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Description

[Technical Field]

[0001] The embodiment relates to an air conditioner.

[Background Art]

[0002] An air conditioner is a home appliance to main-
tain indoor air in an optimum state according to a use
and a purpose. For example, the air conditioner controls
the interior of a room to a cooling state in summer and
the interior of a room to a heating state in winter. An
example of the related prior art can be found for example
in JP H04 366369 A disclosing an air conditioning appa-
ratus where overheating of a refrigerant is reduced, and
for example in US 2005/011572 A1 disclosing a pipe for
conveying fluids.

[Disclosure]

[Technical Problem]

[0003] An object of the embodiment is to provide an
air conditioner that increases heating efficiency upon per-
forming heating operation.
[0004] In addition, another object of the embodiment
is to heat a refrigerant and bypasses it to an inlet side of
a compressor.

[Technical Solution]

[0005] An air conditioner according to claim 1 includes:
a compressor that compresses a refrigerant; a condenser
that condenses the refrigerant compressed in the com-
pressor; an expander that expands the refrigerant con-
densed in the condenser; an evaporator that evaporates
the refrigerant expanded in the expander; a bypass pipe
that bypasses the refrigerant discharged from the con-
denser to an inlet side of the compressor; a refrigerant
heating apparatus that heats the refrigerant flowing in
the bypass pipe; and a valve that controls the refrigerant
flowing in the bypass pipe, wherein the refrigerant heat-
ing apparatus includes: a refrigerant pipe in which the
refrigerant flows; and a heating unit that is provided on
an outer surface of the refrigerant pipe and has a carbon
nanotube heating element that generates heat with a
supplied power; an insulating sheet that is formed on the
outer surface of the refrigerant pipe; and a pair of elec-
trodes that is formed on the upper surface of the insulat-
ing sheet and is spaced from each other, and wherein
one end of the carbon nanotube heating element is elec-
trically connected to any one of the pair of electrodes and
the other is electrically connected to the other electrode.

[Advantageous Effects]

[0006] With the above-mentioned embodiments, when

the air conditioner is operated in the state where an out-
door temperature is very low, the degradation of the heat-
ing performance can be prevented as the refrigerant dis-
charged from the condenser is sucked into the compres-
sor in the state where the refrigerant is heated by the
carbon nanotube (CNT) heating element.
[0007] In addition, even when the accumulator that
separates the liquid refrigerant and the gas refrigerant
discharged from the evaporator is heated by the CNT
heating element, the degradation of the heating perform-
ance can be prevented.
[0008] Further, as the CNT heating element is used as
a heating source for heating the refrigerant, the size and
manufacturing cost of the heating unit can be reduced
and the size of the air conditioner can thus be reduced.
[0009] Moreover, the carbon nanotube is coated on a
heated body, such that it is possible to form the CNT
heating element on a heated body having various
shapes.
[0010] Also, as the plurality of CNT heating elements
are disposed to be spaced from each other, even when
any one CNT heating element is damaged, the refrigerant
can be continuously heated.

[Description of Drawings]

[0011]

FIG. 1 is a diagram showing a refrigerant cycle of an
air conditioner according to a first embodiment;
FIG. 2 is a diagram showing a refrigerant heating
apparatus according to the first embodiment;
FIG. 3 is a development diagram of one refrigerant
pipe according to the first embodiment;
FIG. 4 is a cross-sectional view showing a structure
of a heating unit according to the first embodiment;
FIG. 5 is a diagram schematically showing a side
view of the refrigerant pipe according to the first em-
bodiment;
FIG. 6 is a flow chart for describing a method for
manufacturing the refrigerant heating apparatus ac-
cording to the first embodiment;
FIG. 7 is a flow chart for describing a method for
manufacturing a refrigerant heating apparatus ac-
cording to a second embodiment and a method for
connecting to other components of an air condition-
er;
FIG. 8 is a perspective view showing a refrigerant
pipe according to a third embodiment;
FIG. 9 is a development diagram of one refrigerant
pipe according to a fourth embodiment; and
FIG. 10 is a diagram showing a refrigerant cycle of
an air conditioner according to a fifth embodiment.

[Best Mode]

[0012] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying
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drawings.
[0013] FIG. 1 is a diagram showing a refrigerant cycle
of an air conditioner according to a first embodiment. The
embodiment will described each component based on a
refrigerant flow upon performing a heating operation as
one example.
[0014] Referring to FIG. 1, an air conditioner 1 accord-
ing to the embodiment includes a compressor 10 that
compresses a refrigerant, an indoor heat exchanger 21
in which the compressed refrigerant from the compressor
10 flows; an indoor fan 22 that ventilates the heat ex-
changed air to the interior of a room; an expander 30 that
expands the refrigerant discharged from the indoor heat
exchanger; an outdoor heat exchanger 41 that heat-ex-
changes the expanded refrigerant with an outdoor air;
and an outdoor fan 42 that ventilates the heat exchanged
air to the outside.
[0015] In detail, while the heating cycle is performed,
the indoor heat exchanger 21 is operated as a condenser
and an outdoor heat exchanger 41 is operated as an
evaporator.
[0016] An accumulator 50, which sends only a gas re-
frigerant of refrigerants discharged from the outdoor heat
exchanger 41 to the compressor 10, is disposed between
the compressor 10 and the outdoor heat exchanger 41.
[0017] In addition, a first bypass pipe 70, which by-
passes a high-temperature and high-pressure refrigerant
compressed in the compressor 10 to an inlet side of the
outdoor heat exchanger 41, is connected between the
indoor heat exchanger 21 and the compressor 10.
[0018] One end of the first bypass pipe 70 is connected
to a pipe that connects the indoor heat exchanger 21 with
the compressor 10, and the other thereof is connected
to a pipe that connects the outdoor heat exchanger 41
with the expander 30.
[0019] In addition, the first bypass pipe 70 is provided
with a first valve 71 that controls the bypassed refrigerant
amount. At this time, the first bypass pipe 70 may be
provided with a capillary that decompresses the refriger-
ant.
[0020] The first valve 71 is opened when the defrosting
operation condition is satisfied during the heating oper-
ation of the air conditioner.
[0021] In addition, a second bypass pipe 90, which by-
passes the refrigerant discharged from the indoor heat
exchanger 21 to the inlet side of the compressor 10, is
connected between the indoor heat exchanger 21 and
the expander 30.
[0022] One end of the second bypass pipe 90 is con-
nected to the pipe that connects the indoor heat exchang-
er 21 with the expander 30 and the other thereof is con-
nected to the pipe that connects the accumulator 50 with
the compressor 10.
[0023] Unlike this, other end of the second bypass pipe
90 may be connected to the pipe that connects the out-
door heat exchanger 41 with the accumulator 50.
[0024] The second bypass pipe 90 is provided with a
refrigerant heating apparatus 100 that heats the refrig-

erant discharged from the indoor heat exchanger 21. In
addition, the second bypass pipe 90 is provided with a
second valve 91 that controls the bypassed refrigerant
amount.
[0025] When the outdoor temperature is very low, the
second valve 91 is opened and the refrigerant heating
apparatus 100 is operated. When the air conditioner is
used in a cold area, the refrigerant can be heated by the
refrigerant heating apparatus since the outdoor temper-
ature is low.
[0026] Hereinafter, an operation of the air conditioner
will be described simply.
[0027] When the air conditioner performs a heating op-
eration, the high-temperature and high-pressure refrig-
erant is discharged from the compressor 10. The refrig-
erant discharged from the compressor 10 flows in the
indoor heat exchanger 21 and is thus condensed. The
condensed refrigerant discharged from the indoor heat
exchanger 21 is expanded by passing through the ex-
pander 30. Also, the expanded refrigerant is evaporated
by passing through the outdoor heat exchanger 41 and
the evaporated refrigerant flows in the accumulator 50.
Only the gas refrigerant flows from the accumulator 50
to the compressor 10.
[0028] As described above, while the air conditioner is
performs the heating operation, the first value 71 and the
second valve 91 are basically closed.
[0029] When the defrosting of the outdoor heat ex-
changer 41, which is operated as the evaporator during
the heating operation of the air conditioner, is needed,
the first valve 71 is opened. In this case, the high-tem-
perature refrigerant discharged from the compressor 10
is bypassed to the inlet side of the outdoor heat exchang-
er 41. At this time, the defrosting is performed while the
high-temperature refrigerant moves the outdoor heat ex-
changer 41.
[0030] Meanwhile, when the air conditioner performs
the heating operation in the state where the outdoor tem-
perature is a reference temperature or less, the evapo-
ration performance is degraded. When the evaporation
performance is degraded, the refrigerant temperature at
the inlet side of the compressor is lower than the required
temperature, the heating performance can be degraded.
[0031] In this case, the second valve 91 is opened in
the state where the first valve 71 is closed. As a result,
the condensed refrigerant discharged to the indoor heat
exchanger 21 is bypassed to the first bypass pipe 90 and
the bypassed refrigerant is heated while the bypassed
refrigerant moves the refrigerant heating apparatus 100.
The heated refrigerant moves to the inlet side of the com-
pressor 10. Therefore, as the temperature-raised refrig-
erant is sucked into the compressor 10, the degradation
of the heating performance can be prevented.
[0032] Hereinafter, the refrigerant heating apparatus
100 will be described in detail.
[0033] FIG. 2 is a diagram showing a refrigerant heat-
ing apparatus according to the first embodiment; Refer-
ring to FIGS. 1 and 2, the refrigerant heating apparatus
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100 according to the embodiment includes a plurality of
refrigerant pipes 110, 111, 112, and 113 that moves the
bypassed refrigerant and a connection pipe 130 that con-
nects adjacent refrigerant pipes.
[0034] In detail, the cross section of the plurality of re-
frigerant pipes 110, 111, 112, and 113 may be formed in
a circular shape and are not limited thereto.
[0035] The plurality of refrigerant pipes 110,111,112,
and 113 may include, for example, a first refrigerant pipe
to a fourth refrigerant pipe. In the embodiment, the
number of refrigerant pipes is not limited. However, FIG.
2 is shown as including four refrigerant pipes as one ex-
ample.
[0036] The condensed refrigerant discharged from the
indoor heat exchanger 21 may flow in one end of the first
refrigerant pipe 110. The refrigerant discharged from one
end of the fourth refrigerant pipe 113 may move to the
inlet side of the compressor 10.
[0037] The connection pipe 130 is bent and is formed
in an approximate "U" shape. Two adjacent refrigerant
pipes may be bonded to the connection pipe 130 by, for
example, welding.
[0038] The outer sides of each refrigerant pipes 110,
111, 112, and 113 are provided with heating units 120
that heats the refrigerant that moves each refrigerant
pipe.
[0039] FIG. 3 is a development view of one refrigerant
pipe according to the first embodiment, FIG. 4 is a cross-
sectional view showing a structure of the heating unit,
and FIG. 5 is a diagram schematically showing a side
view of one refrigerant pipe according to the first embod-
iment.
[0040] Referring to FIGS. 2 to 5, the heating units 120
are fixed to outer surfaces of each refrigerant pipe 110,
111, 112, and 113. The heating units fixed to each refrig-
erant pipe have the same structure and therefore, the
plurality of refrigerant pipes are collectively referred to
reference numeral "110"
[0041] The heating unit 120 includes an insulating
sheet 121 that is fixed to the outer surface of the refrig-
erant pipe 110, a pair of electrodes 122 and 123 that is
fixed to the upper surface of the insulating sheet 121, a
plurality of carbon nanotube heating elements 124 (here-
inafter, referred to as CNT heating element? that are fixed
to the upper surfaces of the pair of electrodes 122 and
123, and anti-oxidation layers 125 that are fixed to the
upper surfaces of the plurality of CNT heating elements
124.
[0042] In detail, the insulating sheet 121 performs a
role of easily fixing the CNT heating element 124 to the
refrigerant pipe 110.
[0043] The pair of electrodes 122 and 123 is disposed
in parallel in the state where they are spaced from each
other. The pair of electrodes 122 and 123 is a part that
supplies power to the plurality of CNT heating elements
124 and any one thereof corresponds to an anode an
anode and the other corresponds to a cathode. Each
electrode 122 and 123 is connected to an electric wire.

[0044] In the embodiment, the pair of electrodes 122
and 123 is lengthily extended along a length direction
(direction in parallel with a center of the refrigerant pipe)
of the refrigerant pipe 110. Therefore, the pair of elec-
trodes 122 and 123 is spaced in a circumferential direc-
tion of the refrigerant pipe 110. The plurality of CNT heat-
ing element 124 may complete in a rectangular shape
but the shape thereof is not limited thereto. One end of
each CNT heating element 124 contacts the upper sur-
face of one electrode 122 and the other contacts the up-
per surface of another electrode 123.
[0045] The plurality of CNT heating elements 124 are
disposed to be spaced by a predetermined interval d2 in
a length direction of the refrigerant pipe 100
[0046] The refrigerant pipes 110, 111, 112, and 113
may be a copper pipe, an aluminum pipe, or a steel pipe.
[0047] The CNT heating element 124 indicates a heat-
ing element made of a carbon nanotube. The carbon na-
notube means a material that hexagons formed of 6 car-
bons connects to each other to form a pipe shape.
[0048] In detail, the carbon nanotube is lightweight and
has excellent electrical resistance. Further, the thermal
conductivity of carbon nanotube is 1600 to 6000W/mK,
which is excellent as compared to the thermal conduc-
tivity of copper that is 400W/mK. In addition, the electrical
resistance of the carbon nanotube is 10-4 ∼ 10-5 ohm/cm,
which is similar to the electrical resistance of copper.
[0049] The embodiment uses the properties of the car-
bon nanotube as a heating source for heating a refriger-
ant.
[0050] After the carbon nanotube is fixed (for example,
coated) on the insulating sheet 122, current is applied to
the pair of electrodes 122 and 123 such that the carbon
nanotube is heated. In the embodiment, the state where
the carbon nanotube is coated on the insulating sheet
121 may be referred to the CNT heating element 124.
[0051] When the CNT heating element 124 is applied
as the heating source of the refrigerant, the CNT heating
element 124 can be semi-permanently used and the
shape processing can be easily performed such that the
CNT heating element 124 can be applied to the refriger-
ant pipe. In addition, when the CNT heating element 124
is applied as the heating source of the refrigerant, the
volume of the heating unit can be reduced and the refrig-
erant can be heated early.
[0052] In other words, when the CNT heating element
uses a positive temperature coefficient (PTC) element,
a sheathe heater, etc. as the heating source, the volume
thereof can be greatly reduced and the cost for generat-
ing power as much as 1 kw can be reduced.
[0053] Moreover, as the plurality of CNT heating ele-
ments 124 are disposed around the refrigerant pipe 110,
even when any one CNT heating element is damaged,
the refrigerant pipe can be continuously heated.
[0054] Meanwhile, the width w of the CNT heating el-
ement 124 is formed to be equal to or larger than an
interval d2 between the adjacent CNT heating elements
124. In the embodiment, when the lengths of the length
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and breadth of the CNT heating element are not equal
to each other, the length of the short side may be defined
as a width and when the lengths of the length and breadth
of the CNT heating element are equal to each other, a
length of any one side may be defined as a width.
[0055] In detail, since the CNT heating element 124
has a large electrical resistance, the heat value becomes
large despite a narrow contact area (a contact area of
the CNT heating element and the refrigerant pipe).
[0056] In the state where the heat capacity of the heat-
ing unit of the refrigerant pipe 110 is maintained constant-
ly (for example, 4kw per one refrigerant pipe), since a
case where the interval between the CNT heating ele-
ments 124 is narrow heats (may be referred to local heat-
ing) the refrigerant only in some areas of the refrigerant
pipe 110 as compared to a case where the interval be-
tween the CNT heating elements 124 is large, there is a
problem in that the boiling of the refrigerant occurs.
Therefore, in order to prevent the boiling of the refrigerant
due to the local heating, in the embodiment, the width w
of the CNT heating element 124 is formed to be equal to
or smaller than the interval d2 between the adjacent CNT
heating elements. FIG. 3 shows that the interval d2 be-
tween the CNT heating elements is, for example, larger
than the width w of the CNT heating element 124.
[0057] In addition, whether or not the boiling of the re-
frigerant is related to the contact area of the CNT heating
element 124 and the refrigerant pipe 110. When intend-
ing to form the heating unit 120 in the same capacity, if
the contact area of the CNT heating element 124 and the
refrigerant pipe 110 is increased, the thickness of the
CNT heating element 124 is reduced. On the other hand,
when the thickness of the CNT heating element 124 is
increased, the contact are of the CNT heating element
124 and the refrigerant pipe 110 is reduced.
[0058] When comparing the above-mentioned two
cases, as the thickness of the CNT heating element is
large and the contact area of the CNT heating element
and the refrigerant pipe can be reduced, the surface tem-
perature of the CNT heating element is large and the
heat concentration phenomenon is large, such that the
boiling phenomenon of the refrigerant may occur and the
bending phenomenon of the refrigerant pipe may occur.
[0059] Therefore, it is preferable that the contact area
of the CNT heating element 124 and the refrigerant pipe
110 is increased. In other words, the length of the CNT
heating element 124 surrounded along the circumfer-
ence of the refrigerant pipe 110 (circumferential direction)
is formed similar to the circumference of the refrigerant
pipe. However, since the spaced distance between the
pair of electrodes 122 and 123 is secured, an angle,
which is formed by a line connecting the center of the
refrigerant pipe 110 to one end of the CNT heating ele-
ment 124 and a line connecting the center of the refrig-
erant pipe 110 to other end of the CNT heating element
124, has a smaller value than 355? when being viewed
from FIG. 5.
[0060] The sum of the areas of the plurality of CNT

heating elements is formed at 60% or less of an area
calculated by a product of a distance between two CNT
heating elements disposed at both ends of the plurality
of CNT heating elements and a height of the CNT heating
element (up and down length when being viewed from
FIG. 3) by the spaced distance of the plurality of CNT
heating elements and the angle of the CNT heating ele-
ment formed in the circumferential direction of the refrig-
erant pipe. In addition, whether or not the boiling of the
refrigerant is related to the refrigerant amount that moves
the inside of the refrigerant pipe. In detail, when the hate
having the same capacity is applied to the refrigerant
pipe, the case where the diameter of the refrigerant pipe
is small has a higher possibility of the boiling than the
case where the diameter thereof is large. In other words,
a case where the refrigerant amount is small has a higher
possibility of the boiling of refrigerant than the case where
the refrigerant amount is small.
[0061] Therefore, in the embodiment, a diameter D1
of the refrigerant pipe is formed to be larger than 15.88
mm (or 5/8 inches). As one example, the diameter D1 of
the refrigerant pipe may be formed at 25.44mm (or 1
inch).
[0062] In addition, whether or not the boiling of the re-
frigerant is related to the thickness of the refrigerant pipe.
The case where the thickness of the refrigerant pipe is
thick has a higher possibility of the generation of boiling
than the case where the thickness thereof is thin.
[0063] Therefore, in the embodiment, the thickness of
the refrigerant pipe 110 may be formed at 2 mm or more.
[0064] Meanwhile, the two adjacent refrigerant pipes
as described above can be connected to the connection
part 130 and each refrigerant pipe and the connection
part 130 are bonded to each other by welding. However,
when the refrigerant pipe 120 and the connection part
130 are welded in the state where the heating unit 120
is fixed to the refrigerant pipe 120, the heating unit (in
particular, electrode) may be damaged by welding heat.
Therefore, in order to prevent the damage of the heating
unit during the welding, the heating unit 120 may be dis-
posed to be spaced by the predetermined interval d1
from each end of the refrigerant pipe. The predetermined
interval d1 may be 50 mm or more.
[0065] Although the embodiment describes that two re-
frigerant pipes are connected by the connection part by
way of example, one end of each refrigerant pipe may
be connected to a first header and the other of each re-
frigerant pipe may be connected to a second header. In
this case, the heating unit is disposed to be spaced by
50 mm or more from each end of the refrigerant pipes.
[0066] The structure that the plurality of refrigerant
pipes are communicated with each other by the header
is the same as the known structure and therefore, the
detailed description therefore will be omitted.

[Mode for Invention]

[0067] FIG. 6 is a flow chart for describing a method
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for manufacturing the refrigerant heating apparatus ac-
cording to the first embodiment.
[0068] Referring to FIGS. 4 and 6, the plurality of re-
frigerant pipes are first prepared. Then, the refrigerant
pipe is provided with the heating unit 120. In detail, the
insulating sheet is coated around the refrigerant pipe
(S1). Then, the pair of electrodes 122 and 123 are fixed
to the upper surface of the insulating sheet 121 (S2). The
matter that the pair of electrodes 122 and 123 are dis-
posed to be spaced from each other is already described.
Thereafter, the plurality of CNT heating elements 124 are
disposed to be spaced by a predetermined interval on
the upper surface of the electrode (S3). Next, the anti-
oxidation layer 125 is coated on the upper surface o the
plurality of CNT heating elements 124 (S4). Finally, the
power connection part (electric wire) is fixed to the pair
of electrodes (S5). When the connection and the plurality
of refrigerant pipes are connected with each other by the
welding and finally, the refrigerant heating apparatus
completes.
[0069] FIG. 7 is a flow chart for describing a method
for manufacturing a refrigerant heating apparatus ac-
cording to a second embodiment and a method for con-
necting to other components of an air conditioner;
[0070] Referring to FIG. 7, the heating unit according
to the embodiment is manufactured in a separate article
and is fixed to the refrigerant pipe.
[0071] In detail, each of the refrigerant pipe 110 and
the heating unit 120 is first prepared (S11). The heating
unit is a member that the insulating sheet, the pair of
electrodes, the plurality CNT heating elements, and the
anti-oxidation layer, which are described in the first em-
bodiment, are sequentially formed.
[0072] Then, the heating unit 110 is fixed to the refrig-
erant pipe 110 (S12). Then, the connection part and the
plurality of refrigerant pipes are connected to each other
by the welding and thus, the refrigerant heating appara-
tus completes (S13). The refrigerant heating apparatus
100 is installed at the bypass pipe 90 (S13). Finally, the
power connection part (electric wire) is fixed to the pair
of electrodes (S14). In the embodiment, the order of steps
S13 and S14 can be changed.
[0073] With the embodiment, since the heating unit
manufactured as a separate article is fixed to the refrig-
erant pipe, the assembling time of the refrigerant heating
apparatus is reduced and the assembling process is sim-
plified.
[0074] FIG. 8 is a perspective view showing a refriger-
ant pipe according to a third embodiment.
[0075] The configuration of the embodiment is the
same as the configuration of the first embodiment but
has a difference in the connection structure of the power
connection part and the electrode Therefore, only the
feature part of the embodiment will be described.
[0076] Referring to FIG. 8, the refrigerant pipe 110 of
the present embodiment is provided with the heating unit
as described above. The heating unit includes the pair
of electrodes 122 and 123 and any one 122 (first elec-

trode) of the pair of electrodes 122 and 123 is formed to
be smaller than the length (length direction of the refrig-
erant pipe) of another electrode 123 (second electrode).
[0077] In other words, the distance from the end of the
refrigerant pipe 110 to the first electrode is larger than
the distance to the second electrode 123.
[0078] The pair of electrodes 122 and 123 and each
power connection part (electric wire) can be electrically
connected by the connection members 140 and 142. The
connection members 140 and 142 may be formed of a
conductive material.
[0079] The connection members 140 and 142 includes
a first connection member 140 that connects the second
electrode 122 to the power connection part and a second
connection member 142 that connects the first electrode
123 to the power connection part. Each connection mem-
ber 140 and 142 surrounds the entire refrigerant pipe.
[0080] The first connection member 140 contacts only
the second electrode 123 in the state where the first con-
nection member 140 surrounds the refrigerant pipe.
Since The distance from the end of the refrigerant pipe
110 to the first electrode is larger than the distance to the
second electrode 123, the second connection member
142 surrounds the refrigerant pipe so as to contact the
first electrode, such that the second connection member
142 can contact the second electrode. Therefore, in the
embodiment, in order to prevent the contact of the second
connection member 142 and the second electrode, the
second connection member is provided with an interval
forming part 143.
[0081] With the embodiment, since each connection
member 140 and 142 surrounds the upper surfaces of
the electrodes 122 and 123 and the power connection
part is connected to the connection members 140 and
142, the damage of the electrode due to heat generated
during the welding coupling of the refrigerant pipe 110
and the connection part 130 can be prevented. In other
words, the connection part performs a role of protecting
the electrode from heat.
[0082] FIG. 9 is a development diagram of a refrigerant
pipe according to a fourth embodiment.
[0083] The configuration of the embodiment is the
same as the configuration of the first embodiment but
has a difference in the arrangement of the elements con-
figuring the heating unit.
[0084] Referring to FIG. 9, a refrigerant heating appa-
ratus 200 according to the present embodiment includes
a refrigerant pipe 210 and a heating unit 220.
[0085] The heating unit 220 includes an insulating
sheet 211 that is fixed to the upper surface of the refrig-
erant pipe 210, a pair of electrodes 222 that are fixed to
the upper surface of the insulating sheet 211 and is dis-
posed along the circumference of the refrigerant pipe
200, and a plurality of CNT heating elements 224 having
one end connected to one electrode and the other end
connected to the other electrode.
[0086] The pair of electrodes 222 are disposed to be
spaced from each other. The plurality of CNT heating
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elements 224 are disposed to be spaced from each other
and is extended in a length direction of the refrigerant
pipe 210.
[0087] FIG. 10 is a diagram showing a refrigerant cycle
of an air conditioner according to a fifth embodiment. The
configuration of the embodiment is the same as the con-
figuration of the first embodiment but has a difference in
that the heating unit is additionally provided at the accu-
mulator.
[0088] Referring to FIG. 10, the outer surface of the
accumulator 50 of the present embodiment is provided
with the heating unit 300. The accumulator may be
formed in a cylindrical shape as one example and the
heating unit may be formed in the same structure as the
first embodiment or the fourth embodiment.
[0089] Therefore, the refrigerant within the accumula-
tor 50 is heated by the heating unit and may be then
sucked into the compressor.
[0090] Although FIG. 10 shows the heating unit is pro-
vided at the accumulator in the state where a separate
refrigerant heating apparatus is provided, the refrigerant
heating apparatus is removed and the heating unit may
be provided at only the outer surface of the accumulator.

Claims

1. An air conditioner, comprising:

a compressor (10) that compresses a refriger-
ant;
a condenser (21, 41) that condenses the refrig-
erant compressed in the compressor (10);
an expander (30) that expands the refrigerant
condensed in the condenser (21, 41);
an evaporator (41, 21) that evaporates the re-
frigerant expanded in the expander (30);
a bypass pipe (90) that bypasses the refrigerant
discharged from the condenser (21, 41) to an
inlet side of the compressor (10);
a refrigerant heating apparatus (100) that heats
the refrigerant flowing in the bypass pipe (90);
and
a valve (91) that controls the refrigerant flowing
in the bypass pipe (90),
characterized in that the refrigerant heating
apparatus (100) includes:

a refrigerant pipe (110) in which the refrig-
erant flows; and
a heating unit (120) that is provided on an
outer surface of the refrigerant pipe (110),
the heating unit (120) including:

a carbon nanotube heating element
(124) that generates heat with a sup-
plied power;
an insulating sheet (121) that is formed

on the outer surface of the refrigerant
pipe (110); and
a pair of electrodes (122, 123) that is
formed on the upper surface of the in-
sulating sheet (121) and is spaced from
each other, and wherein one end of the
carbon nanotube heating element
(124) is electrically connected to any
one of the pair of electrodes (122, 123)
and the other is electrically connected
to the other electrode (123, 122).

2. The air conditioner according to claim 1, wherein the
carbon nanotube heating elements (124) are config-
ured in plural and are disposed to be spaced from
each other.

3. The air conditioner according to claim 2, wherein the
upper surface of the carbon nanotube heating ele-
ment (124) is coated with an anti-oxidation layer.

4. The air conditioner according to claim 2, wherein the
pair of electrodes (122, 123) is extended in a direc-
tion in parallel with a central line of the refrigerant
pipe (110) and is disposed to be spaced from each
other in a circumferential direction of the refrigerant
pipe (110).

5. The air conditioner according to claim 4, wherein the
plurality of carbon nanotube heating elements (124)
are disposed to be spaced from each other by a pre-
determined interval in a direction in parallel with the
central line of the refrigerant pipe (110).

6. The air conditioner according to claim 5, wherein
when each carbon nanotube heating element (124)
surrounds the refrigerant pipe (110) in a circumfer-
ential direction of the refrigerant pipe (110), an angle
formed by the carbon nanotube heating elements
(124) is 355 or less based on the center of the re-
frigerant pipe (110).

7. The air conditioner according to claim 2, wherein the
plurality of electrodes (122, 123) are extended in a
circumferential direction of the refrigerant pipe (110)
and are disposed to be spaced from each other in
parallel with the central line of the refrigerant pipe
(110).

8. The air conditioner according to claim 7, wherein the
plurality of carbon nanotube heating elements (124)
are arranged to be spaced from each other by a pre-
determined interval along the circumferential direc-
tion of the refrigerant pipe (110).

9. The air conditioner according to claim 1, wherein the
width (w) of each carbon nanotube heating element
(124) is equal to or smaller than an interval between
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the carbon nanotube heating elements (124).

10. The air conditioner according to claim 1, further com-
prising a plurality of connection members (140, 142)
that electrically connect a plurality of electric wires
for supplying power to the plurality of electrodes
(122, 123).

11. The air conditioner according to claim 1, wherein an
accumulator (50) for separating a gas refrigerant and
a liquid refrigerant is further provided between the
evaporator (41) and the compressor (10) based on
the refrigerant flow and the heating unit (120) is fur-
ther provided on the outer surface of the accumulator
(50).

Patentansprüche

1. Klimaanlage, die aufweist:

einen Kompressor (10), der ein Kältemittel kom-
primiert;
einen Kondensator (21, 41), der das in dem
Kompressor (10) komprimierte Kältemittel kon-
densiert;
eine Entspannungseinrichtung (30), die das in
dem Kondensator (21, 41) kondensierte Kälte-
mittel expandiert;
einen Verdampfer (41, 21), der das in der Ex-
pansionseinrichtung (30) expandierte Kältemit-
tel verdampft;
eine Umleitungsrohrleitung (90), die das von
dem Kondensator (21, 41) abgegebene Kälte-
mittel zu einer Einlassseite des Kompressors
(10) umleitet;
eine Kältemittelheizvorrichtung (100), die das in
der Umleitungsrohrleitung (90) strömende Käl-
temittel heizt; und
ein Ventil (91), das das Kältemittel, das in der
Umleitungsrohrleitung (90) strömt, steuert,
dadurch gekennzeichnet, dass die Kältemit-
telheizvorrichtung (100) umfasst:

eine Kältemittelrohrleitung (110), in der das
Kältemittel strömt; und
eine Heizeinheit (120), die auf einer Außen-
oberfläche der Kältemittelrohrleitung (110)
bereitgestellt ist, wobei die Heizeinheit
(120) umfasst:

ein Kohlenstoffnanoröhrchen-Heizele-
ment (124), das mit einer zugeführten
Leistung Wärme erzeugt;
eine Isolierschicht (121), die auf der Au-
ßenoberfläche der Kältemittelrohrlei-
tung (110) ausgebildet ist; und
ein Paar von Elektroden (122, 123), das

auf der oberen Oberfläche der Isolier-
schicht (121) ausgebildet ist und von-
einander beabstandet ist, und

wobei ein Ende des Kohlenstoffnanoröhrchen-
Heizelements (124) mit einer des Paars von
Elektroden (122, 123) elektrisch verbunden ist
und das andere Ende mit der anderen Elektrode
(123, 122) elektrisch verbunden ist.

2. Klimaanlage nach Anspruch 1, wobei die Kohlen-
stoffnanoröhrchen-Heizelemente (124) mehrfach
konfiguriert und sie voneinander beabstandet ange-
ordnet sind.

3. Klimaanlage nach Anspruch 2, wobei die obere
Oberfläche des Kohlenstoffnanoröhrchen-Heizele-
ments (124) mit einer Antioxidationsschicht be-
schichtet ist.

4. Klimaanlage nach Anspruch 2, wobei das Paar von
Elektroden (122, 123) in eine Richtung parallel zu
einer Mittellinie der Kältemittelrohrleitung (110) ver-
längert ist und voneinander in einer Umfangsrich-
tung der Kältemittelrohrleitung (110) beabstandet
angeordnet ist.

5. Klimaanlage nach Anspruch 4, wobei die mehreren
Kohlenstoffnanoröhrchen-Heizelemente (124) in ei-
ner Richtung parallel zu der Mittellinie der Kältemit-
telrohrleitung (110) in einem vorgegebenen Abstand
voneinander beabstandet angeordnet sind.

6. Klimaanlage nach Anspruch 5, wobei jedes Kohlen-
stoffnanoröhrchen-Heizelement (124) die Kältemit-
telrohrleitung (110) in einer Umfangsrichtung der
Kältemittelrohrleitung (110) umgibt, wobei ein durch
die Kohlenstoffnanoröhrchen-Heizelemente (124)
gebildeter Winkel basierend auf der Mitte der Kälte-
mittelrohrleitung (110) 355 oder weniger ist.

7. Klimaanlage nach Anspruch 2, wobei die mehreren
Elektroden (122, 123) in einer Umfangsrichtung der
Kältemittelrohrleitung (110) verlängert sind und pa-
rallel zu der Mittellinie der Kältemittelrohrleitung
(110) beabstandet voneinander angeordnet sind.

8. Klimaanlage nach Anspruch 7, wobei die mehreren
Kohlenstoffnanoröhrchen-Heizelemente (124) ent-
lang der Umfangsrichtung der Kältemittelrohrleitung
(110) um einen vorgegebenen Abstand beabstandet
voneinander angeordnet sind.

9. Klimaanlage nach Anspruch 1, wobei die Breite (w)
jedes Kohlenstoffhanoröhrchen-Heizelements
(124) kleiner oder gleich einem Abstand zwischen
den Kohlenstoffnanoröhrchen-Heizelementen (124)
ist.
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10. Klimaanlage nach Anspruch 1, die ferner mehrere
Anschlusselemente (140, 142) aufweist, die mehre-
re elektrische Drähte zum Liefern von Leistung an
die mehreren Elektroden (122, 123) elektrisch ver-
binden.

11. Klimaanlage nach Anspruch 1, wobei ferner basie-
rend auf der Kältemittelströmung ein Akkumulator
(50) zum Abscheiden eines Gaskältemittels und ei-
nes flüssigen Kältemittels zwischen dem Verdamp-
fer (41) und dem Kompressor (10) bereitgestellt ist,
und die Heizeinheit (120) ferner auf der Außenober-
fläche des Akkumulators (50) bereitgestellt ist.

Revendications

1. Climatiseur comprenant :

un compresseur (10) qui compresse un
réfrigérant ;
un condensateur (21, 41) qui condense le réfri-
gérant compressé dans le compresseur (10) ;
un expanseur (30) qui dilate le réfrigérant con-
densé dans le condensateur (21, 41) ;
un évaporateur (41, 21) qui évapore le réfrigé-
rant dilaté dans l’expanseur (30) ;
un tuyau de dérivation (90) qui dérive le réfrigé-
rant évacué du condensateur (21, 41) vers un
côté d’entrée du compresseur (10) ;
un appareil de chauffage de réfrigérant (100) qui
chauffe le réfrigérant s’écoulant dans le tuyau
de dérivation (90) ; et
une soupape (91) qui commande le réfrigérant
s’écoulant dans le tuyau de dérivation (90),
caractérisé en ce que l’appareil de chauffage
de réfrigérant (100) inclut :

un tuyau de réfrigérant (110) dans lequel le
réfrigérant s’écoule ; et
une unité de chauffage (120) qui est prévue
sur une surface extérieure du tuyau de ré-
frigérant (110), l’unité de chauffage (120)
incluant :

un élément de chauffage à nanotubes
de carbone (124) qui génère la chaleur
avec une énergie fournie ;
une feuille isolante (121) qui est formée
sur la surface extérieure du tuyau de
réfrigérant (110) ; et
une paire d’électrodes (122, 123) qui
est formée sur la surface supérieure de
la feuille isolante (121) et est espacée
l’une de l’autre, et

dans lequel une extrémité de l’élément de chauf-
fage à nanotubes de carbone (124) est reliée

électriquement à l’une quelconque de la paire
d’électrodes (122, 123) et l’autre est reliée élec-
triquement à l’autre électrode (123, 122).

2. Climatiseur selon la revendication 1, dans lequel les
éléments de chauffage à nanotubes de carbone
(124) sont configurés au pluriel et sont disposés pour
être espacés l’un de l’autre.

3. Climatiseur selon la revendication 2, dans lequel la
surface supérieure de l’élément de chauffage à na-
notubes de carbone (124) est revêtue d’une couche
d’antioxydation.

4. Climatiseur selon la revendication 2, dans lequel la
paire d’électrodes (122, 123) est étendue dans une
direction parallèlement à une ligne centrale du tuyau
de réfrigérant (110) et est disposée pour être espa-
cée l’une de l’autre dans une direction circonféren-
tielle du tuyau de réfrigérant (110).

5. Climatiseur selon la revendication 4, dans lequel la
pluralité d’éléments de chauffage à nanotubes de
carbone (124) sont disposés pour être espacés les
uns des autres d’un intervalle prédéterminé dans
une direction parallèlement à la ligne centrale du
tuyau de réfrigérant (110).

6. Climatiseur selon la revendication 5, dans lequel
lorsque chaque élément de chauffage à nanotubes
de carbone (124) entoure le tuyau de réfrigérant
(110) dans une direction circonférentielle du tuyau
de réfrigérant (110), un angle formé par les éléments
de chauffage à nanotubes de carbone (124) s’élève
à 355 ou moins sur la base du centre du tuyau de
réfrigérant (110).

7. Climatiseur selon la revendication 2, dans lequel la
pluralité d’électrodes (122, 123) sont étendues dans
une direction circonférentielle du tuyau de réfrigérant
(110) et sont disposées pour être espacées les unes
des autres parallèlement à la ligne centrale du tuyau
de réfrigérant (110).

8. Climatiseur selon la revendication 7, dans lequel la
pluralité d’éléments de chauffage à nanotubes de
carbone (124) sont agencés pour être espacés les
uns des autres d’un intervalle prédéterminé le long
de la direction circonférentielle du tuyau de réfrigé-
rant (110).

9. Climatiseur selon la revendication 1, dans lequel la
largeur (w) de chaque élément de chauffage à na-
notubes de carbone (124) est égale ou inférieure à
un intervalle entre les éléments de chauffage à na-
notubes de carbone (124).

10. Climatiseur selon la revendication 1, comprenant en

15 16 



EP 2 284 459 B1

10

5

10

15

20

25

30

35

40

45

50

55

outre une pluralité d’éléments de connexion (140,
142) qui relient électriquement une pluralité de fils
électriques pour fournir de l’énergie à la pluralité
d’électrodes (122, 123).

11. Climatiseur selon la revendication 1, dans lequel un
accumulateur (50) pour la séparation d’un réfrigérant
gazeux et d’un réfrigérant liquide est en outre prévu
entre l’évaporateur (41) et le compresseur (10) sur
la base du flux de réfrigérant et l’unité de chauffage
(120) est en outre prévue sur la surface extérieure
de l’accumulateur (50).
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