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(54) CLOTHES DRYER

(57)  Aclothes dryer (100) is provided, comprising a
casing (4); adrying drum (1) provided with a drying cavity
therein and provided with an air outlet (12) and a return
air inlet (11) which are in communication with the drying
cavity, wherein the drying drum (1) is disposed in the
casing (4) and an air duct (2) is defined between the
drying drum (1) and the casing (4), wherein two ends of
the air duct (2) are in communication with the return air
inlet (11) and the air outlet (12) respectively; a heat pump
system disposed in the casing, comprising a compressor
(31), a condenser (32), a throttling element (33), a mul-
ti-channel evaporator (34) and a tube-fin evaporator (35)
which form a circulation loop of refrigerant, wherein the

multi-channel evaporator (34) and the tube-fin evapora-
tor (35) are in parallel connection or in series connection,
and the condenser (32), the multi-channel evaporator
(34) and the tube-fin evaporator (35) are disposed in the
air duct (2), wherein in a flowing direction of the air of the
air duct (2), the tube-fin evaporator (35) is located up-
stream of the multi-channel evaporator (34). In the
clothes dryer (100) according to the present disclosure,
the evaporator (34, 35) is easy to clean, and the heat
exchange efficiency of the evaporator (34, 35) may be
improved, thus improving the working efficiency of the
clothes dryer (100).
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Description
FIELD
[0001] The present disclosure relates to a technical

field of electric appliances, and more particularly to a
clothes dryer.

BACKGROUND

[0002] A clothes dryer in the related art is generally
provided with a tube-fin evaporator or a multi-channel
evaporator.

[0003] Withregard to the clothes dryer having the mul-
ti-channel evaporator, fins of the multi-channel evapora-
tor have a high density, so that the multi-channel evap-
orator has high heat exchange efficiency. However in
use of the clothes dryer, matters on the clothes such as
dust and fluff flow along with air and accumulate on the
multi-channel evaporator, making it difficult to clean the
multi-channel evaporator. Coupled with that water con-
denses on a surface of the multi-channel evaporator and
water, dust and fluff tend to be solidified on the surface
of the multi-channel evaporator, a resistance of heat
transfer between the fin and air is increased, and a heat
transfer coefficient of the multi-channel evaporator is re-
duced, moreover a wind resistance of an air duct of the
clothes dryer is increased and a circulating air rate is
reduced, which are adverse to an improvement of work-
ing efficiency of the clothes dryer.

SUMMARY

[0004] Embodiments of the present disclosure seek to
solve at least one of the problems existing in the related
art to at least some extent. To this end, a clothes dryer
is provided by the present disclosure, which may not only
facilitate cleaning of an evaporator, but also may improve
heat exchange efficiency, being beneficial for improving
working efficiency of the clothes dryer.

[0005] The clothes dryer according to embodiments of
the present disclosure includes: a casing; a drying drum
provided with a drying cavity therein and provided with
an air outlet and a return air inlet which are in communi-
cation with the drying cavity, in which the drying drum is
disposed in the casing and an air duct is defined between
the drying drum and the casing, in which two ends of the
air duct are in communication with the return air inlet and
the air outlet respectively; a heat pump system disposed
in the casing, including a compressor, a condenser, a
throttling element, a multi-channel evaporator and atube-
fin evaporator which form a circulation loop of refrigerant,
in which the multi-channel evaporator and the tube-fin
evaporator are in parallel connection orin series connec-
tion, and the condenser, the multi-channel evaporator
and the tube-fin evaporator are disposed in the air duct,
in which in a flowing direction of the air in the air duct,
the tube-fin evaporator is located upstream of the multi-
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channel evaporator.

[0006] In the clothes dryer according to embodiments
of the present disclosure, the heat pump system includes
the multi-channel evaporator and the tube-fin evaporator
at the same time, and the multi-channel evaporator and
the tube-fin evaporator are in parallel connection or in
series connection, the condenser, the multi-channel
evaporator and the tube-fin evaporator are disposed in
the air duct, moreover in the flowing direction of the air
inthe air duct, the tube-fin evaporator is located upstream
of the multi-channel evaporator. Thus, by disposing the
multi-channel evaporator and the tube-fin evaporator at
the same time, the heat exchange efficiency of the evap-
orator may be improved, thus improving the working ef-
ficiency of the clothes dryer. Moreover in the flowing di-
rection of the air in the air duct, the tube-fin evaporator
is located upstream of the multi-channel evaporator, thus
the wet air discharged out from the air outlet may firstly
run through the tube-fin evaporator and exchange heat
with the tube-fin evaporator, and may subsequently con-
tinue to flow through the multi-channel evaporator. By
this way, the fluff in the air discharged out from the air
outlet accumulates on the tube-fin evaporator not on the
multi-channel evaporator, not only the fluff on the tube-
fin evaporator is easy to clean, but also the multi-channel
evaporator is easy to clean, and at the same time the
problems, such as anincrease of resistance of heattrans-
fer between the multi-channel evaporator 34 and the air,
a decrease of heat transfer coefficient of the multi-chan-
nel evaporator 34, an increase of wind resistance in the
air duct 2 and a decrease of circulation air, caused by
the fluff solidified on the multi-channel evaporator 34 in
the related art are avoided.

[0007] According to some embodiments of the present
disclosure, the multi-channel evaporator and the tube-fin
evaporator are in parallel connection, the clothes dryer
further includes a resistance element in series connec-
tion with the tube-fin evaporator and configured to in-
crease a flow resistance of the refrigerant.

[0008] Specifically, the resistance element is config-
ured as a capillary tube, a counterbalance valve, a pres-
sure regulating valve or an electronic expansion valve.
[0009] Specifically, the resistance element is located
at an outlet side of the tube-fin evaporator.

[0010] According to some embodiments of the present
disclosure, a flowing direction of the refrigerant between
the multi-channel evaporator and the tube-fin evaporator
is reverse to a flowing direction of the air in the air duct,
and the multi-channel evaporator includes a plurality of
rows of heat exchange tubes, optionally flat tubes, in
which a flowing direction of the refrigerant between the
plurality of rows of heat exchange tubes is reverse to the
flowing direction of the air in the air duct.

[0011] According to some embodiments of the present
disclosure, the multi-channel evaporator is disposed ob-
liquely with respect to a horizontal plane.

[0012] According to some embodiments of the present
disclosure, the multi-channel evaporator is configured as
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a parallel flow multi-channel evaporator or a snakelike
multi-channel evaporator.

[0013] According to some embodiments of the present
disclosure, a distance between a fin and an adjacent fin
of the tube-fin evaporator has a value range of 0.5mm-
5mm.

[0014] According to some embodiments of the present
disclosure, the flat tubes of the multi-channel evaporator
are disposed at an included angle having a value range
of 60-90° relative to the horizontal plane.

[0015] According to some embodiments of the present
disclosure, a flat tube of the multi-channel evaporator
has a width of 8-30mm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] These and other aspects and advantages of
embodiments of the present disclosure will become ap-
parent and more readily appreciated from the following
descriptions made with reference to the drawings, in
which:

Fig. 1is a schematic view of a condenser with a tube-
fin evaporator and a multi-channel evaporator ac-
cording to some embodiments of the present disclo-
sure;

Fig. 2 is a schematic view of a partial structure of a
clothes dryer according to some embodiments of the
present disclosure;

Fig. 3 is a schematic view of a clothes dryer accord-
ing to some embodiments of the present disclosure;
Fig. 4 is a schematic view of a condenser with a tube-
fin evaporator and a multi-channel evaporator ac-
cording to some other embodiments of the present
disclosure;

Fig. 5 is a schematic view of a partial structure of a
clothes dryer according to some other embodiments
of the present disclosure;

Fig. 6 is a schematic view of a clothes dryer accord-
ing to some other embodiments of the present dis-
closure;

Fig. 7 is a schematic view of a condenser with a tube-
fin evaporator and a multi-channel evaporator ac-
cording to some further embodiments of the present
disclosure;

Fig. 8 is a schematic view of a clothes dryer accord-
ing to some further embodiments of the present dis-
closure.

Reference numerals:
[0017]

clothes dryer 100;

drying drum 1; air outlet 12; return air inlet 11;

air duct 2;

compressor 31; gas outlet 311; return gas inlet 312;
condenser 32; throttling element 33; multi-channel
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evaporator 34; tube-fin evaporator 35; resistance el-
ement 351;
casing 4; fan 5.

DETAILED DESCRIPTION

[0018] Reference will be made in detail to embodi-
ments of the present disclosure. The embodiments de-
scribed herein with reference to drawings are explana-
tory, illustrative, and used to generally understand the
present disclosure. The embodiments shall not be con-
strued to limit the present disclosure.

[0019] In the specification, it is to be understood that
terms such as "central," "longitudinal," "lateral," "length,"
"width," "thickness," "upper," "lower," "front," "rear," "left,"
"right," "vertical," "horizontal," "top," "bottom," "inner,"
"outer," "clockwise," and "counterclockwise" should be
construed to refer to the orientation as then described or
as shown in the drawings under discussion. These rela-
tive terms are for convenience of description and do not
require that the present invention be constructed or op-
erated in a particular orientation. In the description of the
presentinvention, "a plurality of" means two or more than
two, unless specified otherwise.

[0020] Inthe presentinvention, unless specified or lim-
ited otherwise, the terms "mounted," "connected," "cou-
pled," "fixed" and the like are used broadly, and may be,
for example, fixed connections, detachable connections,
or integral connections; may also be mechanical or elec-
trical connections; may also be direct connections or in-
direct connections via intervening structures; may also
be inner communications of two elements, which can be
understood by those skilled in the artaccording to specific
situations.

[0021] A clothes dryer 100 according to embodiments
of the presentdisclosure will be described in the following
with reference to Figs. 1-8. The clothes dryer 100 may
be used for drying clothes, towels and the like. It should
be noted herein that, the clothes dryer 100 may be con-
figured to have merely a single drying function, and cer-
tainly the clothes dryer 100 may also be configured to
have drying and washing functions at the same time.
[0022] As shown in Figs. 1-8, the clothes dryer 100
according to embodiments of the present disclosure may
include a casing 4, a drying drum 1 and a heat pump
system. In which, the drying drum 1 and the heat pump
system may be disposed in the casing 4 at the same
time. On one hand, the casing 4 may play a role in sup-
porting the drying drum 1 and the heat pump system, and
on the other hand, the casing 4 may also play a role in
optimizing an appearance of the clothes dryer 100.
[0023] Thedryingdrum 1 is provided with adrying cav-
ity therein, clothes and towels and the like to be dried
may be put in the drying cavity. Specifically, the drying
drum 1 is provided with an air outlet 12 and a return air
inlet 11 which are in communication with the drying cavity.
Air may enter the drying cavity from the return air inlet
11 and flow out of the drying cavity from the air outlet 12.
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[0024] Anairduct?2isdefined between the drying drum
1 and the casing 4. Two ends of the air duct 2 are in
communication with the return air inlet 11 and the air
outlet 12 respectively. Thus, air in the air duct 2 may enter
the drying cavity from the return air inlet 11, so as to dry
the clothes, towels and the like in the drying cavity. Sub-
sequently the airmay be discharged out from the air outlet
12.

[0025] The heat pump system includes a compressor
31, acondenser 32, a throttling element 33, a multi-chan-
nel evaporator 34 and a tube-fin evaporator 35 forming
a circulation loop of refrigerants. Thus, by integrating the
multi-channel evaporator 34 and the tube-fin evaporator
35 with the clothes dryer 100 at the same time, a heat
exchange effect of the evaporator may be improved, so
as to improve drying efficiency of the clothes dryer 100.
[0026] The condenser 32, the multi-channel evapora-
tor 34 and the tube-fin evaporator 35 are disposed in the
air duct 2. In a flowing direction of the air in the air duct
2, the tube-fin evaporator 35 is located upstream of the
multi-channel evaporator 34. Thus, the wet air dis-
charged out from the air outlet 12 may run through the
tube-fin evaporator 35 firstly and exchange heat with the
tube-fin evaporator 35, then continue to flow through the
multi-channel evaporator 34. In this way, the fluff in the
air discharged out from the air outlet 12 accumulates on
the tube-fin evaporator 35 1 not on the multi-channel
evaporator 34, not only the fluff on the tube-fin evaporator
35is easyto clean, but also the multi-channel evaporator
34 is easy to clean, and at the same time the problems,
such as an increase of resistance of heat transfer be-
tween the multi-channel evaporator 34 and the air, a de-
crease of heat transfer coefficient of the multi-channel
evaporator 34, an increase of wind resistance in the air
duct 2 and a decrease of circulation air, caused by the
fluff solidified on the multi-channel evaporator 34 in the
related art are avoided.

[0027] Specifically, the compressor 31 has a gas outlet
311 and a return gas inlet 312. After heat exchange, the
refrigerant may return to the compressor 31 from the re-
turn gas inlet 312, and after being compressed by the
compressor 31, the refrigerant may be discharged out
from the gas outlet 311.

[0028] One end (for example, a left end shown in Figs.
2, 5 and 8) of the condenser 32 is connected to the gas
outlet 311 of the compressor 31, the other end (for ex-
ample, a right end shown in Figs. 2, 5 and 8) of the con-
denser 32 is connected to the throttling element 33. The
refrigerant discharged out from the gas outlet 311 of the
compressor 31 may flow to the condenser 32, and the
refrigerant exchanges heat with the surrounding air in
the condenser 32 so as to raise the temperature of the
surrounding air, subsequently the refrigerant flows to the
throttling element 33 which may throttle the refrigerant
and reduce pressure of the refrigerant.

[0029] As shown in Fig. 1-Fig. 8, the multi-channel
evaporator 34 and the tube-fin evaporator 35 are in par-
allel connection or in series connection. Specifically,
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when the multi-channel evaporator 34 and the tube-fin
evaporator 35 are in series connection, one end (for ex-
ample a right end shown in Fig. 3) of the tube-fin evap-
orator 35 is connected to one end (for example a left end
shown in Fig. 3) of the multi-channel evaporator 34, the
other end (for example the left end shown in Fig. 3) of
the tube-fin evaporator 35 is connected to the return gas
inlet 312, and the other end (for example the right end
shown in Fig. 3) of the multi-channel evaporator 34 is
connected to the throttling element 33. The refrigerant at
a high temperature and high pressure discharged out
from the gas outlet 311 of the compressor 31 may flow
to the condenser 32, and the refrigerant exchanges heat
with the surrounding air in the condenser 32 so as to
raise the temperature of the surrounding air. After heat
exchange, the refrigerant flows to the throttling element
33, and after throttling and pressure reduction by the
throttling element 33, the refrigerant then flows to the
multi-channel evaporator 34 and the tube-fin evaporator
35 in sequence. The refrigerant exchanges heat with the
surrounding air in the multi-channel evaporator 34 and
the tube-fin evaporator 35 so as to condense the water
vapor in the surrounding wet air, and subsequently the
refrigerant returns to the compressor 31 through the re-
turn gas inlet 312 of the compressor 31, so as to form
the refrigerant circulation. The air in the air duct 2 be-
comes hot air after exchanging heat with the condenser
32 and flows into the drying cavity through the return air
inlet 11 so as to dry the clothes, towel and the like in the
drying cavity, the hot air takes the moisture in the clothes,
towel and the like away, becomes wet air and is dis-
charged out from the air outlet 12. The wet air discharged
out from the air outlet 12 firstly runs through the tube-fin
evaporator 35 and exchanges heat with the tube-fin
evaporator 35, and subsequently continues to flow
through the multi-channel evaporator 34 and exchanges
heat with the multi-channel evaporator 34, so as to con-
dense the water vapor in the wet air into the condensed
water, and then the dry air continues to flow to the con-
denser 32, so as to form the circulation in the air duct.

[0030] When the multi-channel evaporator 34 and the
tube-fin evaporator 35 are in parallel connection, the
throttling element 33 is connected to one end (for exam-
ple the right end shown in Fig. 6 and Fig. 8) of the tube-
fin evaporator 35 and one end (for example the right end
shown in Fig. 6 and Fig. 8) of the multi-channel evapo-
rator 34 at the same time, and the return gas inlet 312 is
connected to the other end (for example the left end
shown in Fig. 6 and Fig. 8) of the tube-fin evaporator 35
and the other end (for example the left end shown in Fig.
6 and Fig. 8) of the multi-channel evaporator 34 at the
same time. The refrigerant at a high temperature and
high pressure discharged out from the gas outlet 311 of
the compressor 31 flows to the condenser 32, and the
refrigerant exchanges heat with the surrounding air in
the condenser 32 so as to raise the temperature of the
surrounding air. After heat exchange, the refrigerant
flows to the throttling element 33, and after throttling and
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pressure reduction by the throttling element 33, the re-
frigerant then flows to the multi-channel evaporator 34
and the tube-fin evaporator 35 at the same time. The
refrigerant exchanges heat with the surrounding air in
the multi-channel evaporator 34 and the tube-fin evapo-
rator 35 so as to condense the water vapor in the sur-
rounding wet air, and subsequently the refrigerant is dis-
charged out from the multi-channel evaporator 34 and
the tube-fin evaporator 35 and returns to the compressor
31 through the return gas inlet 312 of the compressor 31,
so as to form the refrigerant circulation. The air in the air
duct 2 becomes hot air after exchanging heat with the
condenser 32 and flows into the drying cavity through
the return air inlet 11 so as to dry the clothes, towel and
the like in the drying cavity, the hot air takes the moisture
in the clothes, towel and the like away, becomes wet air
and is discharged out from the air outlet 12. The wet air
discharged out from the air outlet 12 firstly runs through
the tube-fin evaporator 35 and exchanges heat with the
tube-fin evaporator 35, and subsequently continues to
flow through the multi-channel evaporator 34 and ex-
changes heat with the multi-channel evaporator 34, so
as to condense the water vapor in the wet air, and then
the dry air continues to flow to the condenser 32, so as
to form the circulation in the air duct.

[0031] In the clothes dryer 100 according to embodi-
ments of the present disclosure, the heat pump system
includes the multi-channel evaporator 34 and the tube-
fin evaporator 35 at the same time, the multi-channel
evaporator 34 and the tube-fin evaporator 35 are in par-
allel connection or in series connection, the condenser
32, the multi-channel evaporator 34 and the tube-fin
evaporator 35 are disposed in the air duct 2, moreover
in the flowing direction of the air of the air duct 2, the
tube-fin evaporator 35 is located upstream of the multi-
channel evaporator 34. Thus, by disposing the multi-
channel evaporator 34 and the tube-fin evaporator 35 at
the same time, the heat exchange efficiency of the evap-
orator may be improved, which facilitates improvement
of the working efficiency of the clothes dryer 100. More-
over in the flowing direction of the air of the air duct 2,
the tube-fin evaporator 35 is located upstream of the mul-
ti-channel evaporator 34, thus the wet air discharged out
from the air outlet 12 may firstly run through the tube-fin
evaporator 35 and exchange heat with the tube-fin evap-
orator 35, and then subsequently continue to flow through
the multi-channel evaporator 34. By this way, the fluff in
the air discharged out from the air outlet 12 accumulates
on the tube-fin evaporator 35 not on the multi-channel
evaporator 34, not only the fluff on the tube-fin evaporator
35is easyto clean, but also the multi-channel evaporator
34 is easy to clean, and at the same time the problems,
such as an increase of resistance of heat transfer be-
tween the multi-channel evaporator 34 and the air, a de-
crease of heat transfer coefficient of the multi-channel
evaporator 34, an increase of wind resistance in the air
duct 2 and a decrease of circulation air, caused by the
fluff solidified on the multi-channel evaporator 34 in the
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related art are avoided.

[0032] Specifically, awater container (not shown in the
drawings) may be disposed under the multi-channel
evaporator 34 and the tube-fin evaporator 35, so as to
collect the condensed water generated by the wet air
running through the tube-fin evaporator 35 and the multi-
channel evaporator 34. Furthermore, the clothes dryer
100 also includes a water tank (not shown in the draw-
ings), the water tank is disposed above the tube-fin evap-
orator 35 and the multi-channel evaporator 34. Water in
the water container may flow into the water tank, and
when the multi-channel evaporator 34 and the tube-fin
evaporator 35 need to be cleaned, water in the water
tank may be sprayed on the multi-channel evaporator 34
and the tube-fin evaporator 35 under an action of gravity,
so as to clean the multi-channel evaporator 34 and the
tube-fin evaporator 35.

[0033] In some embodiments of the present disclo-
sure, the clothes dryer 100 further includes a fan 5. The
fan 5 may blow the air in the air duct 2 to the condenser
32 so as to expedite the heat exchange between the con-
denser 32 and the air, so that after heat exchange, the
air can conveniently flow to the drying cavity through the
return airinlet 11, thereby improving the drying efficiency
of the clothes dryer 100.

[0034] According to some embodiments of the present
disclosure, as shown in Fig. 7-Fig. 8, the multi-channel
evaporator 34 and the tube-fin evaporator 35 are in par-
allel connection, the clothes dryer 100 further includes a
resistance element 351 which is in series connection with
the tube-fin evaporator 35 and configured to increase the
flow resistance of the refrigerant. Specifically, when the
multi-channel evaporator 34 and the tube-fin evaporator
35 are in parallel connection, the refrigerant in the multi-
channel evaporator 34 has a flow resistance different
from that in the tube-fin evaporator 35. In general, the
refrigerant in the multi-channel evaporator 34 has a flow
resistance greater than that in the tube-fin evaporator 35,
and as the multi-channel evaporator 34 and the tube-fin
evaporator 35 are in parallel connection, the refrigerant
flux in the multi-channel evaporator 34 is lower. The re-
sistance element 351 is configured to reduce the refrig-
erant flux in the tube-fin evaporator 35, so that the refrig-
erant fluxes in the multi-channel evaporator 34 and the
tube-fin evaporator 35 are equilibrated, thereby further
optimizing the effects of heat exchange in the multi-chan-
nel evaporator 34 and the tube-fin evaporator 35.
[0035] Specifically, the resistance element 351 may be
configured as a capillary tube, a counterbalance valve,
a pressure regulating valve or an electronic expansion
valve, thus the structure is simple and reliable.

[0036] Furthermore, as shown in Fig. 8, the resistance
element 351 is located at an outlet side of the tube-fin
evaporator 35. Certainly, the present disclosure is not
limited to this. In other embodiments, the resistance el-
ement 351 may also be disposed at other positions of
the tube-fin evaporator 35, for example the resistance
element 351 may be located at an inlet side of the tube-



9 EP 3 249 094 A1 10

fin evaporator 35 as long as the resistance element 351
can increase the flow resistance of the refrigerant in the
tube-fin evaporator 35.

[0037] According to some embodiments of the present
disclosure, in the flowing direction of the air in the air
duct, aninlet end of the tube-fin evaporator 35 is located
downstream of an outlet end of the tube-fin evaporator
35, and an inlet end of the multi-channel evaporator 34
is located downstream of an outlet end of the multi-chan-
nel evaporator 34. Thus, both the flowing directions of
the refrigerant in the tube-fin evaporator 35 and in the
multi-channel evaporator 34 are reverse to the flowing
direction of the air in the air duct 2. Specifically, the gen-
eral flowing direction of the refrigerant in the tube-fin
evaporator 35 and in the multi-channel evaporator 34 is
roughly reverse to the general flowing direction of the air
inthe airduct 2, and the flowing direction of the refrigerant
between the multi-channel evaporator 34 and the tube-
fin evaporator 35 is reverse to the flowing direction of the
air in the air duct. For example, the multi-channel evap-
orator 34 includes a plurality of rows of heat exchange
tubes such as flat tubes, and the flowing direction of the
refrigerant among the plurality of rows of heat exchange
tubes is reverse to the flowing direction of the air in the
air duct. The tube-fin evaporator 35 includes a plurality
of rows of heat exchange tubes, and the flowing direction
of the refrigerant among the plurality of rows of heat ex-
change tubes is reverse to the flowing direction of the air
in the air duct, which facilitates improvement of the effect
of heat exchange between the air and the tube-fin evap-
orator 35 and between the air and the multi-channel evap-
orator 34.

[0038] In some embodiments of the present disclo-
sure, the multi-channel evaporator 34 is disposed ob-
liquely with respect to a horizontal plane, so that the multi-
channel evaporator 34 is easy to clean.

[0039] Optionally, the multi-channel evaporator 34 is
configured as a parallel flow multi-channel evaporator 34
or a snakelike multi-channel evaporator 34, thus the
structure is simple and reliable.

[0040] According to some embodiments of the present
disclosure, a distance between a fin and an adjacent fin
ofthe tube-fin evaporator 35 has a value range of 0.5mm-
5mm. Preferably, the distance between the fin and the
adjacent fins of the tube-fin evaporator 35 has a value
range of Tmm-1.5mm.

[0041] Specifically, the fin of the tube-fin evaporator 35
may be configured as a flat fin, a wavy fin, a louvered fin
or a slit fin. Preferably, the fin of the tube-fin evaporator
35 may be configured as a flat fin.

[0042] Optionally, the tube-fin evaporator 35 may have
1-5 rows of the tubes. Preferably, the tube-fin evaporator
35 has 1-2 rows of the tubes.

[0043] It should be noted that, all the other structures
and relevant parameters of the tube-fin evaporator 35
are the prior art, which will not be elaborated herein.
[0044] In some embodiments of the present disclo-
sure, the flat tubes of the multi-channel evaporator 34

10

15

20

25

30

35

40

45

50

55

are disposed at an included angle having a value range
of 60-90° relative to the horizontal plane. Specifically, the
flattubes of the multi-channel evaporator 34 are disposed
at the included angle having the value range of 60-90°
relative to the horizontal plane, and the flat tubes of the
multi-channel evaporator 34 are disposed along a flowing
direction of the air. Optionally, the multi-channel evapo-
rator 34 may have 1-4 rows of flat tubes. Preferably, the
multi-channel evaporator 34 has 2-3 rows of flat tubes.

[0045] Optionally, the flat tube of the multi-channel
evaporator 34 may have a width of 8-30mm. Preferably,
the flat tube of the multi-channel evaporator 34 has the
width of 12-20mm.

[0046] Specifically, the multi-channel evaporator 34 in-
cludes aheader, and the flat pipes are fixed to the header.
Optionally, the header is disposed along the horizontal
direction.

[0047] Optionally, the multi-channel evaporator 34 has
10-18 fins per inch. Preferably, the multi-channel evap-
orator 34 has 12.7 or 14 fins per inch.

[0048] It should be noted that, all the other structures
and relevant parameters of the multi-channel evaporator
34 are the prior art, which will not be elaborated herein.
[0049] The specific structures of the clothes dryer 100
according to embodiments of the present disclosure will
be described in detail in the following with reference to
Figs. 1-8.

Embodiment 1

[0050] As shown in Figs. 1-3, the clothes dryer 100
according to the embodiment of the present disclosure
includes the casing 4, the drying drum 1, the water tank,
the fan 5 and the heat pump system. In which, the drying
drum 1, the fan 5, the water tank and the heat pump
system are all disposed in the casing 4 at the same time.
[0051] Thedrying cavity is disposed in the drying drum
1, and the clothes, towels and the like to be dried may
be put in the drying cavity. Specifically, the drying drum
1 is provided with the air outlet 12 and the return air inlet
11 which are in communication with the drying cavity.
The air may enter the drying cavity from the return air
inlet 11 and flow out of the drying cavity from the air outlet
12.

[0052] The air duct 2 is defined between the drying
drum 1 and the casing 4. Two ends of the air duct 2 are
in communication with the return air inlet 11 and the air
outlet 12 respectively. Thus, the air in the air duct 2 may
enter the drying cavity from the return air inlet 11, so as
to dry the clothes, towels and the like in the drying cavity.
Subsequently the air may be discharged out from the air
outlet 12.

[0053] The heat pump system includes the compres-
sor 31, the condenser 32, the throttling element 33, the
multi-channel evaporator 34 and the tube-fin evaporator
35 forming the circulation loop of refrigerants. Thus, by
integrating the multi-channel evaporator 34 and the tube-
fin evaporator 35 on the clothes dryer 100 at the same
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time, the heat exchange effect of the evaporator may be
improved, being beneficial for improving the drying effi-
ciency of the clothes dryer 100.

[0054] The fan 5, the condenser 32, the multi-channel
evaporator 34 and the tube-fin evaporator 35 are dis-
posed in the air duct 2. In the flowing direction of the air
in the air duct 2, the tube-fin evaporator 35 is located
upstream of the multi-channel evaporator 34. Thus, the
wet air discharged out from the air outlet 12 may run
through the tube-fin evaporator 35 firstly and exchange
heatwith the tube-fin evaporator 35, then continue to flow
through the multi-channel evaporator 34. In this way, the
fluff in the air discharged out from the air outlet 12 accu-
mulates on the tube-fin evaporator 35 not on the multi-
channel evaporator 34, not only the fluff on the tube-fin
evaporator 35 is easy to clean, but also the multi-channel
evaporator 34 is easy to clean, and at the same time the
problems, such as anincrease of resistance of heat trans-
fer between the multi-channel evaporator 34 and the air,
a decrease of heat transfer coefficient of the multi-chan-
nel evaporator 34, an increase of wind resistance in the
air duct 2 and a decrease of circulation air, caused by
the fluff that is solidified on the multi-channel evaporator
34 in the related art are avoided..

[0055] Specifically, the compressor 31 has the gas out-
let 311 and the return gas inlet 312. After heat exchange,
the refrigerant may return to the compressor 31 from the
return gas inlet 312, and after compression by the com-
pressor 31, the refrigerant may be discharged out from
the gas outlet 311.

[0056] One end of the condenser 32 is connected to
the gas outlet 311 of the compressor 31, the other end
ofthe condenser 32 is connected to the throttling element
33, thus, the refrigerant discharged out from the gas out-
let 311 of the compressor 31 may flow to the condenser
32, and the refrigerant exchanges heat with the surround-
ing air in the condenser 32 so as to raise the temperature
of the surrounding air, subsequently the refrigerant flows
to the throttling element 33 which throttles the refrigerant
and reduces the pressure of the refrigerant.

[0057] AsshowninFig.3,the multi-channel evaporator
34 and the tube-fin evaporator 35 are in series connec-
tion. Specifically, one end of the tube-fin evaporator 35
is connected to one end of the multi-channel evaporator
34, the other end of the tube-fin evaporator 35 is con-
nected to the return gas inlet 312, and the other end of
the multi-channel evaporator 34 is connected to the throt-
tling element 33. The refrigerant at a high temperature
and high pressure discharged out from the gas outlet 311
of the compressor 31 flows to the condenser 32, and the
refrigerant exchanges heat with the surrounding air in
the condenser 32 so as to raise the temperature of the
surrounding air. After heat exchange, the refrigerant
flows to the throttling element 33, and after throttling and
pressure reduction by the throttling element 33, the re-
frigerant then flows to the multi-channel evaporator 34
and the tube-fin evaporator 35 in sequence. The refrig-
erant exchanges heat with the surrounding air in the mul-
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ti-channel evaporator 34 and the tube-fin evaporator 35
so as to condense the water vapor in the surrounding
wet air, and subsequently the refrigerant returns to the
compressor 31 through the return gas inlet 312 of the
compressor 31, so as to form the refrigerant circulation.
The air in the air duct 2 becomes hot air after exchanging
heat with the condenser 32 and flows into the drying cav-
ity through the return air inlet 11 so as to dry the clothes,
towels and the like in the drying cavity, the hot air takes
the moisture in the clothes, towels and the like away and
becomes the wet air which is discharged out from the air
outlet 12. The wet air discharged out from the air outlet
12 firstly runs through the tube-fin evaporator 35 and ex-
changes heat with the tube-fin evaporator 35, and sub-
sequently continues to flow through the multi-channel
evaporator 34 and exchanges heat with the multi-channel
evaporator 34, so as to condense the water vapor in the
wet air into the condensed water, and then the dry air
continues to flow to the condenser 32, so as to form the
circulation in the air duct.

[0058] Specifically, the water container (not shown in
the drawings) is disposed under the multi-channel evap-
orator 34 and the tube-fin evaporator 35, so as to collect
the condensed water generated by the wet air running
through the tube-fin evaporator 35 and the multi-channel
evaporator 34. The water tank is disposed above the
tube-fin evaporator 35 and the multi-channel evaporator
34. Water in the water container may flow into the water
tank, and when the multi-channel evaporator 34 and the
tube-fin evaporator 35 need to be cleaned, water in the
water tank may be sprayed on the multi-channel evapo-
rator 34 and the tube-fin evaporator 35 under the action
of gravity, so as to clean the multi-channel evaporator 34
and the tube-fin evaporator 35.

[0059] The fan 5 may blow the air in the air duct 2 to
the condenser 32 so as to expedite the heat exchange
between the condenser 32 and the air, so that after heat
exchange, the air can conveniently flow to the drying cav-
ity through the return air inlet 11, thereby improving the
drying efficiency of the clothes dryer 100.

[0060] Specifically, both the flowing directions of the
refrigerant in the tube-fin evaporator 35 and in the multi-
channel evaporator 34 are reverse to the flowing direction
of the air in the air duct 2, which facilitates improvement
of the effect of the heat exchange between the air and
the tube-fin evaporator 35 and between the air and the
multi-channel evaporator 34.

[0061] The multi-channel evaporator 34 is disposed
obliquely with respect to the horizontal plane, so that the
multi-channel evaporator 34 is easy to clean.

[0062] Specifically, the multi-channel evaporator 34 is
configured as the parallel flow multi-channel evaporator
34 or the snakelike multi-channel evaporator 34, thus the
structure is simple and reliable.

Embodiment 2

[0063] As shown in Figs. 4-6, the clothes dryer 100
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according to the embodiment of the present disclosure
includes the casing 4, the drying drum 1, the water tank,
the fan 5 and the heat pump system. In which, the drying
drum 1, the fan 5, the water tank and the heat pump
system are all disposed in the casing 4 at the same time.
[0064] The drying cavity is disposed in the drying drum
1, and the clothes, towels and the like to be dried may
be put in the drying cavity. Specifically, the drying drum
1 is provided with the air outlet 12 and the return air inlet
11 which are in communication with the drying cavity.
The air may enter the drying cavity from the return air
inlet 11 and flow out of the drying cavity from the air outlet
12.

[0065] The air duct 2 is defined between the drying
drum 1 and the casing 4. Two ends of the air duct 2 are
in communication with the return air inlet 11 and the air
outlet 12 respectively. Thus, the air in the air duct 2 may
enter the drying cavity from the return air inlet 11, so as
to dry the clothes, towels and the like in the drying cavity.
Subsequently the air may be discharged out from the air
outlet 12.

[0066] The heat pump system includes the compres-
sor 31, the condenser 32, the throttling element 33, the
multi-channel evaporator 34 and the tube-fin evaporator
35 forming the circulation loop of refrigerants. Thus, by
integrating the multi-channel evaporator 34 and the tube-
fin evaporator 35 on the clothes dryer 100 at the same
time, the heat exchange effect of the evaporator may be
improved, being beneficial for improving the drying effi-
ciency of the clothes dryer 100.

[0067] The fan 5, the condenser 32, the multi-channel
evaporator 34 and the tube-fin evaporator 35 are dis-
posed in the air duct 2. In the flowing direction of the air
in the air duct 2, the tube-fin evaporator 35 is located
upstream of the multi-channel evaporator 34. Thus, the
wet air discharged out from the air outlet 12 may run
through the tube-fin evaporator 35 firstly and exchange
heatwith the tube-fin evaporator 35, then continue to flow
through the multi-channel evaporator 34. In this way, the
fluff in the air discharged out from the air outlet 12 accu-
mulates on the tube-fin evaporator 35 not on the multi-
channel evaporator 34, not only the fluff on the tube-fin
evaporator 35 is easy to clean, but also the multi-channel
evaporator 34 is easy to clean, and at the same time the
problems, such as anincrease of resistance of heat trans-
fer between the multi-channel evaporator 34 and the air,
a decrease of heat transfer coefficient of the multi-chan-
nel evaporator 34, an increase of wind resistance in the
air duct 2 and a decrease of circulation air, caused by
the fluff that is solidified on the multi-channel evaporator
34 in the related art are avoided..

[0068] Specifically, the compressor 31 has the gas out-
let 311 and the return gas inlet 312. After heat exchange,
the refrigerant may return to the compressor 31 from the
return gas inlet 312, and after compression by the com-
pressor 31, the refrigerant may be discharged out from
the gas outlet 311.

[0069] One end of the condenser 32 is connected to
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the gas outlet 311 of the compressor 31, the other end
of the condenser 32 is connected to the throttling element
33, thus, the refrigerant discharged out from the gas out-
let 311 of the compressor 31 may flow to the condenser
32, and the refrigerant exchanges heat with the surround-
ing air in the condenser 32 so as to raise the temperature
of the surrounding air, subsequently the refrigerant flows
to the throttling element 33 which throttles the refrigerant
and reduces the pressure of the refrigerant.

[0070] AsshowninFig.6,the multi-channel evaporator
34 and the tube-fin evaporator 35 are in parallel connec-
tion. Specifically, the throttling element 33 is connected
to one end of the tube-fin evaporator 35 and one end of
the multi-channel evaporator 34 at the same time, and
the return gas inlet 312 is connected to the other end of
the tube-fin evaporator 35 and the other end of the multi-
channel evaporator 34 at the same time. The refrigerant
at high temperature and high pressure discharged out
from the gas outlet 311 of the compressor 31 flows to the
condenser 32, and the refrigerant exchanges heat with
the surrounding air in the condenser 32 so as to raise
the temperature of the surrounding air. After heat ex-
change, the refrigerant flows to the throttling element 33,
and after throttling and pressure reduction by the throt-
tling element 33, the refrigerant then flows to the multi-
channel evaporator 34 and the tube-fin evaporator 35 at
the same time. The refrigerant exchanges heat with the
surrounding air in the tube-fin evaporator 35 and the mul-
ti-channel evaporator 34 so as to condense the water
vapor in the surrounding wet air, and subsequently the
refrigerant is discharged out from the tube-fin evaporator
35 and the multi-channel evaporator 34 and returns to
the compressor 31 through the return gas inlet 312 of the
compressor 31, so as to form the refrigerant circulation.
The air in the air duct 2 becomes hot air after exchanging
heat with the condenser 32 and flows into the drying cav-
ity through the return air inlet 11 so as to dry the clothes,
towels and the like in the drying cavity, the hot air takes
the moisture in the clothes, towels and the like away and
becomes wet air which is discharged out from the air
outlet 12. The wet air discharged out from the air outlet
12 firstly runs through the tube-fin evaporator 35 and ex-
changes heat with the tube-fin evaporator 35, and sub-
sequently continues to flow through the multi-channel
evaporator 34 and exchanges heat with the multi-channel
evaporator 34, so as to condense the water vapor in the
wet air, and then the dry air continues to flow to the con-
denser 32, so as to form the circulation in the air duct.
[0071] Specifically, the water container (not shown in
the drawings) is disposed under the multi-channel evap-
orator 34 and the tube-fin evaporator 35, so as to collect
the condensed water generated by the wet air running
through the tube-fin evaporator 35 and the multi-channel
evaporator 34. The water tank is disposed above the
tube-fin evaporator 35 and the multi-channel evaporator
34. Water in the water container may flow into the water
tank, and when the multi-channel evaporator 34 and the
tube-fin evaporator 35 need to be cleaned, water in the
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water tank may be sprayed on the multi-channel evapo-
rator 34 and the tube-fin evaporator 35 under the action
of gravity, so as to clean the multi-channel evaporator 34
and the tube-fin evaporator 35.

[0072] The fan 5 may blow the air in the air duct 2 to
the condenser 32 so as to expedite the heat exchange
between the condenser 32 and the air, so that after heat
exchange, the air can conveniently flow to the drying cav-
ity through the return air inlet 11, thereby improving the
drying efficiency of the clothes dryer 100.

[0073] Specifically, both the flowing directions of the
refrigerant in the tube-fin evaporator 35 and in the multi-
channel evaporator 34 are reverse to the flowing direction
of the air in the air duct 2, which facilitates improvement
of the effect of the heat exchange between the air and
the tube-fin evaporator 35 and between the air and the
multi-channel evaporator 34.

[0074] The multi-channel evaporator 34 is disposed
obliquely with respect to the horizontal plane, so that the
multi-channel evaporator 34 is easy to clean.

[0075] Specifically, the multi-channel evaporator 34 is
configured as the parallel flow multi-channel evaporator
34 or the snakelike multi-channel evaporator 34, thus the
structure is simple and reliable.

Embodiment 3

[0076] As shown in Figs. 7-8, the clothes dryer 100
according to the embodiment of the present disclosure
includes the casing 4, the drying drum 1, the water tank,
the fan 5, the resistance element 351 and the heat pump
system. In which, the drying drum 1, the fan 5, the water
tank and the heat pump system are all disposed in the
casing 4 at the same time.

[0077] Thedrying cavity is disposed in the drying drum
1, and the clothes, towels and the like to be dried may
be put in the drying cavity. Specifically, the drying drum
1 is provided with the air outlet 12 and the return air inlet
11 which are in communication with the drying cavity.
The air may enter the drying cavity from the return air
inlet 11 and flow out of the drying cavity from the air outlet
12.

[0078] The air duct 2 is defined between the drying
drum 1 and the casing 4. Two ends of the air duct 2 are
in communication with the return air inlet 11 and the air
outlet 12 respectively. Thus, the air in the air duct 2 may
enter the drying cavity from the return air inlet 11, so as
to dry the clothes, towels and the like in the drying cavity.
Subsequently the air may be discharged out from the air
outlet 12.

[0079] The heat pump system includes the compres-
sor 31, the condenser 32, the throttling element 33, the
multi-channel evaporator 34 and the tube-fin evaporator
35 forming the circulation loop of refrigerants. Thus, by
integrating the multi-channel evaporator 34 and the tube-
fin evaporator 35 on the clothes dryer 100 at the same
time, the heat exchange effect of the evaporator may be
improved, being beneficial for improving the drying effi-
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ciency of the clothes dryer 100.

[0080] The fan 5, the condenser 32, the multi-channel
evaporator 34 and the tube-fin evaporator 35 are dis-
posed in the air duct 2. In the flowing direction of the air
in the air duct 2, the tube-fin evaporator 35 is located
upstream of the multi-channel evaporator 34. Thus, the
wet air discharged out from the air outlet 12 may run
through the tube-fin evaporator 35 firstly and exchange
heat with the tube-fin evaporator 35, then continue to flow
through the multi-channel evaporator 34. In this way, the
fluff in the air discharged out from the air outlet 12 accu-
mulates on the tube-fin evaporator 35 not on the multi-
channel evaporator 34, not only the fluff on the tube-fin
evaporator 35 is easy to clean, but also the multi-channel
evaporator 34 is easy to clean, and at the same time the
problems, such as anincrease of resistance of heattrans-
fer between the multi-channel evaporator 34 and the air,
a decrease of heat transfer coefficient of the multi-chan-
nel evaporator 34, an increase of wind resistance in the
air duct 2 and a decrease of circulation air, caused by
the fluff that is solidified on the multi-channel evaporator
34 in the related art are avoided..

[0081] Specifically, the compressor 31 has the gas out-
let 311 and the return gas inlet 312. After heat exchange,
the refrigerant may return to the compressor 31 from the
return gas inlet 312, and after compression by the com-
pressor 31, the refrigerant may be discharged out from
the gas outlet 311.

[0082] One end of the condenser 32 is connected to
the gas outlet 311 of the compressor 31, the other end
of the condenser 32 is connected to the throttling element
33, thus, the refrigerant discharged out from the gas out-
let 311 of the compressor 31 may flow to the condenser
32, and the refrigerant exchanges heat with the surround-
ing air in the condenser 32 so as to raise the temperature
of the surrounding air, subsequently the refrigerant flows
to the throttling element 33 which throttles the refrigerant
and reduces the pressure of the refrigerant.

[0083] AsshowninFig.8,the multi-channel evaporator
34 and the tube-fin evaporator 35 are in parallel connec-
tion. Specifically, the throttling element 33 is connected
to one end of the tube-fin evaporator 35 and one end of
the multi-channel evaporator 34 at the same time, and
the return gas inlet 312 is connected to the other end of
the tube-fin evaporator 35 and the other end of the multi-
channel evaporator 34 at the same time. The refrigerant
at high temperature and high pressure discharged out
from the gas outlet 311 of the compressor 31 flows to the
condenser 32, and the refrigerant exchanges heat with
the surrounding air in the condenser 32 so as to raise
the temperature of the surrounding air. After heat ex-
change, the refrigerant flows to the throttling element 33,
and after throttling and pressure reduction by the throt-
tling element 33, the refrigerant then flows to the tube-
fin evaporator 35 and the multi-channel evaporator 34 at
the same time. The refrigerant exchanges heat with the
surrounding air in the tube-fin evaporator 35 and the mul-
ti-channel evaporator 34 so as to condense the water



17 EP 3 249 094 A1 18

vapor in the surrounding wet air, and subsequently the
refrigerant is discharged out from the tube-fin evaporator
35 and the multi-channel evaporator 34 and returns to
the compressor 31 through the return gas inlet 312 of the
compressor 31, so as to form the refrigerant circulation.
The air in the air duct 2 becomes hot air after exchanging
heat with the condenser 32 and flows into the drying cav-
ity through the return air inlet 11 so as to dry the clothes,
towels and the like in the drying cavity, the hot air takes
the moisture in the clothes, towels and the like away and
becomes wet air which is discharged out from the air
outlet 12. The wet air discharged out from the air outlet
12 firstly runs through the tube-fin evaporator 35 and ex-
changes heat with the tube-fin evaporator 35, and sub-
sequently continues to flow through the multi-channel
evaporator 34 and exchanges heat with the multi-channel
evaporator 34, so as to condense the water vapor in the
wet air, and then the dry air continues to flow to the con-
denser 32, so as to form the circulation in the air duct.
[0084] Theresistance element 351 isin series connec-
tion with the tube-fin evaporator 35 so as to increase the
flow resistance of the refrigerant. As shown in Fig. 8, the
resistance element 351 is located at the outlet side of the
tube-fin evaporator 35. Specifically, when the multi-chan-
nel evaporator 34 and the tube-fin evaporator 35 are in
parallel connection, the refrigerant in the multi-channel
evaporator 34 has a flow resistance different from thatin
the tube-fin evaporator 35. In general, the refrigerant in
the multi-channel evaporator 34 has a flow resistance
greater than that in the tube-fin evaporator 35, and as
the multi-channel evaporator 34 and the tube-fin evapo-
rator 35 are in parallel connection, the refrigerant flux in
the multi-channel evaporator 34 is lower. The resistance
element 351 is configured to reduce the refrigerant flux
in the tube-fin evaporator 35, so that the refrigerant fluxes
in the multi-channel evaporator 34 and the tube-fin evap-
orator 35 are equilibrated, thereby further optimizing the
effects of heat exchange in the multi-channel evaporator
34 and the tube-fin evaporator 35.

[0085] Specifically, the resistance element 351 is con-
figured as a capillary tube, a counterbalance valve, a
pressure regulating valve or an electronic expansion
valve, thus the structure is simple and reliable.

[0086] Specifically, the water container (not shown in
the drawings) is disposed under the multi-channel evap-
orator 34 and the tube-fin evaporator 35, so as to collect
the condensed water generated by the wet air running
through the tube-fin evaporator 35 and the multi-channel
evaporator 34. The water tank is disposed above the
tube-fin evaporator 35 and the multi-channel evaporator
34. Water in the water container may flow into the water
tank, and when the multi-channel evaporator 34 and the
tube-fin evaporator 35 need to be cleaned, water in the
water tank may be sprayed on the multi-channel evapo-
rator 34 and the tube-fin evaporator 35 under the action
of gravity, so as to clean the multi-channel evaporator 34
and the tube-fin evaporator 35.

[0087] The fan 5 may blow the air in the air duct 2 to
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the condenser 32 so as to expedite the heat exchange
between the condenser 32 and the air, so that after heat
exchange, the air can conveniently flow to the drying cav-
ity through the return air inlet 11, thereby improving the
drying efficiency of the clothes dryer 100.

[0088] Specifically, both the flowing directions of the
refrigerant in the tube-fin evaporator 35 and in the multi-
channel evaporator 34 are reverse to the flowing direction
of the air in the air duct 2, which facilitates improvement
of the effect of the heat exchange between the air and
the tube-fin evaporator 35 and between the air and the
multi-channel evaporator 34.

[0089] The multi-channel evaporator 34 is disposed
obliquely with respect to the horizontal plane, so that the
multi-channel evaporator 34 is easy to clean.

[0090] Specifically, the multi-channel evaporator 34 is
configured as the parallel flow multi-channel evaporator
34 or the snakelike multi-channel evaporator 34, thus the
structure is simple and reliable.

[0091] Inthe presentinvention, unless specified or lim-
ited otherwise, a structure in which a first feature is "on"
or "below" a second feature may include an embodiment
in which the first feature is in direct contact with the sec-
ond feature, and may also include an embodiment in
which the first feature and the second feature are not in
direct contact with each other, but are contacted via an
additional feature formed therebetween. Furthermore, a
first feature "on," "above," or "on top of" a second feature
may include an embodiment in which the first feature is
right or obliquely "on," "above," or "on top of" the second
feature, or just means that the first feature is at a height
higher than that of the second feature; while afirstfeature
"below," "under," or "on bottom of" a second feature may
include an embodiment in which the first feature is right
or obliquely "below," "under," or "on bottom of" the sec-
ond feature, or just means that the first feature is at a
height lower than that of the second feature.

[0092] Reference throughout this specification to "an
embodiment," "some embodiments," "one embodiment",
"another example," "an example," "a specific example,"
or "some examples," means that a particular feature,
structure, material, or characteristic described in connec-
tion with the embodiment or example is included in at
least one embodiment or example of the present disclo-
sure. Thus, the appearances of the phrases such as "in

some embodiments," "in one embodiment", "in an em-
bodiment", "in another example," "in an example," "in a
specificexample," or "insome examples," in various plac-
es throughout this specification are not necessarily re-
ferring to the same embodiment or example of the
present disclosure. Furthermore, the particular features,
structures, materials, or characteristics may be com-
bined in any suitable manner in one or more embodi-
ments or examples.

[0093] Although explanatory embodiments have been
shown and described, it would be appreciated by those
skilled in the art that the above embodiments cannot be
construed to limit the present disclosure, and changes,



19 EP 3 249 094 A1 20

alternatives, and modifications can be made in the em-
bodiments without departing from spirit, principles and
scope of the present disclosure.

Claims

1.

A clothes dryer (100) comprising:

a casing (4);

a drying drum (1) provided with a drying cavity
therein and provided with an air outlet (12) and
areturnairinlet (11) which are in communication
with the drying cavity, wherein the drying drum
(1) is disposed in the casing (4) and an air duct
(2) is defined between the drying drum (1) and
the casing (4), and two ends of the air duct (2)
are incommunication with the return airinlet (11)
and the air outlet (12) respectively;

a heat pump system, disposed in the casing (4),
comprising a compressor (31), a condenser
(32), a throttling element (33), a multi-channel
evaporator (34) and a tube-fin evaporator (35)
which form a circulation loop of a refrigerant,
wherein the multi-channel evaporator (34) and
the tube-fin evaporator (35) are in parallel con-
nection or in series connection, and the con-
denser (32), the multi-channel evaporator (34)
and the tube-fin evaporator (35) are disposed in
the air duct, and in a flowing direction of air in
the air duct (2), the tube-fin evaporator (35) is
located upstream of the multi-channel evapora-
tor (34).

The clothes dryer (100) according to claim 1, wherein
the multi-channel evaporator (34) and the tube-fin
evaporator (35) are in parallel connection, and the
clothes dryer (100) further comprises a resistance
element (351) in series connection with the tube-fin
evaporator (35) and configured to increase a flow
resistance of the refrigerant.

The clothes dryer (100) according to claim 2, wherein
the resistance element (351) is configured as a cap-
illary tube, a counterbalance valve, a pressure reg-
ulating valve or an electronic expansion valve.

The clothes dryer (100) according to claim 2 or 3,
wherein the resistance element (351) is located at
an outlet side or an inlet side of the tube-fin evapo-
rator (35).

The clothes dryer according to any one of claims 1-4,
wherein aflowing direction of the refrigerant between
the multi-channel evaporator (34) and the tube-fin
evaporator (35) is reverse to a flowing direction of
the air in the air duct (2), and the multi-channel evap-
orator (34) comprises a plurality of rows of heat ex-
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1"

10.

1.

12.

13.

14.

15.

change tubes, optionally flat tubes, a flowing direc-
tion of the refrigerant between the plurality of rows
of heat exchange tubes is reverse to the flowing di-
rection of the air in the air duct.

The clothes dryer (100) according to any one of
claims 1-5, wherein the multi-channel evaporator
(34) is disposed obliquely with respect to a horizontal
plane.

The clothes dryer (100) according to any one of
claims 1-6, wherein the multi-channel evaporator
(34) is configured as a parallel flow multi-channel
evaporator (34) or a snakelike multi-channel evap-
orator.

The clothes dryer (100) according to any one of
claims 1-7, wherein a distance between a fin and an
adjacent fin of the tube-fin evaporator (35) has a val-
ue range of 0.5mm-5mm, preferably 1-1.5mm.

The clothes dryer (100) according to claim 6, wherein
the flat tubes of the multi-channel evaporator (34)
are disposed at an included angle having a value
range of 60-90° relative to the horizontal plane, and
particularly the flat tubes of the multi-channel evap-
orator (34) are disposed along a flowing direction of
the air.

The clothes dryer (100) according to any one of
claims 1-9, wherein a flat tube of the multi-channel
evaporator (34) has a width of 8-30mm, preferably
12-20mm.

The clothes dryer (100) according to any one of
claims 1-10, wherein the tube-fin evaporator (35) has
1-5 rows, preferably 1-2 rows, of tubes.

The clothes dryer (100) according to any one of
claims 1-11, wherein the multi-channel evaporator
(34) has 1-4 rows, preferably 2-3 rows, of flat tubes.

The clothes dryer (100) according to any one of
claims 1-12, wherein the multi-channel evaporator
(34) comprises a header, and the flat pipes are fixed
to the header, optionally, the header is disposed
along the horizontal direction.

The clothes dryer (100) according to any one of
claims 1-13, wherein the multi-channel evaporator
(34) has 10-18 fins, preferably 12.7 or 14, per inch.

The clothes dryer (100) according to any one of
claims 1-14, further comprising:

a fan (5);
a water container disposed under the multi-
channel evaporator (34) and the tube-fin evap-
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orator (35); and

a water tank disposed above the tube-fin evap-
orator (35) and the multi-channel evaporator
(34).
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