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(54) Dehumidifying and heating apparatus and clothes drying machine using the same

(57) A clothes drying machine of the present inven-
tion includes heat pump device having compressor (2),
condenser (3) having heat radiator (7) and heat ex-
hauster (8), expansion portion (4), and evaporator (5),
first air passage (9) which is provided therein with first
blowing portion (10) which blows air into the heat radiator
and the evaporator, the heat radiator, and the evaporator

and heats and dehumidifies the air blown by the first blow-
ing portion, and second air passage (11) which is provid-
ed therein with second blowing portion (12) which blows
air into the heat exhauster and the heat exhauster, sucks
outside air by means of the second blowing portion, and
exhausts part of heat in the condenser to the outside with
the heat exhauster, wherein the heat radiator and the
heat exhauster of the condenser are integrally provided.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a dehumidify-
ing and heating apparatus using a heat pump device and
a clothes drying machine having the apparatus.

2. Description of the Related Art

[0002] A conventional clothes drying machine having
a dehumidifying and heating apparatus is disclosed, e.g.,
in Unexamined Japanese Patent Publication No.
2004-239549 (hereinafter referred to as "Patent Litera-
ture 1").
[0003] Hereinafter, a configuration of the conventional
clothes drying machine described in Patent Literature 1
will be described with reference to Fig. 7.
[0004] Fig. 7 is a schematic diagram of the conven-
tional clothes drying machine having the dehumidifying
and heating apparatus.
[0005] As shown in Fig. 7, the conventional clothes
drying machine having the dehumidifying and heating
apparatus includes drying chamber 59 accommodating
laundry such as clothes, and dehumidifying and heating
apparatus 50. Dehumidifying and heating apparatus 50
includes heat pump device 57, air passage 58, and de-
tection portion 62, and blows air into drying chamber 59
via air passage 58 coupled to drying chamber 59.
[0006] Heat pump device 57 includes compressor 51,
condenser 52, heat exhauster 53 provided in air passage
60, expansion portion 54, and evaporator 55, and is cou-
pled to conduit line 56 so as to circulate a refrigerant. Air
passage 58 flowing the air is provided with condenser 52
heating the air, and evaporator 55 cooling and dehumid-
ifying the air.
[0007] Heat exhauster 53 provided in air passage 60
is provided between condenser 52 and expansion portion
54, and exchanges heat of outside air blown by means
of blower 61 and heat of the refrigerant flowing through
heat exhauster 53. With this, part of the heat of the re-
frigerant is discharged to an outside of heat pump device
57, thereby reducing temperature increase of the refrig-
erant.
[0008] Detection portion 62 detects a refrigerant dis-
charge temperature by means of thermistor 63 provided
on conduit line 56 of heat pump device 57, which is dis-
charged by the refrigerant from compressor 51, and con-
trols compressor 51 and blower 61 based on a detection
result.
[0009] Next, an operation of the clothes drying ma-
chine configured as above will be described below. It
should be noted that arrow A of Fig. 7 indicates a flow
direction of the air flowing in air passage 58, arrow B
indicates a flow direction of the outside air for cooling
flowing in air passage 60, and arrow C indicates a flow

direction of the refrigerant flowing in conduit line 56.
[0010] First, when the clothes drying machine starts a
drying operation, compressor 51 and blower 64 provided
in air passage 58 are operated. Then, the air is circulat-
ably blown into air passage 58 by means of blower 64.
[0011] Next, the air is heated by heat release from con-
denser 52, and becomes hot air so as to be introduced
into drying chamber 59. Then, the air introduced into dry-
ing chamber 59 is brought into contact with clothes in
drying chamber 59, and takes moisture from the wet
clothes to dry the clothes.
[0012] At this time, the air provides an amount of heat
for evaporating moisture contained in the clothes as sen-
sible so as to become cooler. Then, the air contains water
vapor having latent heat substantially equivalent to this
sensible heat so as to have high-humidity air. And, an
enthalpy of the air before and after the air is brought into
contact with the clothes is substantially constant. The
high-humidity air is cooled in evaporator 55 for the latent
heat to be taken, and is condensed to be dehumidified.
Thereafter, the air which is dehumidified and becomes
cooler is heated in condenser 52 again.
[0013] On the other hand, in heat pump device 57, the
high-temperature and high-pressure refrigerant com-
pressed in compressor 51 has its heat taken by the air
in condenser 52, and is condensed and liquefied. The
refrigerant which exits from condenser 52 enters heat
exhauster 53, and is exchanged heat with the outside air
blown by means of blower 61, thereby exhausting part
of the heat of the refrigerant.
[0014] Next, the high-pressure refrigerant is reduced
pressure by means of expansion portion 54 so as to have
a low temperature and a low pressure, and takes heat
from the air in evaporator 55 to return to compressor 51.
[0015] Then, an amount of heat in which an amount of
heat taken in evaporator 55 with the refrigerant is added
with an amount of heat obtained by compression in com-
pressor 51 is released from condenser 52. Accordingly,
heat exhauster 53 is additionally provided in air passage
60 for exhausting heat, and previously exhausts an
amount of heat corresponding to an input of compressor
51 to the outside, thereby balancing the amount of heat
release from condenser 52 and the amount of heat taken
in evaporator 55 at a fixed value. Therefore, the conven-
tional clothes drying machine additionally requires piping
which couples condenser 52 to heat exhauster 53, and
piping which couples heat exhauster 53 to expansion por-
tion 54. As a result, heat pump device 57 is made larger,
so that dehumidifying and heating apparatus 50 is also
made larger.

SUMMARY OF THE INVENTION

[0016] A dehumidifying and heating apparatus of the
present invention includes a heat pump device having a
compressor, a condenser having a heat radiator and a
heat exhauster, an expansion portion, and an evaporator,
a first air passage which is provided therein with a first
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blowing portion which blows air into the heat radiator and
the evaporator, the heat radiator and the evaporator and
heats and dehumidifies the air blown by the first blowing
portion, and a second air passage which is provided
therein with a second blowing portion which blows air
into the heat exhauster, and the heat exhauster, sucks
outside air by means of the second blowing portion, and
exhausts part of heat in the condenser to the outside with
the heat exhauster, wherein the heat radiator and the
heat exhauster of the condenser are integrally provided.
[0017] Thereby, part of the condenser is used as the
heat exhauster, so that the dehumidifying and heating
apparatus can be made smaller.

BRIEF DESCRIPTION OF DRAWINGS

[0018]

Fig. 1 shows a schematic diagram of a clothes drying
machine having a dehumidifying and heating appa-
ratus according to a first exemplary embodiment of
the present invention;
Fig. 2 shows a partial schematic diagram of the de-
humidifying and heating apparatus according to the
first exemplary embodiment of the present invention;
Fig. 3 shows a perspective view of a condenser of
the dehumidifying and heating apparatus according
to the first exemplary embodiment of the present in-
vention;
Fig. 4 shows a perspective view of the condenser
showing another example of the dehumidifying and
heating apparatus according to the first exemplary
embodiment of the present invention;
Fig. 5 shows a partial schematic diagram showing
another example of the dehumidifying and heating
apparatus according to the first exemplary embodi-
ment of the present invention;
Fig. 6 shows a perspective view of the condenser of
the dehumidifying and heating apparatus according
to a second exemplary embodiment of the present
invention; and
Fig. 7 shows a schematic diagram of a conventional
clothes drying machine having a dehumidifying and
heating apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0019] Hereinafter, exemplary embodiments of the
present invention will be described with reference to the
drawings. It should be noted that the present invention
is not limited by the embodiments.

FIRST EXEMPLARY EMBODIMENT

[0020] Fig. 1 is a schematic diagram of a clothes drying
machine having a dehumidifying and heating apparatus
according to a first exemplary embodiment of the present

invention. Fig. 2 is a partial schematic diagram of the
dehumidifying and heating apparatus. It should be noted
that in the following drawings, arrow A indicates a flow
direction of air flowing in first air passage 9, arrow B in-
dicates a flow direction of outside air for cooling flowing
in second air passage 11, and arrow C indicates a flow
direction of a refrigerant flowing in conduit line 6.
[0021] As shown in Fig. 1, the clothes drying machine
includes drying chamber 14 accommodating laundry
such as clothes, and dehumidifying and heating appara-
tus 16 coupled to drying chamber 14 via first air passage
9.
[0022] As shown in Figs. 1 and 2, dehumidifying and
heating apparatus 16 includes heat pump device 1, first
air passage 9, and second air passage 11.
[0023] Heat pump device 1 includes compressor 2,
condenser 3, expansion portion 4, evaporator 5, and con-
duit line 6. Conduit line 6 in which the refrigerant circu-
lates is coupled to compressor 2, condenser 3, expansion
portion 4, and evaporator 5 of heat pump device 1. Com-
pressor 2 compresses the refrigerant. Condenser 3 have
heat radiator 7 and heat exhauster 8, heat radiator 7 and
heat exhauster 8 being adjacently integrally provided.
Heat radiator 7 heat the passing air by exchanging heat
with the compressed refrigerant having a high tempera-
ture and a high pressure. Heat exhauster 8 exhausts part
of the heat of the refrigerant of condenser 3. Expansion
portion 4 includes, e.g., a capillary tube, and reduces a
pressure of the high-pressure refrigerant. Evaporator 5
takes heat from the passing air by exchanging heat with
the refrigerant which is reduced pressure so as to have
a low pressure. Thereby, the passing air is dehumidified.
[0024] First air passage 9 is provided therein with
evaporator 5, heat radiator 7 of condenser 3, and first
blowing portion 10. The air blown by first blowing portion
10 in the direction indicated by arrow A is dehumidified
when passing through evaporator 5, and thereafter, is
heated when passing through heat radiator 7. In addition,
second air passage 11 formed adjacent to first air pas-
sage 9 is provided therein with heat exhauster 8 of con-
denser 3 and second blowing portion 12. And, the outside
air sucked by second blowing portion 12 in the direction
indicated by arrow B exhausts part of heat in condenser
3 to the outside with heat exhauster 8. In other words, in
dehumidifying and heating apparatus 16 of this embod-
iment, with one part of condenser 3 as heat radiator 7
and with the other part as heat exhauster 8, heat radiator
7 and heat exhauster 8 are integrated to configure con-
denser 3. Thereby, any separated heat exhausters as in
the conventional art are not required to be provided, and
any piping for heat exhauster connection is not required.
As a result, dehumidifying and heating apparatus 16 can
be made smaller.
[0025] Further, as shown in Fig. 2, partitioning plate
13 may be provided between heat radiator 7 and heat
exhauster 8 to separate adjacent first air passage 9 and
second air passage 11. At this time, partitioning plate 13
may part of first air passage 9 or second air passage 11.
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Thereby, mixing of the air flowing in first air passage 9
with the outside air for cooling flowing in second air pas-
sage 11 can be prevented, and partitioning plate 13
serves as a wall surface of first air passage 9 or second
air passage 11 to enable condenser 3 to be made smaller.
[0026] In addition, dehumidifying and heating appara-
tus 16, as shown in Fig. 2, air passage area X of heat
radiator 7 is made larger than air passage area Y of heat
exhauster 8. This is because an amount of heat heating
air, that is, an amount of heat provided to the air in heat
radiator 7 is larger than an amount of heat corresponding
to an input of compressor 2, that is, an amount of heat
exhausted from heat exhauster 8. It should be noted that
the air passage area shows an area of an inflow surface
of the air which passes through each of heat radiator 7
and heat exhauster 8 by operating first blowing portion
10 and second blowing portion 12. Thereby, heating of
the air in heat radiator 7 and exhausting heat of the air
in heat exhauster 8 can be performed in balance, so that
dehumidifying and heating apparatus 16 can be efficient-
ly operated.
[0027] Next, a configuration of condenser 3 of dehu-
midifying and heating apparatus 16 of this embodiment
will be described below with reference to Fig. 3.
[0028] Fig. 3 is a perspective view of the condenser of
the dehumidifying and heating apparatus according to
the first exemplary embodiment of the present invention.
[0029] As shown in Fig. 3, condenser 3 includes, e.g.,
a typical fin tube type heat exchanger having a plurality
of fins 3a provided in heat radiator 7, a plurality of fins 3b
provided in heat exhauster 8, and heat exchanger tube
3c including refrigerant inflow port 3d.
[0030] Fins 3a are arranged in parallel with each other
at fixed intervals with respect to the inflow surface into
which the air flows, indicated by arrow B of Fig. 3. Then,
the air passes through fins 3a in a mutual manner to
perform exchange heat. Likewise, fins 3b are arranged
in parallel with each other at fixed intervals with respect
to the inflow surface into which the air flows, indicated
by arrow B of Fig. 3 so that they are on the same plane
as fins 3a. Then, the air passes through fins 3b in a mutual
manner to perform exchange heat. Fins 3a and fins 3b
are formed, e.g., of a thin plate made of aluminum and
on the same plane with respect to the inflow surfaces of
the air.
[0031] As described above, according to this embod-
iment, the inflow surface of the air of heat radiator 7 pro-
vided in first air passage 9 and the inflow surface of the
air of heat exhauster 8 provided in second air passage
11 are on the same plane. Thereby, an air flow direction
of heat exhauster 8 is allowed to be the same as an air
flow direction of heat radiator 7, so that the same high-
efficiency exchange heat as heat radiator 7 can be ob-
tained and heat exhauster 8 can be made smaller.
[0032] In addition, heat exchanger tube 3c which is
conduit line 6 in which the refrigerant flows is formed,
e.g., of a copper tube and in a serpentine shape, and
passes through fins 3a and fins 3b in a direction orthog-

onal to fins 3a and fins 3b (a tube axis direction of heat
exchanger tube 3c). And, heat exhauster 8 and heat ra-
diator 7 of condenser 3 are integrally provided so as to
be in parallel with each other in a direction vertical to the
tube axis direction of heat exchanger tube 3c (a direction
in parallel with the inflow surfaces into which the air
flows). At this time, heat exhauster 8 is provided so as
to be located in a position in which refrigerant inflow port
3d of condenser 3 is included.
[0033] An operation of heat pump device 1 of dehu-
midifying and heating apparatus 16 configured as above
will be described with reference to Fig. 1.
[0034] The high-temperature and high-pressure refrig-
erant compressed in compressor 2 flows from refrigerant
inflow port 3d of condenser 3 into heat exhauster 8 in a
gas state. Therefore, a temperature of the refrigerant is
the highest in refrigerant inflow port 3d of condenser 3.
The refrigerant which flows into heat exhauster 8 is ex-
changed heat with the outside air which is sucked by
blowing portion 12 in heat exhauster 8, so as to become
cooler, and become a gas-liquid two-phase saturation
state. Thereafter, the refrigerant flows into heat radiator
7, and is exchanged heat so as to become cooler, in a
supercooled state in which the refrigerant is completely
liquefied, and flows out from condenser 3.
[0035] On the other hand, as shown in Fig. 7, conven-
tional dehumidifying and heating apparatus 50 is provid-
ed with heat exhauster 53 after the refrigerant exits from
condenser 52, and exhausts heat of the refrigerant in a
liquefied state. Therefore, when a temperature of the out-
side air is high, a temperature difference between the air
and the refrigerant is small and an effect of exhausting
heat is small. Therefore, dehumidifying and heating ap-
paratus 50 made larger heat exhauster 53 to increase
an effect of exhausting heat.
[0036] However, heat exhauster 8 of dehumidifying
and heating apparatus 16 of this embodiment is provided
in the position of including refrigerant inflow port 3d of
condenser 3. In refrigerant inflow port 3d, flows the hot
refrigerant in a gas state. Thereby, a temperature differ-
ence between the outside air and the refrigerant is made
larger, so that even when heat exhauster 8 is made small-
er, exhausting heat is efficiently enabled. Therefore, con-
denser 3 having heat radiator 7 and heat exhauster 8
can be made smaller. As a result, dehumidifying and
heating apparatus 16 can be made smaller.
[0037] In addition, the high-pressure refrigerant which
flows out from condenser 3 is reduced pressure by ex-
pansion portion 4 so as to have a low temperature and
a low pressure, and flows from the air in evaporator 5.
Thereafter, the refrigerant obtains an amount of heat from
the air by heat exchanging in evaporator 5, and returns
to compressor 2 again. At this time, an amount of heat
obtained by evaporator 5 and an amount of heat obtained
by compression of compressor 2 is released from con-
denser 3. However, in this embodiment, since an amount
of heat corresponding to of the heat obtained in compres-
sor 2 is previously released to the outside with heat ex-
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hauster 8 of condenser 3, the amount of heat from heat
radiator 7, that is, the amount of heat which is exchanged
heat in heat radiator 7 is held in balance with the amount
of heat obtained evaporator 5.
[0038] Hereinafter, another configuration of dehumid-
ifying and heating apparatus 16 of this embodiment will
be described with reference to Fig. 1 with Figs. 4 and 5.
An example of another configuration described below is
different in that conduit line 6 includes flattened tube 15.
[0039] Fig. 4 is a perspective view of the condenser
showing another example of the dehumidifying and heat-
ing apparatus according to the first exemplary embodi-
ment of the present invention. Fig. 5 is a partial schematic
diagram showing another example of the dehumidifying
and heating apparatus.
[0040] As shown in Figs. 4 and 5, heat exchanger tube
3c of condenser 3 which is conduit line 6 in which the
refrigerant flows is formed in a serpentine shape with
flattened tube 15 bent. Thereby, first air passage 9 and
second air passage 11 can be partitioned by flattened
tube 15, so that partitioning plate 13 is not required to be
provided between heat radiator 7 and heat exhauster 8.
[0041] First, when a drying operation is started, com-
pressor 2 and first blowing portion 10 are operated. Then,
the air passes through heat radiator 7 by means of first
blowing portion 10, and the air which passes through
heat radiator 7 is heated by heat exchange in heat radi-
ator 7 so as to become hot air, and is delivered into drying
chamber 14. The air which is brought into contact with
clothes in drying chamber 14 takes moisture from the
clothes to dry the clothes.
[0042] The air which dries the clothes provides an
amount of heat for taking moisture from the wet clothes
as sensible heat so as to become cooler. In this time, the
air contains water vapor having latent heat substantially
equivalent to the sensible heat so as to have high humid-
ity. An enthalpy of the drying air before and after the air
is brought into contact with the clothes is substantially
constant. The high-humidity air is cooled in evaporator 5
for the latent heat to be taken, and is condensed to be
dehumidified. Then, the air dehumidified so as to have
lowered absolute humidity is heated in heat radiator 7
again, and is repeatedly dehumidified and heated while
circulating in first air passage 9.
[0043] In addition, when the drying operation is started,
second blowing portion 12 is operated. Then, the outside
air is sucked by second blowing portion 12, and exhausts
part of the heat in condenser 3 to the outside by heat
exhauster 8.
[0044] When a large amount of heat in heat radiator 7
is necessary immediately after the drying operation is
started, second blowing portion 12 is stopped or its
amount of blowing is reduced. Thereby the amount of
exhausting heat in heat exhauster 8 can be reduced to
increase the amount of heat in heat radiator 7. In addition,
even when a temperature of the outside air is high like
summer, dehumidifying and heating apparatus 16 can
perform sufficient exhausting heat from refrigerant inflow

port 3d having a high refrigerant temperature.
[0045] As described above, the clothes drying ma-
chine includes the dehumidifying and heating apparatus
of the present invention, so that the clothes drying ma-
chine can be made smaller.

SECOND EXEMPLARY EMBODIMENT

[0046] Fig. 6 is a perspective view of the condenser of
the dehumidifying and heating apparatus according to a
second exemplary embodiment of the present invention.
This embodiment is different from the first exemplary em-
bodiment in that heat exhauster 8 and heat radiator 7 of
condenser 3 are provided in parallel with each other in
the tube axis direction of heat exchanger tube 3c. Further,
other configuration is the same as the first exemplary
embodiment, the same configurations are indicated by
the same reference numerals, and detailed description
thereof cites the first exemplary embodiment.
[0047] As shown in Fig. 6, heat exhauster 8 and heat
radiator 7 of condenser 3 are adjacently integrally pro-
vided so as to be in parallel with each other in the tube
axis direction of heat exchanger tube 3c. At this time,
heat exhauster 8 is provided so as to be located in the
position in which refrigerant inflow port 3d of condenser
3 is included.
[0048] Fins 3e of heat radiator 7 and fins 3f of heat
exhauster 8 are arranged in parallel with each other at
fixed intervals with respect to the inflow surfaces into
which the air flows, indicated by arrow B of Fig. 6. Then,
the air passes between fins 3e and fins 3f in a mutual
manner to perform exchange heat. Fins 3e and fins 3f
are formed, e.g., of a thin plate made of aluminum and
on the same plane with respect to the inflow surfaces of
the air. In first embodiment, fins 3e and fins 3f become
separated in Figs, but in this embodiment, fins 3e and
fins 3f are integrally provided each other.
[0049] As described above, according to this embod-
iment, the inflow surface of the air of heat radiator 7 pro-
vided in first air passage 9 and the inflow surface of the
air of heat exhauster 8 provided in second air passage
11 are formed on the same plane. Thereby, the air flow
direction of heat exhauster 8 is allowed to be the same
as the air flow direction of heat radiator 7, so that the
same high-efficiency exchanging heat as heat radiator 7
is enabled and heat exhauster 8 can be made smaller.
[0050] Further, in this embodiment, the partitioning
plate is not provided between heat radiator 7 and heat
exhauster 8, but the present invention is not limited to
this. For instance, the partitioning plate in parallel with
fins 3a and fins 3b may be provided between heat radiator
7 and heat exhauster 8. Thereby, mixing of the air flowing
in first air passage 9 with the outside air for cooling flowing
in second air passage 11 can be prevented, and parti-
tioning plate 13 serves as the wall surface to enable con-
denser 3 to be made smaller.
[0051] Further, in that heat exhauster 8 and heat radi-
ator 7 of condenser 3 are provided in parallel with each
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other in the tube axis direction of heat exchanger tube
3c, being adjacently integrally provided, as shown in Fig
4, even when heat exchanger tube 3c includes flattened
tube 15, can be operated similarly.

Claims

1. A dehumidifying and heating apparatus comprising:

a heat pump device having a compressor, a con-
denser having a heat radiator and a heat ex-
hauster, an expansion portion, and an evapora-
tor;
a first air passage which is provided therein with
a first blowing portion which blows air into the
heat radiator and the evaporator, the heat radi-
ator and the evaporator, and heats and dehu-
midifies the air blown by the first blowing portion;
and
a second air passage which is provided therein
with a second blowing portion which blows air
into the heat exhauster, and the heat exhauster,
sucks outside air by means of the second blow-
ing portion, and exhausts a part of heat in the
condenser to the outside with the heat ex-
hauster,
wherein the heat radiator and the heat exhauster
of the condenser are integrally provided.

2. The dehumidifying and heating apparatus according
to claim 1, wherein an air passage area of the heat
radiator is made larger than an air passage area of
the heat exhauster.

3. The dehumidifying and heating apparatus according
to claim 1, wherein the heat exhauster is provided
on a side where the refrigerant flows of the condens-
er.

4. The dehumidifying and heating apparatus according
to claim 1, wherein the condenser includes a heat
exchanger tube formed in a serpentine shape and
in which the refrigerant flows, and plural fins which
are installed on the heat exchanger tube orthogonal-
ly,
wherein the fins are formed on the same plane with
respect to an inflow surface of the air.

5. The dehumidifying and heating apparatus according
to claim 4, wherein the heat radiator and the heat
exhauster of the condenser are provided in parallel
with each other in a direction vertical to a tube axis
direction of the heat exchanger tube.

6. The dehumidifying and heating apparatus according
to claim 5, wherein the heat exchanger tube includes
a flattened tube.

7. The dehumidifying and heating apparatus according
to claim 4, wherein the heat radiator and the heat
exhauster of the condenser are provided in parallel
with each other in a tube axis direction of the heat
exchanger tube.

8. A clothes drying machine comprising:

the dehumidifying and heating apparatus ac-
cording to any one of claims 1 to 7, and
a drying chamber accommodating laundry,
wherein
the first air passage of the dehumidifying and
heating apparatus is coupled to the drying cham-
ber.
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