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'CLOTHES DRYER

TECHNICAL FIELD
The present invention relates to a clothes dryer, and more pérticularly, to

a clothes dryer of exhaust type including a vapor compression cycle system.

‘The clothes dryer improves drying efficiency by drying laundry by supplying heat

to an introduced air from a heat exchange cycle system.

BACKGROUND ART
Clothes dryers are mainly ué_ed to dry clothes by removing moisturé from
clothes that have just been washed.

The clothes dryers can be classified into an exhaust type and a

condensation type according to a processing method of moist air generated

while drying faundry. The former type employs a method of exhausting moist air

from a dryer, while the latter employs a method of removing moisture by

condénsing moist air exhausted from a dryer ar/ldv circulating the

. moisture-removed air again in the dryer.

Typically, in the exhaust type dryer, an air intake duct and an air exhaust
duct are connected to a rotatable drum disposed inside a cabinet, the air intake
duct having a heater disposed therein.

ft\s air outside th.e dryer is introduced into the air intake duct by driving a
fan, the air is heated to a high temperature by a heatef. Tﬁe heating temperature

reaches up to about 100°C. This high temperature air is introduced into a drying’
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drum in the dryer, thus drying laundry in the drum. In the drying procedure, the
high temperature air gets to bon_tain the moisture included in the laundry, and:
high humidity air is discharged thrdugh the air exhau'st.duct. Although such a
conventional élothes dryer that delivers heat to an introduced air by using a
heater has a merit ihqt the overall drying time is shértened by the heater’s rapid
heating of air and it cah be manpfactured to ha've. a large capacity, it has a
drawback that the energy consumption is large bécause an introduced _air is -
heated by the heater. Egpecially, there is a grgat probability that damages may
occur depending on the material of laundry in the drying procedure since the

laundry is dried with air of high temperature of 100°C or higher.

Meanwhile, the condensation type clothes dryer has a merit that it can be.

manufactured in a built-in type since it requires no air exhaust duct for

discharging air out of thé clothes dryer, while it has a drawback that it requires a
long drying time and is difﬁcwt to be manufactured to have a largei capacity
although its energy efﬁciéncy is higher than the exhaust type.

Under this background, there is a demand for a clothes dryer that

. provides a high energy efficiency and is so improved that it may not cause a

damage to- laundry.

DISCLOSURE OF THE INVENTION
Therefore, an object of the present invention is to provide a cloihes dryer
which improves energy efficiency and has little possibility of causing a damage

to laundry due to a high temperature air in a drying procedure.
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Another object of the present invention is to provid.e a clothes dryer which
can exhaust air that has been dried to the outside with moisture removed
enough from the dried air.

Still another ébject of the present‘vinvention is to provide a dothes dryer
which is compact with improved spacé Qtilization.

To achieve the above objects, according to a first aspect of the present

" invention, there is -provided a clothes dryer, comprising: a cabinet; a drying

container rotationally mounted in fhe cabinet; a driving portion for supplying a

torque to the drying cdntainer; a first air path connected to one side of the drying

container; a second air path connected to the other side of the drying container

.and connected to outside of the cabinet; a first heat exchange portion for

exchanging heat with air flowing through the first air path; and a second heat

exchange portion for-exchanging heat with air flowing through the second air

path, wherein vthe first air path and the second air path are Iocaie‘d below the
drying contaiﬁer. |

The first heat exchange portion increases thé temperature of flowing air
through a heat exchange, and Aihe second_heat exchange pbrt_idn ‘removes
moistﬁre 'from ‘ﬂowing- air through a heat Jexchangé. The ﬁrst heat exchange
portion and the second heat exphange portion form a thermodynamic cycle by a
compressor and an expansion uhit aisposed inside the cabinet and a pipe
connecting the compréssor and the expansion unit. An obening for putting .
laundry in and out the dwing container is forméd in the front face of the cabinet.

A fan for Creating an air flow is disposed at at least one of the first and
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second air paths. Preferably, the fan receives a torque from the driving portion.
According to a second aspect of the present invention, there is provided
compﬁsing: a cabinet; a drying container rotationally rﬁ'ounted in the cabinet; a
ariving portion for supplyihg a torque to the drying container; a first air path
connected to o'ne side of the drying containe}r; a second air path connected to

the other side of the drying container and connected to outside of the cabinet; a

first heat exchange portion for exchanging heat with air f}oWing through the first

air path; and a second -héat exchange portion_for exchanging heat with air

~ flowing through the second air bath, wherein the second air path has a damper

for openi.ng énd cloSing the paths disposed thereon.

A témperature sensor or humidity sensor is disposed’ i:n.front of 'the' ‘
damper on the second air path. The damper is controlled in at least two states
inclﬁding an b,pe"ned state and a closed state accordin}g to— a predetermined

value of a signal sensed by the temperature sensor or humidity sensor.

BRIEF DESCRIPTION OF THE DRAWINGS |
The éccompanying drawings, which are included to provide a_'further
understanding of th»e invention and are incorporatéd in and constitute a part of .
this specification, illﬁsfréte embodiments df the invention and togefher with the
description serve to expvlain the principles of tﬁe invéntion.
In the_ drawings: |

FIG.1 is a perspective view showing the outer appeérénce of a clothes

dryer;
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FIG.2 is a perspective view showing the inside of a clothes dryer
according to one embodiment of tﬁe pfesent inventiqn; “

FIG. 3 is a perspective' view showing the inside of a clothes dryer
accordir!g io one embodiment of the present invention;

FIG.4 is a plan view showing parts disposéd on the bottom of the
clothes dryer of F 1G.2; |

FIG.5 is a plan view showing parts disposed on the bottom of a clothes
dryer according to another embodim'eht of the present invention; |

| FIG.6 is a schematic view showing a refrigerant ﬂow and an air flow in

the clothes dryer according to the present invention; '

FIG.7 is a perspective view showing some parts of the iﬁside of the
clofhes dfyen" according to the present invention;

FIG.8 is a schematic view showing some parts of the clothes dryer

. provided with a dampér; and

?

FIG.9 is a graph showing a rate of change in temperature (or humidity) in the

| drying container.

MODES FOR CARRYING OUT THE PREFERRED‘EMBODIMENTS

Hereinafter, preferred embodiments of the present invention will be
descfibed ianore detail with reference to the accompanying drawings.

While the invention has been described in connection with breferrea
embodiments, it ié not intended to limit the scope of the inventi§n to the

particular form set forth, but on the contrary, it is intended to cover such
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alternatives, modifications, and equivalents as may be included within the spirit
and scope of the iﬁventibnés defined by the appended claims.

Referring to FIG.1, one example of a clothes dryer 10 according to the
p'resent invention is illustrated. A cabinet 12 prov'ide'd with aﬁ entrance 14 in the
front face is hoﬁow inside, with a dfying container rotationally mounted therein.

' FIGs.2 and 3 i}IIust_ra‘tes' an inner structure of the clothes dryer in more
detail. | |

| - The drying container 16 is a cylindrical-shaped structure, and disposed |
so as to rotate around an \axis subsfantially parallel to thé bottqm of thé cabinet
12. . | -

The drying container 16 is made rotatable by féceiving a torque from a
drivivng portion 18, é.g., a motor, disposeci ona IoWer,side 'thereof, preferably, 6n

the bottom of the cabinet 12. Typically, as a torque transmission means, a belt

engaged by being extended from a driving shaft of the driving portion 18 to the

outer peripheral surface of the drying container 16 is suitable. ’As described later,
the dfiving portion is also able to transmit a torque to a fan 40 disposed inside
the éébinet 12 and creating an air flow. |

FIG.4 illustraies Qarious elements vdisposed on the bo.ttom'”of the cabinet
of t_he.g':lothes dryer. As illus'tfaited in FIGs.2 to 4, a first air channel 20 through
which intaké air flows is connected to at one side of the drying container 16, and
a second air path 22 through which exhaust air from the drying cbntainer flows is
connected to the other side thereof. It does not matter if the entrénce of the first

air path 20 is not exposed out of the cabinet 12, but it is preferable that the outlet
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of the second air path 22 is exposed qut of the cabinet 12. the shapes of the first
air path 20 and second air vpath.22 are not specifically restricted, but the
‘direction or position of each part of the paths may be changed so as to be
A.suitable to the space in the cabinet. |

A first heat exchange portion 30 is disposed in the first air path 20. The.
first heat exchange portion 30"a'ppli'es heat to air in'troduced into the first air path
20*t6 increasé the air in temperature. Thué, tﬁé éir passing throUgh the first air
”path 20 enters the drying container 16 in a temperature_—increased stéfé. ’

A second heat exchange portion 32 is disposed at the rear end of the
second air path 22. The sécét—md heat exchange p'orti'on 3;2 takes heat éway from
the air exhausted from the drying 'cdhtainér 16 via the second air path 22 to

change the air to a moisture-removed state. ‘Thus, the air having passed through

*  the second heat exchange portion' 32 is exhausted out of the cabinet 12, with

moisture removed.
It is preferable"that“ the first heat exchange portion 30 and the second

heat exchange portioh 32 form a iherm'ddynamic cycle. For this, the cabinet 12

| further includes a compressor- 34 and an expansion device 36 are preferably

diéposed in the lower side of the drying container or lower thvan the drying
cbhfainér. The first heat exchange' portion 30 and the second heat exchange
portion-32 are connected by é pipe 38 to form one closed loop. Such a cycle is a
kind of_“vapor' compression cycle’, and serves as a heat pump with respect to air
flowing through the first air channel 30.

It is preferable that the air entering the first air path 20 enters the drying
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container after it is increased in temperature by receiving heat in the second
heat exchange bortion 32. For this, a condenser for supplying hﬁeaf to a flowing
air ié used as the first heat exchange portion 30, and an evaporator for
absorbing heat from a flowing air so as to remove moisture from the air ~
exhausted from the d_rying‘container is used as the seconq ;heat exchange
portion 32. |

A pluraﬁfcy of hea{ exchange pins are generally n_\dunted at the heat
exchange portions 30 and 32 in order to inérease a heat transfer érea on the
pipe through which refrigerant passes. A ﬂowing"air receives heat from tﬁe
condenéer and is in’creased-to‘a tempéréture higher than about SO*C, preferably,

50 to 75°C. Thus, the temperature of air entering the drying container is lower

than the case of a heater type, thereby not damaging laundry.
- The compressor 34, which is one of _the elements of the vapor
compreéscr cycle, may be located at various positions in the cabinet.
In the embodiment as shown.in FIG.4, it can be seen that the
compressor 34 is located at the first air péth 20 side. Especially, the compressor

34 is located in front of the first heat exchange portion 30. In this case, the heat

. generated from the compressor 34 firstly increases the temperature' of the air

entering the first air path 20, thus-further increasing the temperature of air
passing through the first heat exchange portion.
Meanwhile, the c_ompressbr 34 may be'disposed at the second air path

22 side. In the embodiment as shown in FIG.5, it can be seen that the

. compressor 34 is disposed next to the second heat portion 32 at the second air
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path 22 sidé. in this case, zt‘h.e air Ahaving passes thrd'ugh the second heat
exchange portion 32 cools t;ié ‘:’éo’mpr'essor 34, thereby increasing the overall
efficiency of the vapbr compressor cycle system.

| FIG.6 schematically illustrates a refrigerant flow and an air flow in the
aforem_ehtioned gycle. A proper refrigerant flows in the pipe 38 for connecting
each of the elements of the cycle. As for the direction thereof, the refrigerant

proceeds to the first heat exchange portion 30 from the second heat exchange

portion 32 through the éxpansion device 36, and then proceeds to the second

heat exchange portion 32 from the first heat exchahge portion’ 30 through the
compressor 34. This flow direction of the refrigerant is indicated by a dotted ‘
arrow.
‘ The air flowing into the first air path 20 passes through.the first heat
exchange portion 30 and enters the dryiqg container 16, and then passes
through the second heat exchénge _portion~l3é_via thé second air-path 22 and is
exhaﬁsted out of the cabinet. This flow direction is indicated by a dotted arrow.

Preferabiy, each of 'thé elements constituting the above cycle, that is, the

" first heat exchange portion 30, the second heat exchange portion '32, the

compressor 34, the expansion device, and the pipe 38 con_necting‘them are all
disposéd inside the cabinet 12, especially, below the ‘drying container 16. For
this, it is appropﬁaté thét at least some parts of the first air path, where the first
heat exchange:portionjA/SO' is disposed, and at least some parts of the second air

path 22, where the second heat exchange portion 32 is disposed, are dispbsed

~ below the drying container 16.
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path. 22 to drive the fan. Th

By this arrangement, there is no need to increase the volume of the
cabinet, thus the inner space can be otilized efficiently, resultantly making the
clothes dryer compact. If the aforementioned elements are exposed out of the
clothes dryer or the volume of the cabinet is increased, the installation area of
the. clothes dryer in a building becomes larger thereby decreasmg the spatial-
utilization.

FIG.7 illustrates some parts of the clothes dryer according to the present

invention. As illustrated therein, a belt 42 is wound around the outer peripheral

‘surface of the drying container 16, and the belt 42 is connected to a rotary shaft

18a of the dri\ring portion 18 and transfers a torque to the drying container 16.

The drrvrng portion 18 is also connected to a fan 40 disposed on the second arr

the driving portion 18 can rotate the dryrng
contain'er 16 and the fan 4(_)‘.§ "’ulteneoosly. As above, the drying contamer 16
and the tan'40 are driven-at a~t_rm}le‘-v'only by the'one.driving ‘portion 18, so that the
space utili;atio.n in the cabinet oan be inoreased and no additional apparatus is
required, which is edvantageous; Although, in FIG.7, thei fan 40 is disposed in
the second air path 22 near the dryinQ container 16, it may also be disposed on
the first air path only if it ,oanv be supplied with a torque from Ithe driving portion
18. | | ‘

Mea»nwhile, a filter (21 of FIG.4) is disposed on the first air path 20 before
the first heat exchange portion is disposed, so that it may remove contaminants,
such as dusts, contained in an introduced air in advance. |

A drying process of the clothes dryer of the present invention having this

10



WO 2006/062261 PCT/KR2004/003188

10

15

29'

construction will be described below.

When the fan 40 is driven by theA rotation of the drivinbg portion 18, a
suction force is generated to introduce external air to the entrance of th‘e first .air
path 20. As the introduced air passes through the first neat exchange pnnion 30
of high temperature, a heat exchange is done. The air changed to a high
ternperature cont‘inuously passes fhroUgh tne inside 6f the first air path 20 and
reaches to one side of the drying container 16.

The air having passed through the first heat exchange 30 maintains a

‘temperature of about 50 to 75C. The high temperature air maintaining this

degree of temperature can smoothly perform ~drying, without damaging Iaundry in

the drying container 16.

The high température and low humidity introduced into the drying ;
container 16 delivers heat while in contact with laundry containing moisture, and
receives moisture from laundry and éomes out of the drying container in fhe :
form of a hﬁgh humidity air. As the high hpmidity air flown out 'of the drying
containef ‘passés through the second air- path 22, it is changed to a low
temperature and loW humidity air, witn the moisture contained in the air removed
through a heat exchange with the second heat exchange portion 32, théreby
being discnargéd out of the cabinet 12. o

In the clothes dryer according to the present invention, a heat generating
system using a vapor compression cycle exhibits heating performance two or
three times larger as compared to a,héater type, under the assumption that the

same power is used. Thus, power consumption can be reduced. Especially, the

11
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efficiency of the \}apop compression cycle system can be increased by disposing

‘the COmpréssor ét the entrance of the first air path or at the exit of the second air

path.

‘Further, the temperature of air introduced into the drying container is
lower as compared to drying using a heater t)_/pe, which causés less damage of
laundry. | | |

Besides, the second heat ,exchange portion of thgheat generating system
removes moisture from exhausted air, which can avoid hum|d air from bemg
exhausted mto the building due to the operatlon of the dryer |

Hereinafter, a clothes dryer according to a second aspect of the present

" invention will be described.

An exhaust type dryer injects high terhperature air to one side of a drying
container, and discharges humid-air to the other side thereof. Such a prpcess is

always the same from an initial stage of drying until an end stage of drying. If

A high temperature air stays in the drying container for a while and then is directly

discharged out of the drying drum, this is” not efficient in terms of energy
utilization.- That is, energy consumption is increased in the overall drying‘ B
process.

_In the present invention, thé enérgy efﬁciency.is increased by controlling
an air\ flow such.that the time during which air stays in the drying container may
differ debending on a drying procedure. In a preférred, embodiment, a damper
for opening and closing the paths is disposed on the second air .path through

which air is discharged to thus control an air flow.

12
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FIG.8 schematically illustrates some parts of the clothes dryer with a

damper disposed thereto.

A damper 60 js disposed near the drying container 16 on the second air

-path 22.

* A sensor 63 for sensing a temperature or humidity of air discharged from
the drying céntainer 16 is disposed in front of the damper 60. fhe dampef 60 is
controlléd according to a temperature. or humidity sensed by the se_nsdr 62,
thereby adjusting the flow of ai} passing through the ée'c_ond-air path 22.

A method 6f controlling the opening andAclosing of the damper dan be
selected variously_'acco'rding to a dried state of laundry or a state of the air
discharged from the drying éontainer. l

| Reférring to FIG.9, a rate of change per time in terhperature (A) or
humidity (B) of air discharged from the drying container is shown'. A d'eQrée of
opening and clqsing the damper may be changed based on a saturation povint
Ps at which an incr'ease rate of‘temperature sensed by the sensor becomés' :
lower of a decrease rate of hurﬁidfty becomes slow. -

Fpr example, it is poséible to ‘cor;trol- the damper to be closed if a

measured temperature of an air outlet portion of the drying container is less than

" a predetermined temperature (i.e., 60C) or control the damper to be opened if it

is greater than the predetermined temberature. Besides, it is also possible to

close the damper until a measured hunﬁidity of air discharged from the air outlet

,‘ portion of the drying container reaches a predetermined value and open the .

damper if it exceeds\the predetermined value.

13
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By this method, the damper is closed in an initial stage of drying to
increase the time during which a high temperature air stays in the drying

coﬁtainei‘, and the damper is opened in an intermediate or end stage of drying to

increase a discharge amount of air. Therefore, there is a lot of time for which

high temperature -air is contacted with laundry in the initial stage of drying, thus
even a small air flow can be efficiently utilized for drying. Further, in the

intermediate or end stage.of drying, the energy consumption can be reduCed by

decreasing an air heating degree rathér than by increasing an air flow amount. .

Meanwhile, if the damper is fully opened for a long time, fhe p'ressuré in
the drying Contéiner may be ‘ex‘cessively incréased or a large load may be
applied‘to the fan for creatihg an air flow. To pre\)ent this, the step of partially
opening‘ the damper may be included. | |

That is, a multistage damper control me_:théd may be used in which the
damper is fully opened.if a measuréq préssure in the drying container reaches a

predetermined pressure or if a temperature or humidity reaches a predetermined

.value after the damper is slightly opened in advance when the temperature or

humidity reaches a given value before the air outlet in the drying container

- reaches the predetermined temperature or humidity.

As described above, the present invention can increase the energy
éfﬂciency of the dryer by including first and second vheat. exchange portions
serving aS héat pumps. Moreover, the present invention can remove moisture
from air exhausted from the dryer. -

Furthermore, if the vapor compression cycle system is disposed below

14
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dryer is utilized as its, and thus there is no need for volume increase. That is, the

space required to dispose the system gets smaller as compared;to. the case .

‘where the system is disposed at a side or rear of the cabinet.

Besides, the present invention can lengthen the time for which

‘high temperature air stays in the drying drum by changing the degree of opening

and closing the damper disposed between the drying container and the air path.
Therefore, a lot of moisture can be removed from laundry, and the energy

consumption of the dryer can be reduced.

15
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CLAIMS

1. ClothesAdr'yer, comprising:

a cabinet; » |

a drying container rotationally.mbunted in the cabinet;
a motor brov_idinQ the container with rotational force;
a first air path connected to ,é side of the- container;

. asecond air path connected to another side of the container and to the

~ -outside of the cabinet;

a first heat exchénging member for the first air path; and
a second heat exbhanging member for the second air path,

“wherein the first air path andthe second air path are on the lower part of

~thé cabinet.

- 2. The clothes dryer of claim 1, wherein the first heat exchanging member
increases the temperature of air flowing in the first air path and the second heat

exchanging member removes the moisture of air flowing in the second air path.

3. The clothes dryer of claim 2, further comprising a compressor, an
expanding member, and connecting pipes, wherein the first heat exchanging

member and the second heat exchangingl member communicate with each other

in thermodynamic cycle.

16
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4. The clothes dryer of claim 3, wherein the first heat exchanging member

is a condenser which supplies heat from refrigerant to air flowing in the first air

' path and the second heat exchanging member is an evaporator which supplies

" heat from air flowing in the second path to refrigerant.

5. The clothes drygr of claim 3, wherein the compressor and the

expanding member are on the lower part of the cabinet.

6. The,'.clothes dryér of cléim 3, wherein the compressor is placed in the

first air path.

7. The clothes dryer of claim 6, wherein the compressor is placed in front

of the first heat exchanging member.

8. The clothes dryer of claim 3, wherein the compressor is placed in the

second air path

9. The clothes dryer of claim 8, wherein the compressor is placed next to

of the second heat exchanging' member.

10. The clothes dryer of claim 1, wherein an opening part is formed at the

front side of the cabinet.

17
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- 11. The clothes dryer of claim 1, wherein a fan for causing air flow is

Jplaced at least one of the first air path and the second air path, said fan

receiving rotational force from the motor.

12. The clothes dryer of claim 11, wherein the fan is placed at the second

air path.

- 13. The clothes dryer of claim 1, wherein air of 50 ~ 75°C flows into the

drying container via the first air path.

14. The clothes dryer of claim 1, wherein a filter is placed ahead of the

first heat exchanging member and in the first air path.

15. The clbthés dryer of c;laim 1, wherein a dahper for opening and

closing air path is placed in the second air path.

16. The clothes dryer of claim 15, wherein a temperature sensor or a

humidity sensor is ahead of the damper in the second.-air path.

17. The clothes dryer'of claim 16, wherein the damper is controlled in at
least two states including open state and close state, depending on signal from

the temperature sensor or the humidity sensor.
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