompanying drawings and/or examples.
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