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(54) AIR CONDITIONER

(57)  An air conditioner includes a compressor 1, a
four-way valve 2, an indoor heat exchanger 3, a pressure
reducing device 4, and an outdoor heat exchanger 5, all
connected in series via a refrigerant circuit to define a
heat pump refrigerating cycle. The air conditioner also
includes an indoor fan 3 for exchanging heat between
the indoor heat exchanger 3 and indoor air, an outdoor

fan 8 for exchanging heat between the outdoor heat ex-

changer 5 and outdoor air, and an outdoor temperature
sensor 6 for detecting an outdoor temperature. When the
outdoor temperature detected by the outdoor tempera-
ture sensor 6 is greater than or equal to a predetermined
temperature, the compressor is stopped, and the outdoor
fan is operated to defrost the outdoor heat exchanger 5.
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Description
Technical Field

[0001] The present invention relates to an air condi-
tioner and, in particular, to an air conditioner capable of
removing frost that has adhered to an outdoor heat ex-
changer with use of a heat pump.

Background Art

[0002] In a defrosting system for a conventional heat
pump air conditioner, a four-way valve is generally
switched over to cause a refrigerant to flow in an opposite
direction in a refrigerating cycle. Fig. 10 is a timing chart
indicating a control for the conventional air conditioner in
which defrosting is conducted by switching the four-way
valve.

[0003] During heating, when a defrosting start signal
isreceived attimet1,acompressorfrequency is reduced,
and an opening of an expansion valve is set to a prede-
termined one. The four-way valve is subsequently
switched over from a heating circuit to a cooling circuit,
and an outdoor fan and an indoor fan are both brought
to a stop. That s, in a defrosting operation, a direction of
flow of the refrigerant during the heating is the same as
that during cooling, thereby causing a high-temperature
and high-pressure refrigerant to flow through an outdoor
heat exchanger to melt frost adhering to the outdoor heat
exchanger.

[0004] Inthis defrosting system, aninputto a compres-
sor is utilized as heat of melting for the defrost adhering
to the outdoor heat exchanger, and a general air condi-
tioner for heating a 12-mat room consumes an input of
about 600-1000W during the defrosting operation. Also,
because an indoor heat exchanger is used as an evap-
orator during defrosting, a room temperature reduces to
thereby cause an uncomfortable operation in which a us-
er or users feel cold. Further, at low temperatures, the
defrosting operation is conducted about once an hour
during heating, and this is detrimental to energy saving
and comfort.

[0005] To solve this kind of problem, an air conditioner
capable of enhancing comfort and a running performance
has been proposed (see, for example, Patent Document
1).

[0006] Fig. 11 depicts a refrigerating cycle of the con-
ventional air conditioner as disclosed in Patent Document
1. The conventional air conditioner as shown in Fig. 11
includes a compressor 101, a four-way valve 102, an
indoor heat exchanger 103, an expansion valve (or cap-
illary tube) 104, and an outdoor heat exchanger 105, all
connected in series via a refrigerant circuit to define a
heat pump refrigerating cycle. The indoor heatexchanger
103 is provided with an indoor fan 106, and the outdoor
heat exchanger 105 is provided with an outdoor fan 107
and a piping temperature sensor 108 for detecting a tem-
perature of the outdoor heat exchanger 105. A control
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means 109 controls the defrosting operation based on
the temperature detected by the piping temperature sen-
sor 108.

[0007] More specifically, the control means 109 mon-
itors detection results of the piping temperature sensor
108 for every predetermined period, and when the piping
temperature sensor 108 consecutively detects tempera-
tures less than a predetermined temperature more than
the predetermined number of times, the defrosting oper-
ation for removing frost adhering to the outdoor heat ex-
changer 105 is conducted.

[0008] In this way, the defrosting operation for the out-
door heat exchanger 105 is conducted upon confirmation
of the state of frost adhering to the outdoor heat exchang-
er 105 during the heat pump operation. By so doing, not
only can the number of times of defrosting be minimized,
but efficient heating operations can be also conducted
without conducting unnecessary defrosting operations.
At the same time, it becomes possible to restrain a re-
duction in room temperature, which has been hitherto
caused by the defrosting operation, to enhance comfort.

Patent Document(s)

[0009] Patent Document 1: Japanese Laid-Open Pat-
ent Publication No. 60-133249

Summary of Invention
Problems to be Solved by Invention

[0010] However, the conventional defrosting control
method as disclosed in Patent Document 1 has the fol-
lowing disadvantages.

[0011] Because the defrosting operation as set forth
above is conducted by operating the compressor 101
under the condition in which the four-way valve 102 has
been switched to the cooling circuit, the refrigerant actu-
ally flows through the indoor heat exchanger 103, though
the number of times of a cold refrigerant flowing through
the indoor heat exchanger 103 reduces. Accordingly, a
chill a user or users feel and a reduction in room temper-
ature, both caused by a stop of heating operations, are
substantial, and this uncomfortable feeling is not re-
moved. Also, efficient operations are possible without un-
necessary defrosting operations of the outdoor exchang-
er 105, but an input to the compressor 101 is utilized as
the quantity of heat during defrosting, thus resulting in
low-efficiency defrosting.

[0012] The present invention has been developed to
overcome the above-described disadvantages.

[0013] Itis accordingly an objective of the present in-
vention to provide an air conditioner capable of conduct-
ing adefrosting operation to melt frost with a considerably
small input by making use of atmospheric heat. The air
conditioner according to the present invention requires
no complicated refrigerating cycle and employs compo-
nent parts installed in a general refrigerating cycle and
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in a general air conditioner. Also, the air conditioner ac-
cording to the present invention does not allow a cold
refrigerant to flow through an indoor heat exchanger dur-
ing the defrosting operation to thereby reduce a room
temperature drop and refrigerant sound during the de-
frosting operation.

Means to Solve Problems

[0014] In accomplishing the above objective, the air
conditioner according to the present invention includes
a compressor, a four-way valve, an indoor heat exchang-
er, a pressure reducing device, and an outdoor heat ex-
changer, all connected in series via a refrigerant circuit
to define a heat pump refrigerating cycle. The air condi-
tioner includes an indoor fan for exchanging heat be-
tween the indoor heat exchanger and indoor air, an out-
door fan for exchanging heat between the outdoor heat
exchanger and outdoor air, and an outdoor temperature
sensor for detecting an outdoor temperature. When the
outdoor temperature detected by the outdoor tempera-
ture sensor is greater than or equal to a predetermined
temperature, the compressor is stopped, and the outdoor
fan is operated to defrost the outdoor heat exchanger.
[0015] The heat pump refrigerating cycle is held in a
heating state during a defrosting operation for the outdoor
heat exchanger.

[0016] It is preferred that a speed of the outdoor fan
during the defrosting operation be set to a speed higher
than thatduring a heating operation ora maximum speed.
[0017] An expansion valve is preferably used as the
pressure reducing device, and the expansion valve is
fully or almost fully closed immediately before or after the
defrosting operation.

[0018] Before the defrosting operation is conducted,
an operation frequency of the compressor may be re-
duced. In this case, the expansion valve is subsequently
fully or almost fully closed, and after the compressor has
been operated for a predetermined time period, the com-
pressor is stopped, and the outdoor fan is operated.
[0019] Also, before the defrosting operation is con-
ducted, the expansion valve may be fully or almost fully
closed and subsequently opened for a predetermined
time period, and the outdoor fan is operated thereafter.
[0020] Moreover, before the defrosting operation is
conducted, the outdoor fan may be stopped, and the ex-
pansion valve may be fully or almost fully opened. In this
case, upon operation of a predetermined time period, the
compressor is stopped, and the outdoor fan is operated.
[0021] In another aspect of the present invention, an
air conditioner includes a compressor, a four-way valve,
an indoor heat exchanger, an expansion valve, and an
outdoor heat exchanger, all connected in series via a
refrigerant circuit to define a heat pump refrigerating cy-
cle, and also includes an indoor fan for exchanging heat
between the indoor heat exchanger and indoor air, an
outdoor fan for exchanging heat between the outdoor
heat exchanger and outdoor air, and an outdoor temper-
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ature sensor for detecting an outdoor temperature. When
the outdoor temperature detected by the outdoor tem-
perature sensor is less than a predetermined tempera-
ture, the heat pump refrigerating cycle is switched to a
cooling circuit by the four-way valve, the compressor is
subsequently stopped, the expansion valve is fully or al-
most fully closed, and the outdoor fan is operated to de-
frost the outdoor heat exchanger.

[0022] In this case, a time period during which the heat
pump refrigerating cycle is being set to the cooling circuit
upon switching of the four-way valve may be limited to a
predetermined time period or less.

[0023] If an outdoor piping temperature sensor for de-
tecting an outdoor piping temperature is provided, only
when the outdoor piping temperature detected by the out-
door piping temperature sensor is less than a predeter-
mined temperature, the heat pump refrigerating cycle can
be switched to the cooling circuit by the four-way valve.
[0024] Also, when the outdoor temperature detected
by the outdoor temperature sensor is greater than or
equal to a predetermined temperature, a time period for
operation of the outdoor fan is preferably set shorter than
when the outdoor temperature is less than the predeter-
mined temperature.

Effects of Invention

[0025] According to the present invention, when the
outdoor temperature detected by the outdoor tempera-
ture sensor is greater than or equal to a predetermined
value, the defrosting operation for defrosting the outdoor
heat exchanger is conducted using atmospheric heat by
stopping the compressor, thus resulting in energy saving
and enhancing comfort.

[0026] Also, because defrosting by switching of the
four-way valve and defrosting with use of atmospheric
heat are both employed, the former is first conducted to
melt part of frost adhering to a front surface of the outdoor
heat exchanger, and the latter is subsequently conduct-
ed, thus resulting in energy saving and enhancing com-
fort.

Brief Description of Drawings
[0027]

Fig. 1 is a diagram of a refrigerating cycle of an air
conditioner according to the present invention.

Fig. 2 is a control block diagram of the air conditioner
of Fig. 1.

Fig. 3 is a flowchart indicating a control of the air
conditioner of Fig. 1 during defrosting.

Fig. 4 is a timing chart indicating a control operation
of the air conditioner according to the present inven-
tion when a defrosting operation with use of atmos-
pheric heat is conducted.

Fig. 5 is a timing chart indicating another control op-
eration of the air conditioner according to the present
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invention when the defrosting operation with use of
atmospheric heat is conducted.

Fig. 6 is a timing chart indicating a further control
operation of the air conditioner according to the
present invention when the defrosting operation with
use of atmospheric heat is conducted.

Fig. 7 is a timing chart indicating a still further control
operation of the air conditioner according to the
present invention when the defrosting operation with
use of atmospheric heat is conducted.

Fig. 8 is a timing chart indicating a yet further control
operation of the air conditioner according to the
present invention when the defrosting operation with
use of atmospheric heat is conducted.

Fig. 9 is a timing chart indicating a control operation
of the air conditioner according to the present inven-
tion when a defrosting operation is conducted by
switching a four-way valve.

Fig. 10 is a timing chart indicating a control for a
conventional air conditioner in which defrosting is
conducted by switching the four-way valve.

Fig. 11 is adiagram of a refrigerating cycle of another
conventional air conditioner.

Description of Embodiments

[0028] Embodiments of the present invention are ex-
plained hereinafter with reference to the drawings, but
the presentinvention is notlimited by such embodiments.

(Basic Construction of Air Conditioner)

[0029] Fig. 1is a diagram of a refrigerating cycle of an
air conditioner according to the present invention, and
Fig. 2 is a control block diagram of the air conditioner.
[0030] AsshowninFig.1,theair conditioneraccording
to the present invention includes an indoor unit 10 and
an outdoor unit 11 connected to each other via a refrig-
erant circuit. The outdoor unit 11 includes a compressor
1, a four-way valve 2, a pressure reducing device 4, an
outdoor heat exchanger 5, an outdoor temperature sen-
sor 6 for detecting an outdoor temperature, an outdoor
fan 8, and an outdoor piping temperature sensor 9 for
detecting a piping temperature of the outdoor heat ex-
changer 5. The indoor unit 10 includes an indoor heat
exchanger 3 and an indoor fan 7.

[0031] The compressor 1, the four-way valve 2, the
indoor heat exchanger 3, the pressure reducing device
4, and the outdoor heat exchanger 5 are connected in
series via a refrigerant circuit to define a heat pump re-
frigerating cycle. An electromagnetic expansion valve or
a capillary tube is used as the pressure reducing device
4, and when the electromagnetic expansion valve is
used, the pressure reducing device 4 is sometimes re-
ferred to as the "expansion valve 4".

[0032] Fig. 2 depicts a controller 12 for the indoor unit
10 and a controller 13 for the outdoor unit 11. The indoor
controller 12 includes a defrosting start signal receiving
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section 60 and an indoor fan operating section 61 for
operating the indoor fan 7 based on an output from the
defrosting start signal receiving section 60. On the other
hand, the outdoor controller 13 includes a defrosting start
decision section 50, a compressor operating section 51
for controlling operation of the compressor 1 based on a
temperature detected by the outdoor temperature sensor
6 and a temperature detected by the outdoor piping tem-
perature sensor 9, both inputted to the defrosting start
decision section 50, an expansion valve opening control
section 52 for controlling an opening of the expansion
valve 4, an outdoor fan operating section 53 for control-
ling operation of the outdoor fan 8, and a four-way valve
switching section 54 for conducting a switching control
of the four-way valve 2.

[0033] Fig. 3 is a flowchart indicating a control of the
air conditioner according to the present invention during
defrosting.

[0034] As shown in Fig. 3, a decision as to whether a
defrosting operation is necessary is conducted based on
a detection result of the outdoor piping temperature sen-
sor 9. Atstep S1, the temperature detected by the outdoor
piping temperature sensor 9 is compared with a first pre-
determined temperature (for example, -7°C) below a
freezing point. If the detected temperature is less than
the first predetermined temperature, a defrosting opera-
tion is conducted at step S2, but if the detected temper-
ature is greater than or equal to the first predetermined
temperature, the program returns to step S1.

[0035] Itis to be noted that the first predetermined tem-
perature is a temperature that is judged such that more
than a predetermined amount of frost has been formed
on the outdoor heat exchanger 5 and absorption of heat
from the outdoor heat exchanger 5 is no longer possible.
[0036] Atstep S3,the temperature detected by the out-
door temperature sensor 6 is compared with a second
predetermined temperature (for example, 1°C) higher
than the first predetermined temperature referred to
above. If the detected temperature is greater than or
equal to the second predetermined temperature, a de-
frosting operation with use of atmospheric heat is con-
ducted at step S4, but if the detected temperature is less
than the second predetermined temperature, a defrost-
ing operation by switching of the four-way valve is con-
ducted at step S5.

[0037] The "defrosting operation with use of atmos-
pheric heat" means a defrosting operation that is con-
ducted using heat of outdoor air (atmospheric heat) under
the condition in which the heating circuit is maintained
without switching the four-way valve 2, and the "defrost-
ing operation by switching of the four-way valve" means
a defrosting operation that is conducted by switching the
four-way valve 2 from the heating circuit to the cooling
circuit to cause the refrigerant to flow in an opposite di-
rection in the refrigerating cycle.

[0038] If the decision as to whether the defrosting op-
eration is necessary is made based on only the detection
result of the outdoor piping temperature sensor 9, it is
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likely that the defrosting operation is frequently conduct-
ed when the outdoor temperature is low. For this reason,
the decision as to whether the defrosting operation is
necessary is made based on the detection result of the
outdoor temperature sensor 6, a cumulative operation
time period of the air conditioner, and the like, in addition
to the detection result of the outdoor piping temperature
sensor 9, thereby making it possible to minimize unnec-
essary defrosting operations.

(Embodiment 1)

[0039] Fig. 4 is a timing chart indicating a control op-
eration of the air conditioner according to the present
invention when the defrosting operation with use of at-
mospheric heat is conducted.

[0040] In the outdoor controller 13, the defrosting start
decision section 50 makes a defrosting start decision
based on the temperature detected by the outdoor piping
temperature sensor 9. When the defrosting start decision
has been made, the compressor operating section 51,
the expansion valve opening control section 52, the out-
door fan operating section 53, and the four-way valve
switching section 54 conduct a control as shown in Fig.
4 to thereby conduct the defrosting operation.

[0041] At this moment, the defrosting start signal re-
ceiving section 60 in the indoor controller 12 receives a
defrosting start signal from the outdoor controller 13, and
the indoor fan operating section 61 also conducts the
control as shown in Fig. 4 upon receipt of an output from
the defrosting start signal receiving section 60.

[0042] During heating, when a decision to start the de-
frosting is made at time t1, the compressor 1 is stopped,
and the speed of the outdoor fan 8 is maintained. At time
t2, the defrosting operation is started to exchange heat
between outdoor air and the outdoor heat exchanger 5
so that the defrosting may be conducted using heat of
the outdoor air (atmospheric heat).

[0043] It is to be noted here that at time t1 the com-
pressor 1 is stopped, but operation of the outdoor fan 8
is continued, and that the four-way valve 2 is not switched
during the defrosting to maintain the heating circuit and
not to cause the refrigerant to flow through the outdoor
unit 11. Because no heating is conducted, the indoor fan
7 is stopped.

[0044] At time t2, it is preferred that the speed of the
outdoor fan 8 be increased by the outdoor fan operating
section 53 to a speed higher than a speed during the
heating operation or a maximum speed. This is because
frost evaporates more quickly, and the time period for
defrosting can be shortened with an increase in speed
of the outdoor fan 8. However, the speed of the outdoor
fan 8 is not always increased.

[0045] The defrosting operation is terminated at time
t3, and the refrigerating cycle returns to a state prior to
the defrosting and subsequently to the normal heat pump
heating operation at time t4. The time period (from time
t2 to time t3) for the defrosting is set to a predetermined

10

15

20

25

30

35

40

45

50

55

time period (about 12 minutes) within which it can be
judged that frost will melt. However, because it can be
judged that frost has melted if the temperature detected
by the outdoor piping temperature sensor 9 is greater
than a predetermined temperature (for example, 6°C),
the defrosting operation may be terminated based on the
temperature detected by the outdoor piping temperature
sensor 9 in place of the aforementioned predetermined
time period.

[0046] Although in this embodiment the operation fre-
quency of the compressor 1 is varied, the defrosting op-
eration is similarly conducted using a constant-speed
compressor. The speed of the indoor fan 7 and that of
the outdoor fan 8 may be fixed or varied.

[0047] Further, as shown in Fig. 4, the opening of the
pressure reducing device (expansion valve) 4 is main-
tained constant and, hence, a capillary tube as well as
the electromagnetic expansion valve can be used as the
pressure reducing device 4.

[0048] The first and second predetermined tempera-
tures may be set lower when first defrosting is conducted
after the start of the heating operation and then set higher
when subsequent defrosting is conducted. Alternatively,
the first and second predetermined temperatures may
be set lower during daytime heating and higher during
nighttime heating. In this way, those temperatures can
be varied depending on circumferential conditions.
[0049] The above-described control can melt frost ad-
hering to the outdoor heat exchanger 5 using atmospher-
ic heat and conduct the defrosting operation using an
input of the outdoor fan 8 of about 100W, thus making it
possible to enhance the defrosting efficiency.

[0050] The defrosting operation by switching of the
four-way valve poses a problem that when frost melts,
water generated thereby is discharged downwards from
the outdoor unit 11, and if such water turns into ice at low
outdoor temperatures, a man or woman may fall down
on the ice or a drain hole or holes may clog with the ice.
In this embodiment, however, because the defrosting op-
eration with use of atmospheric heat is employed, frost
having adhered to the outdoor heat exchanger 5 and hav-
ing melted thereafter evaporates and scatters into the air
by the action of the outdoor fan 8, such problem will not
occur.

[0051] Also, during the defrosting operation by the out-
door heat exchanger 5, no heating operation is conduct-
ed, but the heat pump refrigerating cycle is maintained
in a heating state. Accordingly, no cold refrigerant flows
through the indoor unit 10 and, hence, remaining heat
after the heating operation is retained in the indoor unit
10, and no chilly air comes out of the indoor unit 10. Fur-
ther, because no refrigerant flows through the indoor unit
10 during the defrosting operation, no unpleasant refrig-
erant sound is generated.

[0052] If the speed of the outdoor fan 8 during the de-
frosting operation is set higher than that during the heat-
ing operation, a substantial amount of atmospheric heat
passes through the outdoor heat exchanger 5 and quickly
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melts frost adhering to the outdoor heat exchanger 5.
Also, an increase in speed of the outdoor fan 8 increases
the wind speed, and water into which frost has melted is
blown off the outdoor unit 11 without adhering to a dis-
charge portion of the outdoor unit 11 and, hence, no
freezing occurs on the discharge portion.

(Embodiment 2)

[0053] Fig.5isatimingchartindicating another control
operation of the air conditioner according to the present
invention when the defrosting operation with use of at-
mospheric heat is conducted.

[0054] The air conditioner according to this embodi-
ment differs from the air conditioner according to the first
embodiment referred to above in that an electromagnetic
expansion valve or a capillary tube can be used as the
pressure reducing device 4 in the first embodiment, while
the electromagnetic expansion valve is used as the pres-
sure reducing device 4 in this embodiment for control of
the opening of the pressure reducing device 4. Also, in
this embodiment, the expansion valve 4 is closed or the
opening thereof is set to an opening (for example, less
than 5% of a full opening) close to a fully closed state
during the defrosting operation.

[0055] In this embodiment, the compressor 1, the in-
door fan 7, and the outdoor fan 8 are stopped at time t1,
and the expansion valve 4 is fully or almost fully closed
attime t1 and then opened attime t3. However, operation
of the compressor 1, the indoor fan 7, and the outdoor
fan 8 after time t2 is the same as that in the first embod-
iment.

[0056] Although in this embodiment the expansion
valve 4 is fully or almost fully closed at time t1, it may be
closed at about time t2 at which the outdoor fan 8 is op-
erated for the defrosting operation.

[0057] Thatis, when the outdoor fan 8 is operated for
defrosting, movement of the refrigerant from the indoor
unit 10 to the outdoor heat exchanger 5 can be avoided
by setting the expansion valve 4 to a fully or almost fully
closed state immediately before or after the defrosting
operation. As a result, it becomes possible to minimize
heat that is taken by the refrigerant presentin the outdoor
heat exchanger 5 and to efficiently make use of atmos-
pheric heat to melt frost.

(Embodiment 3)

[0058] Fig.6isatimingchartindicating afurther control
operation of the air conditioner according to the present
invention when the defrosting operation with use of at-
mospheric heat is conducted.

[0059] The air conditioner according to this embodi-
ment differs from the air conditioner according to the first
embodiment in that in the former an electromagnetic ex-
pansion valve is used as the pressure reducing device
4, and the defrosting operation is conducted under the
condition in which the compressor 1 is operated with a
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reduced frequency, and the closed state of the expansion
valve 4 is continued for a predetermined time period, as
shown in Fig. 6.

[0060] More specifically, at time t1, the indoor fan 7
and the outdoor fan 8 are stopped, and the compressor
1is operated with a reduced frequency. At the same time,
the expansion valve 4 is fully or almost fully closed. After
the compressor 1 has been operated for a predetermined
time period, it is stopped at time t2, and the defrosting
operation is conducted by operating the outdoor fan 8 at
a speed higher than that during heating.

[0061] Operation of the compressor 1, the indoor fan
7, and the outdoor fan 8 after time t2 is the same as that
in the second embodiment.

[0062] By sosetting, the refrigerantaccumulated in the
outdoor heat exchanger 5 is collected in the indoor unit
10 and accumulated in the indoor heat exchanger 3. As
aresult, it becomes possible to minimize heat that is tak-
en by the refrigerant presentin the outdoor heat exchang-
er 5 and efficiently make use of atmospheric heat to melt
frost.

(Embodiment 4)

[0063] Fig. 7 is a timing chart indicating a still further
control operation of the air conditioner according to the
present invention when the defrosting operation with use
of atmospheric heat is conducted.

[0064] The air conditioner according to this embodi-
ment differs from the air conditioner according to the first
embodiment in that in the former, as shown in Fig. 7, an
electromagnetic expansion valve is used as the pressure
reducing device 4, and at time t1 at which a decision to
start defrosting has been made, the expansion valve 4
is setto a fully or almost fully closed state, and the outdoor
fan 8 is stopped, and in that the expansion valve 4 is
subsequently controlled to, for example, a fully opened
state at time t2 to cause heat remaining in the indoor unit
10 to flow through the outdoor heat exchanger 5 to there-
by melt part of frost adhering to the outdoor heat exchang-
er 5. The defrosting operation is then started by closing
the expansion valve 4 again and by operating the outdoor
fan 8 at time t3.

[0065] Operation of the compressor 1, the expansion
valve 4, the indoor fan 7, and the outdoor fan 8 after time
t3 is the same as that in the second embodiment.
[0066] In general, at the beginning of the defrosting
operation, frost adheres to a surface of the outdoor heat
exchanger 5 without any space thereon. Accordingly,
even if outdoor air is caused to flow through the outdoor
heat exchanger 5 to melt the frost, the efficiency is low.
Even in such a condition, the control of Fig. 7 can melt
part of the frost adhering to the outdoor heat exchanger
5 by making use of heat after the heating to thereby form
an airway or airways, through which outdoor air passes
upon operation of the outdoor fan 8, thus making it pos-
sible to efficiently conduct the defrosting with use of at-
mospheric heat. Also, when the heat after the heating
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flows through the outdoor heat exchanger 5, the heat
makes it easy to separate the frost from fins of the outdoor
heat exchanger 5, thus making it possible to shorten the
time period for defrosting by the operation of the outdoor
fan 8.

(Embodiment 5)

[0067] Fig. 8 is a timing chart indicating a yet further
control operation of the air conditioner according to the
present invention when the defrosting operation with use
of atmospheric heat is conducted.

[0068] The air conditioner according to this embodi-
ment differs from the air conditioner according to the first
embodiment in that in the former, as shown in Fig. 8, an
electromagnetic expansion valve is used as the pressure
reducing device 4, and after the expansion valve 4 has
been fully opened during heating, the defrosting opera-
tion is started by stopping the compressor 1 and by op-
erating the outdoor fan 8.

[0069] More specifically, during heating, when a deci-
sion to start defrosting is made at time t1, the expansion
valve 4 is setto, for example, a fully or almost fully opened
state under the condition in which operation of the com-
pressor 1 and the indoor fan 7 is continued, and the out-
door fan 8 is stopped. By so setting, heated refrigerant
during heating is caused to flow through the outdoor heat
exchanger 5 to melt part of frost. Thereafter, at time t2,
the compressor 1 is stopped, and the expansion valve 4
is closed. At the same time, the speed of the outdoor fan
8 is increased to a speed higher than that during heating,
and the indoor fan 7 is stopped.

[0070] Operation of the compressor 1, the expansion
valve 4, the indoor fan 7, and the outdoor fan 8 after time
t2 is the same as that in the second embodiment.
[0071] According to this embodiment, even if frost ad-
heres to a front surface of the outdoor heat exchanger 5
without any space thereon, it becomes possible to melt
part of the frost on the outdoor heat exchanger 5 by mak-
ing use of heat after the heating to thereby form an airway
or airways, through which outdoor air passes upon op-
eration of the outdoor fan 8, thus making it possible to
efficiently conduct the defrosting with use of atmospheric
heat. Also, when the heat after the heating flows directly
through the outdoor heat exchanger 5, the heat makes
it easy to separate the frost from fins of the outdoor heat
exchanger 5, thus making it possible to shorten the time
period for defrosting by the operation of the outdoor fan 8.

(Embodiment 6)

[0072] Fig. 9 is a timing chart indicating a control op-
eration of the air conditioner according to the present
invention when a defrosting operation is conducted by
switching a four-way valve. In this embodiment, an elec-
tromagnetic expansion valve is used as the pressure re-
ducing device 4, and the defrosting operation by switch-
ing of the four-way valve and the defrosting operation
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with use of atmospheric heat are both employed as ex-
plained later.

[0073] As shown in Fig. 9, at time t1 during heating,
the defrosting start decision section 50 of the outdoor
controller 13 makes a decision to start defrosting. If the
temperature detected by the outdoor temperature sensor
6 is less than the second predetermined temperature,
the operation frequency of the compressor 1 is reduced,
and the four-way valve 2 is switched to the cooling circuit
for defrosting. At the same time, the outdoor fan 8 and
the indoor fan 7 are stopped, and the expansion valve 4
is closed to about half of an opening during heating.
[0074] At time t2, the frequency of the compressor 1
is increased, and the expansion valve 4 is opened to an
opening between the opening during heating and an
opening during the defrosting operation by switching of
the four-way valve. At time t3, the compressor 1 is
stopped to terminate the defrosting operation by switch-
ing of the four-way valve, and the outdoor fan 8 is oper-
ated to conduct the defrosting operation with use of at-
mospheric heat.

[0075] In the defrosting operation with use of atmos-
pheric heat upon operation of the outdoor fan 8, the ex-
pansion valve 4 is set to a fully or almost fully closed
state, the stopped state of the indoor fan 7 is maintained,
and the four-way valve 2 retains the cooling circuit. In
this event, operation of the outdoor fan 8 is started, but
it is preferred that the speed of the outdoor fan 8 be in-
creased to a speed higher than that during heating or a
maximum speed by the outdoor fan operating section 53.
However, the speed of the outdoor fan 8 may be set to
the speed during heating.

[0076] The defrosting operation is terminated at time
t4, and the refrigerating cycle returns to a state prior to
the defrosting operation and subsequently to the normal
heat pump heating operation at time t5.

[0077] If atime period during which the heat pump re-
frigerating cycle is being set to the cooling circuit upon
switching of the four-way valve 2 is limited to a predeter-
mined time period or less, the defrosting operation by
switching of the four-way valve can efficiently melt part
of frost adhering to the outdoor heat exchanger 5 within
a short time period.

[0078] Even if sufficient defrosting has not been at-
tained, an airway or airways through which outdoor air
passes during the defrosting operation by the outdoor
fan 8 are positively formed, thus making it possible to
conduct an efficient defrosting operation with use of at-
mospheric heat. If the refrigerating cycle is switched,
when the outdoor piping temperature sensor 9 has de-
tected a third predetermined temperature higher than the
first predetermined temperature, from the defrosting op-
eration by switching of the four-way valve to the defrost-
ing operation with use of atmospheric heat, the refriger-
ating cycle can be transferred to the defrosting operation
with use of atmospheric heat, which is conducted by the
outdoor fan 8, within a short time period without conduct-
ing the defrosting operation by switching of the four-way
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valve more than necessary (up to a high temperature),
thus enhancing the efficiency of the defrosting operation.
[0079] Although in the above-described embodiment
the defrosting operation with use of atmospheric heat is
conducted when the temperature detected by the outdoor
temperature sensor 6 is greater than or equal to the sec-
ond predetermined temperature (for example, 1°C), the
time period for operation of the outdoor fan 8 can be set
shorter when the temperature detected by the outdoor
temperature sensor 6 is greater than or equal to a fourth
predetermined temperature (for example, 5°C) higher
than the second predetermined temperature than when
the outdoor temperature is less than the fourth predeter-
mined temperature. This is because when the outdoor
temperature is high, the quantity of atmospheric heat is
large, which makes it possible to melt frost adhering to
the outdoor heat exchanger 5 within a shorter time period.
As a result, the time period for the defrosting operation
can be shortened.

Industrial Applicability

[0080] As described above, the air conditioner accord-
ing to the present invention can conduct defrosting using
atmospheric heat without changing component forma-
tions of general air conditioners, and can be accordingly
used for large air conditioning systems as well as air con-
ditioners for home use.

[0081] List of Reference Numerals

compressor
four-way valve

indoor heat exchanger

pressure reducing device

outdoor heat exchanger

outdoor temperature sensor

indoor fan

outdoor fan

9 outdoor piping temperature sensor

10  indoor unit

11 outdoor unit

12 indoor controller

13 outdoor controller

50 defrosting start decision section

51  compressor operating section

52  expansion valve opening control section
53  outdoor fan operating section

54  four-way valve switching section

60 defrosting start signal receiving section
61  indoor fan operating section

0O ~NOOTh WN =

Claims

1. An air conditioner having a compressor, a four-way
valve, an indoor heat exchanger, a pressure reduc-
ing device, and an outdoor heat exchanger, all con-
nected in series via a refrigerant circuit to define a
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heat pump refrigerating cycle, the air conditioner
comprising:

an indoor fan for exchanging heat between the
indoor heat exchanger and indoor air;

an outdoor fan for exchanging heat between the
outdoor heat exchanger and outdoor air; and
an outdoor temperature sensor for detecting an
outdoor temperature,

wherein when the outdoor temperature detected
by the outdoor temperature sensor is greater
than or equal to a predetermined temperature,
the compressor is stopped, and the outdoor fan
is operated to defrost the outdoor heat exchang-
er.

The air conditioner according to claim 1, wherein the
heat pump refrigerating cycle is held in a heating
state during a defrosting operation for the outdoor
heat exchanger.

The air conditioner according to claim 1 or 2, wherein
a speed of the outdoor fan during the defrosting op-
eration is set to a speed higher than that during a
heating operation or a maximum speed.

The air conditioner according to any one of claims 1
to 3, wherein an expansion valve is used as the pres-
surereducing device, and the expansion valve s fully
or almost fully closed immediately before or after the
defrosting operation.

The air conditioner according to any one of claims 1
to 3, wherein an expansion valve is used as the pres-
sure reducing device, and before the defrosting op-
eration is conducted, an operation frequency of the
compressor is reduced, and the expansion valve is
subsequently fully or almost fully closed, and where-
in after the compressor has been operated for a pre-
determined time period, the compressor is stopped,
and the outdoor fan is operated.

The air conditioner according to any one of claims 1
to 3, wherein an expansion valve is used as the pres-
sure reducing device, and before the defrosting op-
eration is conducted, the expansion valve is fully or
almost fully closed, and wherein the expansion valve
is subsequently opened for a predetermined time pe-
riod, and the outdoor fan is operated.

The air conditioner according to any one of claims 1
to 3, wherein an expansion valve is used as the pres-
sure reducing device, and before the defrosting op-
eration is conducted, the outdoor fan is stopped, and
the expansion valve is fully or almost fully opened,
and wherein upon operation of a predetermined time
period, the compressor is stopped, and the outdoor
fan is operated.
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An air conditioner having a compressor, a four-way
valve, an indoor heat exchanger, an expansion
valve, and an outdoor heat exchanger, all connected
in series via a refrigerant circuit to define a heat pump
refrigerating cycle, the air conditioner comprising:

an indoor fan for exchanging heat between the
indoor heat exchanger and indoor air;

an outdoor fan for exchanging heat between the
outdoor heat exchanger and outdoor air; and
an outdoor temperature sensor for detecting an
outdoor temperature,

wherein when the outdoor temperature detected
by the outdoor temperature sensor is less than
apredetermined temperature, the heat pump re-
frigerating cycle is switched to a cooling circuit
by the four-way valve, the compressor is subse-
quently stopped, the expansion valve is fully or
almost fully closed, and the outdoor fan is oper-
ated to defrost the outdoor heat exchanger.

The air conditioner according to claim 8, wherein a
time period during which the heat pump refrigerating
cycle is being set to the cooling circuit upon switching
of the four-way valve is limited to a predetermined
time period or less.

The air conditioner according to claim 8, further com-
prising an outdoor piping temperature sensor for de-
tecting an outdoor piping temperature, whereinwhen
the outdoor piping temperature detected by the out-
door piping temperature sensor is less than a pre-
determined temperature, the heat pump refrigerating
cycle is switched to the cooling circuit by the four-
way valve.

The air conditioner according to any one of claims 1
to 10, wherein when the outdoor temperature detect-
ed by the outdoor temperature sensor is greater than
or equal to a predetermined temperature, a time pe-
riod for operation of the outdoor fan is set shorter
than when the outdoor temperature is less than the
predetermined temperature.

10

15

20

25

30

35

40

45

50

55

16



EP 2 330 359 A1

10



EP 2 330 359 A1

Fig.2
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[1] The invention of claim 8 is described in the independent format
and does not refer to the invention of claim 1. However, as shown in
[4] below, aninventive stepwas searchedby consideringthat the invention
of claim 8 defines a control operation when the temperature condition
of the defrosting operation in the invention of claim 1 is not satisfied.
The same applied to the inventions of claims 9-11 referring to claim
8.

[2] Claim 10 contains a phrase of “the aforementioned outdoor piping
temperature.” However, no “outdoor piping temperature” is described
before the phrase. It is wunclear what 1is indicated by “the
aforementioned.” Accordingly, an inventive step was searched by
considering that “the aforementioned” is absent.

[3] Claim 10 describes a new condition that “when the outdoor piping
temperature is below a predetermined temperature.” However, claim 10
referstoclaim8 containingatemperature condition that “when the outdoor
temperature is below a predetermined temperature.” It isunclear whether
both of the conditions shouldbe satisfiedor onlyone of the two conditions
should be satisfied. TIf both of the two conditions should be satisfied,
the invention of claim 10 includes the case that the control operation
defined in claim 8 is not executed even if the condition in claim 8 which
claim 10 refers to is satisfied. This contradicts with the invention
of claim 8.

[4] The invention of claim 11l specifies a control operation “to operate
the outdoor fan” when the condition that “the outdoor temperature is
below a predetermined value”, which is different from the condition in
the invention of claim 1 referred to, is satisfied. However, claim 1
to which claim 11 refers does not define any control operation when the
condition that “the outdoor temperature is below a predetermined value”
is satisfied. Similarly, the invention of claim 11 defines a control
operation “to operate an outdoor fan” when the condition that “the outdoor
temperature is above or equal to a predetermined value” which is different
from the condition in the invention of claim 8 which is referred to.
However, claim 8 does not specify any control operation to be performed
when the condition that “the outdoor temperature is above or equal to
a predetermined value” is satisfied. If the control operation 1is
“operation of the outdoor fan,” it is unclear between the control
operations to be performed when the condition of claim 1 or claim 8 is
satisfied and not satisfied.

In order to establish different conditions, the invention of claim
8 should refer to claim 1 and the invention of claim 11 should refer
to claim 8 or claims 9 and 10 which refer to claim 8.
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