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(54) AIR CONDITIONER, METHOD FOR CONTROLLING AIR CONDITIONER, AND PROGRAM

(57) In order to make it possible to perform a washing
operation appropriately in an air-conditioner, this air-con-
ditioner includes: a refrigeration cycle including a com-
pressor for compressing a refrigerant, and an indoor heat
exchanger for cooling or heating air in an air-conditioned
room; a control device for controlling the refrigeration cy-
cle to perform a washing operation for washing a surface
of the indoor heat exchanger; an indoor fan for delivering
air to the indoor heat exchanger; and an air state sensor
for detecting a temperature or humidity of air that flows
in from the air-conditioned room. The control device in-
cludes: a function (S102, S104) of driving the indoor fan
for a predetermined time before performing the washing
operation; and a function (S10, S120) of allowing the
washing operation to be performed on condition that a
detection result from the air state sensor after the indoor
fan has been driven is within a first predetermined range.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an air-condi-
tioner, a method of controlling an air-conditioner, and a
program.

BACKGROUND ART

[0002] With regard to a washing operation for an air-
conditioner, Patent Literature 1 indicated below de-
scribes that "An air-conditioner is provided with: a refrig-
eration cycle including a heat exchanger for cooling or
heating ambient air; and a control device 130 that can
perform a heating operation, a cooling operation, a de-
humidification operation and the like, and controls the
refrigeration cycle to perform a washing operation for
washing the surface of the heat exchanger. Here, the
control device 130 includes a regulating controller 138
that regulates the performing of the washing operation
when a predetermined condition arises" (see Abstract).
[0003] Patent Literature 1 also describes that, with re-
spect to the sensing of temperature in an air-conditioned
room, i.e., the interior space in which an indoor unit is
installed, "the room temperature sensing unit 161 senses
the temperature of the inside of an air-conditioned room,
and is preferably adapted to detect, using a far-infrared
sensor, such as a thermopile, the room temperature of
an area equivalent to an area captured by an image cap-
ture unit 110" (see the Description, paragraph 0020).

CITATION LIST

PATENT LITERATURE

[0004] Patent Literature 1: JP-A-6296633

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] Generally, the indoor unit of an air-conditioner
has a plurality of sensors, and, as described in Patent
Literature 1, one of the sensors may sometimes be ap-
plied as a sensor for detecting the state of the air-condi-
tioned room. However, depending on the status of the
indoor unit, the discrepancy between the measurement
result from the sensor and the actual state of the air-
conditioned room may become large, possibly resulting
in an inability to perform the washing operation appropri-
ately.
[0006] The present invention has been made in view
of the above circumstances, and an object of the present
invention is to provide an air-conditioner that can perform
a washing operation appropriately, a method of control-
ling an air-conditioner, and a program.

SOLUTION TO THE PROBLEMS

[0007] In order to solve the problem, an air-conditioner
of the present invention includes: a refrigeration cycle
including a compressor for compressing a refrigerant,
and an indoor heat exchanger for cooling or heating air
in an air-conditioned room; a control device for controlling
the refrigeration cycle to perform a washing operation for
washing a surface of the indoor heat exchanger; an in-
door fan for delivering air to the indoor heat exchanger;
and an air state sensor for detecting a temperature or
humidity of air that flows in from the air-conditioned room.
The control device includes: a function of driving the in-
door fan for a predetermined time before performing the
washing operation; and a function of allowing the wash-
ing operation to be performed on condition that a detec-
tion result from the air state sensor after the indoor fan
has been driven is within a first predetermined range.

EFFECTS OF THE INVENTION

[0008] According to the present invention, a washing
operation can be performed appropriately.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 is a system diagram of an air-conditioner 100
according to a first embodiment of the present inven-
tion.
Fig. 2 is a side cross-sectional view of an indoor unit
according to the first embodiment.
Fig. 3 is a flowchart of a washing operation process
routine in the first embodiment.
Fig. 4 is a flowchart of a washing operation process
routine according to a second embodiment.
Fig. 5 is a flowchart of a washing operation process
routine according to a third embodiment.

DESCRIPTION OF THE EMBODIMENTS

[First Embodiment]

<Configuration of Air-Conditioner>

[0010] Fig. 1 is a system diagram of an air-conditioner
100 according to a first embodiment of the present in-
vention.
[0011] The air-conditioner 100 is provided with an out-
door unit 30, an indoor unit 60, and a control device 20
for controlling the units. The indoor unit 60 sets an oper-
ation mode (such as cooling, heating, dehumidification,
or ventilation), an indoor air volume (such as rapid air,
strong air, or weak air), a target indoor temperature and
the like, in accordance with signals input from a remote
controller 90.
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(Control Device 20)

[0012] The control device 20 is provided with hardware
as a general computer, including a central processing
unit (CPU), a digital signal processor (DSP), a random-
access memory (RAM), and a read only memory (ROM).
In the ROM, a control program executed by the CPU and
various data and the like are stored. The control device
20 controls various portions of the outdoor unit 30 and
the indoor unit 60 based on the control program. The
details thereof will be described later.

(Outdoor Unit 30)

[0013] The outdoor unit 30 is provided with a compres-
sor 32, a four-way switching valve 34, and an outdoor
heat exchanger 36. The compressor 32 is provided with
a motor 32a, and has the function of compressing a re-
frigerant that flows in via the four-way switching valve 34.
A pipe a1 is installed with a suction-side temperature
sensor 41 for detecting the temperature of the refrigerant
suctioned into the compressor 32, and a suction-side
pressure sensor 45 for detecting the pressure of the re-
frigerant suctioned into the compressor 32. A pipe a2 is
installed with a discharge-side temperature sensor 42 for
detecting the temperature of the refrigerant discharged
from the compressor 32, and a discharge-side pressure
sensor 46 for detecting the pressure of the refrigerant
discharged from the compressor 32. The compressor 32
is fitted with a compressor temperature sensor 43 for
detecting the temperature of the compressor 32.
[0014] The four-way switching valve 34 has the func-
tion of switching the direction of the refrigerant supplied
to the indoor unit 60, depending on whether the indoor
heat exchanger 64 is caused to function as an evaporator
or as a condenser. When the indoor heat exchanger 64
is caused to function as an evaporator, the four-way
switching valve 34, during a cooling operation, for exam-
ple, is turned to connect pipes a2 and a3 and to connect
pipes a1 and a6 along the paths of solid lines. In this
case, the high-temperature, high-pressure refrigerant
discharged from the compressor 32 is cooled by the out-
door heat exchanger 36. The cooled refrigerant is sup-
plied via a pipe a5 to the indoor unit 60.
[0015] When the indoor heat exchanger 64 is caused
to function as a condenser, the four-way switching valve
34, during a heating operation, for example, is turned to
connect the pipes a2 and a6 and to connect the pipes a1
and a3 along the paths of dashed lines. In this case, the
high-temperature, high-pressure refrigerant discharged
from the compressor 32 is supplied via the pipes a2 and
a6 to the indoor unit 60. An outdoor fan 48 is provided
with a motor 48a, and delivers air to the outdoor heat
exchanger 36.
[0016] The outdoor heat exchanger 36 is a heat ex-
changer for exchanging heat between the air delivered
from the outdoor fan 48 and the refrigerant, and is con-
nected to the compressor 32 via the four-way switching

valve 34. The outdoor unit 30 is fitted with: an outdoor
heat exchanger entrance temperature sensor 51 for de-
tecting the temperature of the air that flows into the out-
door heat exchanger 36; an outdoor heat exchanger re-
frigerant gas temperature sensor 53 for detecting the
temperature of gas-side refrigerant of the outdoor heat
exchanger 36; and an outdoor heat exchanger refrigerant
liquid temperature sensor 55 for detecting the tempera-
ture of liquid-side refrigerant of the outdoor heat exchang-
er 36.
[0017] A power supply unit 54 receives a three-phase
alternating-current voltage from a commercial power
supply 22. A power measurement unit 58 is connected
to the power supply unit 54 to measure power consump-
tion by the air-conditioner 100. The power supply unit 54
outputs a direct-current voltage that is supplied to a motor
controller 56. The motor controller 56 is provided with an
inverter (not illustrated), and supplies an alternating-cur-
rent voltage to the motor 32a of the compressor 32 and
the motor 48a of the outdoor fan 48. The motor controller
56 also controls the motors 32a and 48a in a sensorless
manner to thereby detect the rotating speed of the motors
32a and 48a.

(Indoor Unit 60)

[0018] The indoor unit 60 is provided with: an indoor
expansion valve 62; an indoor heat exchanger 64; an
indoor fan 66; a motor controller 67; and a remote con-
troller communication unit 68 for performing bi-directional
communication with the remote controller 90. The indoor
fan 66 is provided with a motor 66a and delivers air to
the indoor heat exchanger 64. The motor controller 67 is
provided with an inverter (not illustrated) and supplies an
alternating-current voltage to the motor 66a. The motor
controller 67 also controls the motor 66a in a sensorless
manner to thereby detect the rotating speed of the motor
66a.
[0019] The indoor expansion valve 62 is inserted be-
tween pipes a5 and a7, and has the function of adjusting
the flow volume of the refrigerant flowing through the
pipes a5 and a7 and reducing the pressure of the refrig-
erant on the secondary side of the indoor expansion valve
62. The indoor heat exchanger 64 is a heat exchanger
for exchanging heat between indoor air delivered from
the indoor fan 66 and the refrigerant, and is connected
to the indoor expansion valve 62 via a pipe a7.
[0020] The indoor unit 60 is also provided with: an in-
door heat exchanger entry air temperature sensor 70 (air
state sensor); an indoor heat exchanger discharge air
temperature sensor 72; an indoor heat exchanger entry
humidity sensor 74; an indoor heat exchanger refrigerant
liquid temperature sensor 25; and an indoor heat ex-
changer refrigerant gas temperature sensor 26.
[0021] The indoor heat exchanger entry air tempera-
ture sensor 70 detects the temperature of the air drawn
by the indoor fan 66. The indoor heat exchanger dis-
charge air temperature sensor 72 detects the tempera-
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ture of the air discharged from the indoor heat exchanger
64.
[0022] The indoor heat exchanger entry humidity sen-
sor 74 (air state sensor) detects the humidity of the air
drawn by the indoor fan 66. The indoor heat exchanger
refrigerant liquid temperature sensor 25 and the indoor
heat exchanger refrigerant gas temperature sensor 26
are disposed where the indoor heat exchanger 64 and
the pipe a6 are connected, and detect the temperature
of the refrigerant flowing through the connection. Thus,
the compressor 32, the four-way switching valve 34, the
outdoor heat exchanger 36, the indoor expansion valve
62, the indoor heat exchanger 64, and the pipes a1 to a7
form a refrigeration cycle RC.
[0023] Fig. 2 is a side cross-sectional view of the indoor
unit 60. The indoor unit 60 is of a so-called "ceiling cas-
sette-type" that is embedded in a ceiling 130, with a lower
surface exposed in the air-conditioned room.
[0024] Referring to Fig. 2, the indoor heat exchanger
64 is formed as a plate bent in substantially V-shape, and
is installed in a central part of the indoor unit 60. The
indoor fan 66 has fins arranged in a substantially cylin-
drical shape, and is disposed forwardly of the indoor heat
exchanger 64. A drain pan 140 for receiving dew-con-
densed water is disposed under the indoor heat exchang-
er 64 and the indoor fan 66.
[0025] To the rear of the indoor heat exchanger 64, an
inclined air filter 142 is disposed. The lower surface of
the indoor unit 60 is covered with a decorative plate 143.
An air intake opening 144 is formed by slitting the deco-
rative plate 143 under the air filter 142. The indoor heat
exchanger entry air temperature sensor 70 is disposed
between the indoor heat exchanger 64 and the air filter
142.
[0026] To the front of the indoor fan 66, an air blow-out
passageway 146 is formed. A horizontal deflector 148 is
disposed at a point along the air blow-out passageway
146, and controls the direction of air flow in the horizontal
direction (perpendicular to the sheet). A vertical deflector
150 is disposed at the exit portion of the air blow-out
passageway 146, and pivots about a support point 150a
to control the direction of air flow in the vertical direction.
The horizontal deflector 148 and the vertical deflector
150 are pivotally driven by the control device 20 (see Fig.
1). In Fig. 2, the vertical deflector 150 indicated by solid
lines indicates its position in fully open state.
[0027] When the air-conditioner 100 is at rest, the ver-
tical deflector 150 is pivoted to a fully closed position 152
indicated by dashed and single-dotted lines. When a
washing operation is performed, as will be described lat-
er, the vertical deflector 150 is pivoted to a position 156
indicated by dashed and single-dotted line, and is there-
after pivoted to a washing operation position 154. As the
degree of opening of the vertical deflector 150 increases,
the duct resistance of the air blow-out passageway 146
becomes smaller. However, even when the vertical de-
flector 150 is closed at the fully closed position 152, there
is a gap FS formed between the vertical deflector 150

and the decorative plate 143, so that a small amount of
air can flow through the gap FS.

<Operation of Embodiment>

(Outline of Washing Operation)

[0028] The operation of the present embodiment will
be described.
[0029] In the present embodiment, a "washing opera-
tion" is performed automatically or by a user’s instruction.
The "washing operation" refers to an operation for caus-
ing frost formation or dew condensation on the surface
of the indoor heat exchanger 64, and washing the surface
of the indoor heat exchanger 64 using water due to the
frost formation or condensation. The washing operation
is performed automatically when, for example, a setting
is made to perform the washing operation periodically at
predetermined time intervals. The washing operation is
classified into a "frozen washing operation" and a "dew
condensation washing operation".
[0030] In the frozen washing operation, the control de-
vice 20 (see Fig. 1) turns the four-way switching valve
34 in the direction indicated by solid line so that the indoor
heat exchanger 64 becomes an evaporator. Then, the
control device 20 sets the state of each of the portions
of the air-conditioner 100, such as the rotating speed of
the compressor 32, the degree of opening of the indoor
expansion valve 62, and the rotating speed of the indoor
fan 66 so that the surface temperature of the indoor heat
exchanger 64 becomes below zero. As this state is con-
tinued, frost forms on the surface of the indoor heat ex-
changer 64.
[0031] Next, the control device 20 turns the four-way
switching valve 34 in the direction indicated by dashed
line so that the indoor heat exchanger 64 becomes a
condenser, and heats the indoor heat exchanger 64.
Thereby, the frost attached to the indoor heat exchanger
64 melts, rinsing the surface of the indoor heat exchanger
64. The control device 20 keeps heating the indoor heat
exchanger 64 for a while thereafter, and keeps driving
the indoor fan 66. As a result, the surface of the indoor
heat exchanger 64 becomes dry. Through the above
steps, the frozen washing operation comes to an end.
[0032] During the dew condensation washing opera-
tion, the control device 20 (see Fig. 1) also turns the four-
way switching valve 34 in the direction indicated by solid
line so that the indoor heat exchanger 64 becomes an
evaporator. Next, the control device 20 sets the state of
each of the various parts of the air-conditioner 100 so
that the surface temperature of the indoor heat exchang-
er 64 becomes lower than a dew-point temperature and
higher than zero. As this state is continued, dew conden-
sation occurs on the surface of the indoor heat exchanger
64, and the water due to the condensation rinses the
surface of the indoor heat exchanger 64. Thereafter, the
control device 20 turns the four-way switching valve 34
in the direction indicated by dashed line so that the indoor
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heat exchanger 64 becomes a condenser, and keeps
heating the indoor heat exchanger 64 and driving the
indoor fan 66. In this way, the surface of the indoor heat
exchanger 64 becomes dry. Through the above steps,
the dew condensation washing operation comes to an
end.

(Operation by Washing Operation Process Routine)

[0033] Fig. 3 is a flowchart of a washing operation proc-
ess routine in the present embodiment.
[0034] The present routine is performed when the user
has entered on the remote controller 90 a command for
performing the washing operation, or by the user’s in-
struction when it is the time to perform an automatic op-
eration of the washing operation.
[0035] Referring to Fig. 3, as the process proceeds to
step S101, the vertical deflector 150 is opened to the
position 156 indicated in Fig. 2. As the process proceeds
to step S102, rotational driving of the indoor fan 66 is
started. As the process proceeds to step S104, the proc-
ess stands by for a predetermined time. The predeter-
mined time is a time for the temperature and humidity
around the indoor heat exchanger entry air temperature
sensor 70 (see Fig. 2) and the indoor heat exchanger
entry humidity sensor 74 to become close to the temper-
ature and humidity of the air-conditioned room. The pre-
determined time may be 30 seconds or more and 5 min-
utes or less, for example.
[0036] After the elapse of the predetermined time, as
the process proceeds to step S106, the process diverges
based on the range of relative humidity H that is the de-
tection result from the indoor heat exchanger entry hu-
midity sensor 74. More specifically, the process diverges
based on the result of comparison between the relative
humidity H and constants H10, H12, H14, and H16. The
constants have the relationship "H10 < H12 < H14 < H16",
wherein the constants H12, H14 are the minimum value
and the maximum value of the relative humidity consid-
ered to be preferable for the frozen washing operation.
[0037] If the relative humidity H is lower than the con-
stant H12, the relative humidity H is too low so that, even
if the frozen washing operation were to be attempted, a
sufficient amount of frost would not be formed on the
indoor heat exchanger 64 and a sufficient washing effect
would not be obtained. If the relative humidity H is too
high, if the frozen washing operation were to be attempt-
ed, dew condensation may occur at locations other than
the indoor heat exchanger 64. For example, if dew con-
densation occurs on the indoor fan 66 or the air blow-out
passageway 146, the problem that the dew-condensed
water leaks into the air-conditioned room via the air blow-
out passageway 146 may arise.
[0038] The constant H 14 is the value of the relative
humidity H such that a dew condensation caused in lo-
cations other than the indoor heat exchanger 64 would
be less of a problem. In other words, the range in which
the relative humidity H is "H12 ≤ H < H14" is a range that

is preferable for performing the frozen washing operation.
The constant H10 is a relative humidity at which it is con-
sidered difficult to produce, by dew condensation on the
indoor heat exchanger 64, a sufficient amount of water
for performing the dew condensation washing operation.
The constant H16 is a relative humidity at which dew
condensation may possibly occur at locations other than
the indoor heat exchanger 64 when the dew condensa-
tion washing operation were to be attempted.
[0039] In step S106, if the relative humidity H is in the
range "H12 ≤ H < H14", the process proceeds to step
S110. If the relative humidity H is in the range "H10 ≤ H
< H12" or "H14 ≤ H < H16", the process proceeds to step
S120. If the relative humidity H is in the range "Other",
i.e., "H < H10" or "H16 ≤ H", the process proceeds to step
S130.
[0040] In step S110, the process diverges based on
the range of room temperature T that is the detection
result from the indoor heat exchanger entry air temper-
ature sensor 70. More specifically, the process diverges
based on the result of comparison between the room
temperature T and constants T10, T12, T14, and T16.
The constants have the relationship "T10 < T12 < T14 <
T16".
[0041] If the room temperature T is in the range "T10
≤ T < T12", the process proceeds to step S112 in which
a "frozen washing operation F1" is performed. If the room
temperature T is in the range "T12 ≤ T < T14", the process
proceeds to step S114 in which a "frozen washing oper-
ation F2" is performed. If the room temperature T is in
the range "T14 ≤ T < T16", the process proceeds to step
S116 in which a "frozen washing operation F3" is per-
formed. In the other cases, i.e., if the room temperature
T is lower than the constant T10 or higher than T16, the
process proceeds to step S130.
[0042] The constant T10 is a value in the vicinity of
0°C, such as a value on the order of 1°C to 6°C. The
drain pan 140 (see Fig. 2) of the indoor unit 60 is fitted
with a drain pipe, a drain pump and the like (not illustrated)
for discharging dew condensation water. If a location aris-
es where the temperature of the dew condensation water
is 0°C or lower, the drain pipe and the like may become
clogged at that location. Accordingly, the constant T10
is set to a value on the order of 1°C to 6°C with some
margin with respect to "0°C", so that, when the room tem-
perature T has become lower than the constant T10, the
washing operation can be cancelled. If the room temper-
ature T is too high, it may be impossible to ensure cooling
capacity to such an extent that sufficient frost formation
can be caused on the indoor heat exchanger 64. The
constant T16 may be set to a temperature at which suf-
ficient frost formation can be caused on the indoor heat
exchanger 64.
[0043] The frozen washing operations F1, F2, and F3
have their operation contents set so that the cooling ca-
pacity increases as the range of room temperature T be-
comes higher. More particularly, when the compressor
32 (see Fig. 1) during the frozen washing operations F1,
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F2, and F3 respectively has rotating speeds NF1, NF2,
and NF3, the rotating speeds have the relationship "NF1
< NF2 < NF3". During each of the frozen washing oper-
ations F1, F2, and F3, the control device 20 sets the
position of the vertical deflector 150 to the washing op-
eration position 154 (see Fig. 2).
[0044] As the process proceeds from step S106 to step
S120, the process diverges based on the range of room
temperature T. More specifically, the process diverges
based on the result of comparison between the room
temperature T and constants T20, T22, T24, and T26.
The constants have the relationship "T20 < T22 < T24 <
T26".
[0045] If the room temperature T is in the range "T20
≤ T < T22", the process proceeds to step S122 in which
a "dew condensation washing operation C1" is per-
formed. If the room temperature T is in the range "T22 ≤
T < T24", the process proceeds to step S124 in which a
"dew condensation washing operation C2" is performed.
If the room temperature T is in the range "T24 ≤ T < T26",
the process proceeds to step S126 in which a "dew con-
densation washing operation C3" is performed. In the
other cases, i.e., if the room temperature T is lower than
the constant T20 or higher than T26, the process pro-
ceeds to step S130.
[0046] Here, the constant T20, similarly to the constant
T10 described above, is a value on the order of 1°C to
6°C, for example. The constant T20 may be the same as
constant T10. The constant T26 may be set to a temper-
ature such that sufficient dew condensation can be
caused on the indoor heat exchanger 64. Accordingly,
the constant T26 may preferably be higher than the con-
stant T16 described above.
[0047] The dew condensation washing operations C1,
C2, and C3 have their operation contents set so that the
cooling capacity increases as the range of room temper-
ature T becomes higher. More particularly, when the
compressor 32 (see Fig. 1) during the dew condensation
washing operations C1, C2, and C3 respectively has ro-
tating speeds NC1, NC2, and NC3, the rotating speeds
have the relationship "NC1 < NC2 < NC3". Further, be-
cause the dew condensation washing operation lowers
the cooling capacity compared to the frozen washing op-
eration, the rotating speeds, when combined with the ro-
tating speeds NF1, NF2, and NF3 during the frozen wash-
ing operation described above, have the relationship
"NC1 < NC2 < NC3 < NF1 < NF2 < NF3". In each of the
dew condensation washing operations C1, C2, and C3,
the control device 20 sets the position of the vertical de-
flector 150 to the washing operation position 154 (see
Fig. 2).
[0048] As any of the processes of steps S112 to S116
and S122 to S126 described above comes to an end, the
process proceeds to step S130 in which the control de-
vice 20 performs a washing operation shut-down proc-
ess. That is, the control device 20 shuts down the refrig-
eration cycle RC, shuts down the indoor fan 66, and caus-
es the vertical deflector 150 to pivot to the fully closed

position 152 (see Fig. 2). If "Other" has been determined
in any of the steps S106, S110, and S120, neither the
frozen washing operation nor the dew condensation
washing operation are performed, and the shut-down
process of step S130 is performed. Thus, the process of
the present routine ends.

(Operation of Watch-Over Operation)

[0049] In the present embodiment, an operation called
"watch-over operation" is also performed. In general, a
"watch-over operation" refers to performing a cooling op-
eration automatically when the temperature of the air-
conditioned room has become a predetermined temper-
ature or above. In the present embodiment, upon instruc-
tion from the user via the remote controller 90 to perform
the "watch-over operation", the control device 20, in the
period in which the refrigeration cycle RC is shut down,
performs a "room temperature acquisition process" at
predetermined monitoring periodic intervals. The "room
temperature acquisition process" refers to taking the air
in the air-conditioned room into the indoor unit 60 by driv-
ing the indoor fan 66 for a predetermined time, and ac-
quiring the detection result from the indoor heat exchang-
er entry air temperature sensor 70 as the room temper-
ature T. Next, the control device 20 determines whether
the acquired room temperature T is higher than or equal
to a predetermined temperature and, if the determination
result is "Yes", performs cooling operation.
[0050] Thus, the "room temperature acquisition proc-
ess" during the "watch-over operation" is similar to the
process of steps S101, S102, S104, and S106 of the
washing operation (see Fig. 3) in that the indoor fan 66
is driven to take the air in the air-conditioned room into
the indoor unit 60 and the room temperature T is ac-
quired.
[0051] However, as described above, in step S101 of
the washing operation, the vertical deflector 150 is
opened to the position 156 (see Fig. 2). The "room tem-
perature acquisition process" during the "watch-over op-
eration" differs in that the vertical deflector 150 remains
at the fully closed position 152.
[0052] Also, the drive time of the indoor fan 66 (standby
time in step S104) during the washing operation is longer
than the drive time of the indoor fan 66 during the room
temperature acquisition process of the watch-over oper-
ation. In addition, the rotating speed of the indoor fan 66
(rotating speed in step S104) during the washing opera-
tion is higher than the rotating speed of the indoor fan 66
during the room temperature acquisition process of the
watch-over operation.
[0053] Thus, the process of steps S101 to S106 during
the washing operation differs from the room temperature
acquisition process of the watch-over operation in that
the degree of opening of the vertical deflector 150 is
greater, the drive time of the indoor fan 66 is longer, and
the rotating speed of the indoor fan 66 is higher. One of
the reasons for such differences is that during the room
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temperature acquisition process of the watch-over oper-
ation, only the room temperature T needs to be acquired,
and it is not necessary to measure the relative humidity
H. Particularly, when the inside of the indoor unit 60 is
dry, in order to match the relative humidity in the indoor
unit 60 with the relative humidity of the air-conditioned
room, it is preferable to increase the drive time of the
indoor fan 66 compared to when only the temperature is
matched.

<Effects of First Embodiment>

[0054] Thus, according to the present embodiment, the
control device (20) has the function (S102, S104) of driv-
ing the indoor fan (66) for a predetermined time before
performing the washing operation, and the function
(S110, S120) of performing the washing operation on
condition that the detection result from the air state sen-
sor (70, 74) after the indoor fan (66) has been driven is
within a first predetermined range.
[0055] In this way, according to the present embodi-
ment, the detection result from the air state sensor (70,
74) can be made accurate, and the washing operation
can be performed appropriately.
[0056] Further, the predetermined time is a time great-
er than or equal to 30 seconds, and, even when it is being
determined whether the detection result from the air state
sensor (70, 74) is within the first predetermined range,
the driving of the indoor fan (66) is continued. This makes
it possible to make the detection result from the air state
sensor (70, 74) even more accurate, and the washing
operation can be performed even more appropriately.
[0057] The control device (20) further has the function
(S101) of placing the vertical deflector (150) in a state
more open than the closed state in a predetermined pe-
riod of time. This makes it possible to promote the flow
of air through the air-conditioner (100), make the detec-
tion result from the air state sensor (70, 74) even more
accurate, and perform the washing operation even more
appropriately.
[0058] The control device (20) has the watch-over op-
eration function of performing cooling operation automat-
ically in accordance with the detection result from the air
state sensor (70, 74) after the indoor fan (66) has been
rotated, wherein the rotating speed at which the indoor
fan (66) is rotated before the washing operation is per-
formed is higher than the rotating speed at which the
indoor fan (66) is rotated before the watch-over operation
function is performed. Thus, compared to when the
watch-over operation is performed, it is possible to make
the detection result from the air state sensor (70, 74)
even more accurate, so that the washing operation can
be performed even more appropriately.
[0059] The control device (20) further has the function
(S10, S120) of setting the rotating speed of the compres-
sor (32) based on the detection result from the air state
sensor (70, 74) after the indoor fan (66) has been driven.
Thus, depending on the situation, it is possible to provide

the air-conditioner (100) with an appropriate cooling ca-
pacity.
[0060] The control device (20) further has the function
(S106) of selecting, based on the detection result from
the air state sensor (70, 74) after the indoor fan (66) has
been driven, the frozen washing operation for causing
frost formation on the indoor heat exchanger (64), or the
dew condensation washing operation for causing dew
condensation without causing frost formation on the in-
door heat exchanger (64). Thus, depending on the situ-
ation, it is possible to select the proper side as appropri-
ate: the frozen washing operation or the dew condensa-
tion washing operation.

[Second Embodiment]

<Configuration and Operation of Second Embodiment>

[0061] A second embodiment of the present invention
will be described.
[0062] The hardware configuration of the second em-
bodiment is similar to that of the first embodiment (see
Fig. 1 and Fig. 2). However, in the present embodiment,
instead of the washing operation process routine depict-
ed in Fig. 3, a washing operation process routine depicted
in Fig. 4 is performed.
[0063] The present routine is also performed when the
user has entered on the remote controller 90 a command
for performing the washing operation (see Fig. 1), or
when it is the time to perform an automatic operation of
the washing operation.
[0064] Referring to Fig. 4, as the process proceeds to
step S12, it is determined whether the relative humidity
H that is the detection result from the indoor heat ex-
changer entry humidity sensor 74 satisfies the condition
"H60 ≤ H < H62". However, at this point in time, the indoor
fan 66 is not being driven, and therefore the relative hu-
midity H may possibly be far from the actual relative hu-
midity in the air-conditioned room. Here, H60 and H62
are predetermined constants. The constant H60 is a val-
ue slightly lower than the constant H10 discussed in step
S106 of Fig. 3. The constant H62 is a value slightly higher
than the constant H16 discussed in step S106. That is,
the range of the constants H60 to H62 is wider than the
range of the constants H10 to H16.
[0065] If it is determined "Yes" in step S12, the process
proceeds to step S14 in which it is determined whether
an outside air temperature TD that is the detection result
from the outdoor heat exchanger entrance temperature
sensor 51 satisfies the condition "TD0 ≤ TD < TD2". Here,
TD0 and TD2 are predetermined constants. The constant
TD0, similarly to the constants T10 and T20 discussed
in steps S110 and S120, is a value in the vicinity of 0°C,
such as a value on the order of 1 °C to 6°C. If the outside
air temperature is too high, it may be impossible to ensure
cooling capacity to such an extent that sufficient frost
formation or dew condensation can be caused on the
indoor heat exchanger 64. The constant TD2 may be set
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to a temperature at which sufficient frost formation or dew
condensation can be caused on the indoor heat exchang-
er 64.
[0066] If it is determined "Yes" in step S14, the process
proceeds to step S16 in which it is determined whether
the room temperature T that is the detection result from
the indoor heat exchanger entry air temperature sensor
70 satisfies the condition "T80 ≤ T < T82". However, at
this point in time, the indoor fan 66 is not being driven.
Therefore, as in the case of the relative humidity H de-
scribed above, the room temperature T may also possibly
be far from the actual room temperature in the air-con-
ditioned room. Here T80 and T82 are predetermined con-
stants. The constant T80 is a value in the vicinity of 0°C;
the constant T80, however, is set to a value lower than
the constants T10 and T20 discussed in steps S110 and
S120. The constant T82 is set to a value higher than the
constant T26 discussed in step S120. That is, the range
of the constants T80 to T82 is wider than the range of
the constants T10 to T20.
[0067] If it is determined "Yes" in step S16, the same
process as that from step S100 of Fig. 3 is performed.
On the other hand, if it is determined "No" in any of steps
S12, S14, and S16, the process proceeds to step S20 in
which the control device 20 performs the washing oper-
ation shut-down process, and the process of the present
routine ends.

<Effects of Second Embodiment>

[0068] Thus, the present embodiment further has the
function (S12 to S16) of driving the indoor fan (66) on
condition that, before driving the indoor fan (66), the de-
tection result from the air state sensor (70, 74) is within
a second predetermined range. Further, the second pre-
determined range is wider than the first predetermined
range. Thus, if the detection result from the air state sen-
sor (70, 74) is not within the second predetermined range,
no electric power for moving the indoor fan (66) is re-
quired, thereby achieving energy conservation.
[0069] Once the indoor fan (66) is driven, the user
tends to recognize that "the washing operation has been
started". However, if it is determined "Other" in step S106,
S110, or S120 (see Fig. 3), the shut-down process of
step S130 is performed while performing neither the fro-
zen washing operation nor the dew condensation wash-
ing operation. In this case, the user might suspect that
"a failure has occurred in the air-conditioner (100)". Ac-
cording to the present embodiment, it is possible to in-
crease the probability that the frozen washing operation
or the dew condensation washing operation will be per-
formed once the indoor fan (66) has been driven, thus
decreasing the frequency with which the user may have
a suspicion.

[Third Embodiment]

[0070] A third embodiment of the present invention will

be described.
[0071] The hardware configuration of the third embod-
iment is similar to that of the first embodiment (see Fig.
1 and Fig. 2). However, in the present embodiment, in-
stead of the washing operation process routine depicted
in Fig. 3, a washing operation process routine depicted
in Fig. 5 is performed. The present routine is also per-
formed when the user has entered on the remote con-
troller 90 a command for performing the washing opera-
tion (see Fig. 1), or when it is the time to perform an
automatic operation of the washing operation.
[0072] As the routine of Fig. 5 is started, the control
device 20 performs the process of steps S140, S142,
and S144. The contents of the steps are the same as
those of steps S101, S102, and S104 (see Fig. 3) in the
first embodiment. Then, as the process proceeds to step
S150, the process diverges based on the range of room
temperature T that is the detection result from the indoor
heat exchanger entry air temperature sensor 70. More
specifically, the process diverges based on the result of
comparison between the room temperature T and con-
stants T50, T52, T54, T56, T58, T60, and T62. The con-
stants have the relationship "T50 < T52 < T54 < T56 <
T58 < T60 < T62".
[0073] If the room temperature T is in the range "T50
≤ T < T52", the process proceeds to step S152 in which
a "dew condensation washing operation C1" is per-
formed. If the room temperature T is in the range "T52 ≤
T < T54", the process proceeds to step S154 in which a
"dew condensation washing operation C2" is performed.
If the room temperature T is in the range "T54 ≤ T < T56",
the process proceeds to step S156 in which a "frozen
washing operation F1" is performed.
[0074] If the room temperature T is in the range "T56
≤ T < T58", the process proceeds to step S158 in which
a "frozen washing operation F2" is performed. If the room
temperature T is in the range "T58 ≤ T < T60", the process
proceeds to step S160 in which a "frozen washing oper-
ation F3" is performed. If the room temperature T is in
the range "T60 ≤ T < T62", the process proceeds to step
S162 in which a "dew condensation washing operation
C3" is performed. In the other cases, i.e., if the room
temperature T is lower than the constant T50 or higher
than T62, the process proceeds to step S170.
[0075] The contents of the dew condensation washing
operations C1 to C3 and the frozen washing operations
F1 to F3 performed in steps S152 to S162 are the same
as those of the first embodiment. As any of the process
of steps S1 52 to S162 ends, the process proceeds to
step S170 in which the control device 20 performs the
washing operation shut-down process. The content of
the shut-down process is the same as that of step S130
(see Fig. 3) of the first embodiment wherein the control
device 20 shuts down the refrigeration cycle RC, also
shuts down the indoor fan 66, and causes the vertical
deflector 150 to pivot to the fully closed position 152 (see
Fig. 2). If it is determined "Other" in step S150 described
above, the frozen washing operation or the dew conden-
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sation washing operation is not performed, and the shut-
down process of step S170 is performed. Thus, the proc-
ess of the present routine ends.
[0076] In the process of steps S140 to S170 described
above, the determination based on relative humidity is
not made. This is because temperature and relative hu-
midity have a correlation depending on the region in
which the air-conditioner 100 is installed. For example,
assume that the air-conditioner 100 is set for Japan. The
climate of Japan in such that the temperature tends to
become low in winter and high in summer. At the same
time, the relative humidity tends to become low in winter
and high in summer. This means that the relative humidity
has a monotonically increasing correlation with respect
to the temperature.
[0077] In the example depicted in Fig. 5, if the room
temperature T is in the range "T54 ≤ T < T60", it can be
inferred that the relative humidity H will also be in a pref-
erable range for the frozen washing operation, and so
the control device 20 performs the frozen washing oper-
ations F1 to F3. If the room temperature T is in the lower
or upper ranges "T50 ≤ T < T54" or "T60 ≤ T < T62", it
can be inferred that the relative humidity H will also be
in a preferable range for the dew condensation washing
operation, and so the control device 20 performs the dew
condensation washing operations C1 to C3.
[0078] Thus, according to the present embodiment, as
in the first embodiment, it is possible to make the detec-
tion result from the indoor heat exchanger entry air tem-
perature sensor 70 accurate, and the washing operation
can be performed appropriately. Further, in the process
of steps S1 40 to S170 in the present embodiment, the
determination based on relative humidity is not per-
formed. Accordingly, it is possible to omit the indoor heat
exchanger entry humidity sensor 74 depicted in Fig. 1
and Fig. 2, and to reduce costs for the air-conditioner 100.
[0079] In the present embodiment, before the process
of step S140 is performed, the same process as that of
steps S14, S16, and S20 may be performed. That is, if
it is determined "Yes" in both steps S14 and S16, the
process of step S140 and the subsequent steps may be
performed. If it is determined "No" in step S14 or S16,
the shut-down process of step S20 may be performed.
[0080] Thus, as in the second embodiment, it is pos-
sible to reduce electric power for moving the indoor fan
66 and achieve energy conservation. It is also possible
to increase the probability that the frozen washing oper-
ation or the dew condensation washing operation will be
performed once the indoor fan 66 has been driven, thus
decreasing the frequency with which the user may have
a suspicion.

[Modifications]

[0081] The present invention is not limited to the fore-
going embodiments and may include various modifica-
tions. The foregoing embodiments have been described
by way of example to facilitate an understanding of the

present invention, and are not necessarily limited to those
provided with all of the configurations described. Some
of the configurations of one embodiment may be substi-
tuted by a configuration of another embodiment, or a con-
figuration of the other embodiment may be incorporated
into a configuration of one embodiment. With respect to
some of the configurations of each of the embodiments,
deletion, addition, or substitution of other configurations
may be made. The control lines or information lines de-
picted in the drawings are those considered necessary
for illustrative purposes, and do not necessarily represent
all of the control lines or information lines required in a
product. It may be considered that in practice, most of
the configurations are interconnected. Modifications that
may be made with respect to the foregoing embodiments
include the following.

(1) In the embodiments, cooling capacity, i.e., the
rotating speed of the compressor 32, is set in ac-
cordance with the room temperature T. However,
the rotating speed of the compressor 32 may be feed-
back-controlled based on the detection value from
the indoor heat exchanger refrigerant liquid temper-
ature sensor 25 or the indoor heat exchanger refrig-
erant gas temperature sensor 26 so that an appro-
priate refrigerant temperature can be obtained.
(2) In the embodiments, various determinations are
made based on relative humidity H. However, vari-
ous determinations may be made based on absolute
humidity rather than relative humidity H.
(3) The hardware of the control device 20 in the em-
bodiments may be implemented using a general
computer. Accordingly, a program or the like relating
to the flowcharts of Fig. 3 to Fig. 5 may be stored in
a storage medium or distributed via a transmission
path.
(4) The processes depicted in Fig. 3 to Fig. 5 have
been described as software processes using a pro-
gram in the embodiment. However, the processes
may be partly or entirely substituted by hardware
processes using an application specific integrated
circuit (ASIC) or a field programmable gate array
(FPGA), for example.
(5) The present invention may be used preferably
for a ceiling cassette-type indoor unit in which differ-
ences tend to occur between the environment of the
air-conditioned room and the environment in the in-
door unit. However, the present invention is not lim-
ited by the type of indoor unit. For example, the
present invention may be applied to a wall-hanging
indoor unit or a window-type air-conditioner in which
an indoor unit and an outdoor unit are integrated.

DESCRIPTION OF REFERENCE SIGNS

[0082]

20 Control device
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30 Outdoor unit
32 Compressor
64 Indoor heat exchanger
66 Indoor fan
70 Indoor heat exchanger entry air temperature sen-

sor (Air state sensor)
74 Indoor heat exchanger entry humidity sensor (Air

state sensor)
100 Air-conditioner
150 Vertical deflector
RC Refrigeration cycle

Claims

1. An air-conditioner comprising:

a refrigeration cycle including a compressor for
compressing a refrigerant, and an indoor heat
exchanger for cooling or heating air in an air-
conditioned room;
a control device for controlling the refrigeration
cycle to perform a washing operation for wash-
ing a surface of the indoor heat exchanger;
an indoor fan for delivering air to the indoor heat
exchanger; and
an air state sensor for detecting a temperature
or humidity of air that flows in from the air-con-
ditioned room,
wherein the control device includes:

a function of driving the indoor fan for a pre-
determined time before performing the
washing operation; and
a function of allowing the washing operation
to be performed on condition that a detec-
tion result from the air state sensor after the
indoor fan has been driven is within a first
predetermined range.

2. The air-conditioner according to claim 1, further com-
prising a function of driving the indoor fan on condi-
tion that the detection result from the air state sensor
before the indoor fan is driven is within a second
predetermined range.

3. The air-conditioner according to claim 2, wherein
the second predetermined range is wider than the
first predetermined range.

4. The air-conditioner according to claim 3, wherein:

the predetermined time is a time greater than or
equal to 30 seconds; and
when it is being determined whether the detec-
tion result from the air state sensor is within the
first predetermined range, the driving of the in-
door fan is continued.

5. The air-conditioner according to claim 4, further com-
prising a vertical deflector that changes, in a vertical
direction, an air flow discharged into the air-condi-
tioned room, and is placed in closed state during a
shut-down of the refrigeration cycle, wherein
the control device further has a function of placing
the vertical deflector in a state more open than the
closed state during a period of the predetermined
time.

6. The air-conditioner according to claim 5, wherein:

the control device has a watch-over operation
function of performing a cooling operation auto-
matically in accordance with the detection result
from the air state sensor after the indoor fan has
been rotated; and
before the washing operation is performed, the
indoor fan is rotated at a rotating speed higher
than a rotating speed at which the indoor fan is
rotated before the watch-over operation function
is performed.

7. The air-conditioner according to claim 6, wherein
the control device further has a function of setting a
rotating speed of the compressor based on the de-
tection result from the air state sensor after the indoor
fan has been driven.

8. The air-conditioner according to claim 7, wherein
the control device further has a function of selecting,
based on the detection result from the air state sen-
sor after the indoor fan has been driven, a frozen
washing operation for causing frost formation on the
indoor heat exchanger or a dew condensation wash-
ing operation for causing dew condensation without
causing frost formation on the indoor heat exchang-
er.

9. A method of controlling an air-conditioner compris-
ing:

a refrigeration cycle including a compressor for
compressing a refrigerant, and an indoor heat
exchanger for cooling or heating air in an air-
conditioned room;
a control device for controlling the refrigeration
cycle to perform a washing operation for wash-
ing a surface of the indoor heat exchanger;
an indoor fan for delivering air to the indoor heat
exchanger; and
an air state sensor for detecting a temperature
or humidity of air that flows in from the air-con-
ditioned room,
the method comprising:

a step of driving the indoor fan for a prede-
termined time before performing the wash-
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ing operation; and
a step of allowing the washing operation to
be performed on condition that a detection
result from the air state sensor after the in-
door fan has been driven is within a first pre-
determined range.

10. A program for application in an air-conditioner com-
prising:

a refrigeration cycle including a compressor for
compressing a refrigerant, and an indoor heat
exchanger for cooling or heating air in an air-
conditioned room;
a computer for controlling the refrigeration cycle
to perform a washing operation for washing a
surface of the indoor heat exchanger;
an indoor fan for delivering air to the indoor heat
exchanger; and
an air state sensor for detecting a temperature
or humidity of air that flows in from the air-con-
ditioned room,
the program causing the computer to function
as:

a means of driving the indoor fan for a pre-
determined time before performing the
washing operation; and
a means of allowing the washing operation
to be performed on condition that a detec-
tion result from the air state sensor after the
indoor fan has been driven is within a first
predetermined range.

Amended claims under Art. 19.1 PCT

1. (Amended) An air-conditioner comprising:

a refrigeration cycle including a compressor for
compressing a refrigerant, and an indoor heat
exchanger for cooling or heating air in an air-
conditioned room;
a control device for controlling the refrigeration
cycle to perform a freezing operation for making
a surface temperature of the indoor heat ex-
changer below zero;
an indoor fan for delivering air to the indoor heat
exchanger;
a temperature sensor for detecting a tempera-
ture of air that flows in from the air-conditioned
room; and
a humidity sensor for detecting a humidity of the
air that flows in from the air-conditioned room,
wherein the control device has
both of:

a first function of not allowing the freezing
operation to be performed when a relative

humidity of the air is lower than a third pre-
determined value and the temperature of
the air is higher than a first predetermined
value, and
a second function of not allowing the freez-
ing operation to be performed when the rel-
ative humidity of the air is higher than or
equal to the third predetermined value; or

both of:

a third function of not allowing the freezing
operation to be performed when the abso-
lute humidity of the air is lower than a fourth
predetermined value and the temperature
of the air is higher than the first predeter-
mined value, and
a fourth function of not allowing the freezing
operation to be performed when the abso-
lute humidity of the air is higher than or equal
to the fourth predetermined value.

2. (Amended) The air-conditioner according to claim 1,
further comprising a function of driving the indoor fan
on condition that the temperature of the air before
the indoor fan is driven is within a second predeter-
mined range.

3. The air-conditioner according to claim 2, wherein
the second predetermined range is wider than the
first predetermined range.

4. (Amended) The air-conditioner according to claim 1,
wherein:

the control device
further has a function of driving the indoor fan
for a predetermined time of 30 seconds or more
before performing the freezing operation; and
is continuing the driving of the indoor fan when
it is being determined whether the temperature
of the air is within the first predetermined range.

5. (Amended) The air-conditioner according to claim 1,
further comprising a vertical deflector that changes,
in a vertical direction, an air flow discharged into the
air-conditioned room, and is placed in closed state
during a shut-down of the refrigeration cycle, wherein

the control device further has
both of:

a function of driving the indoor fan for a pre-
determined time before performing the
freezing operation; and
a function of placing the vertical deflector in
a state more open than the closed state dur-
ing a period of the predetermined time.
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6. (Amended) The air-conditioner according to claim 1,
wherein:

the control device has a watch-over operation
function of performing a cooling operation auto-
matically in accordance with the detection result
from the temperature sensor after the indoor fan
has been rotated; and
before the freezing operation is performed, the
indoor fan is rotated at a rotating speed higher
than a rotating speed at which the indoor fan is
rotated before the watch-over operation function
is performed.

7. (Amended) The air-conditioner according to claim 1,
wherein
the control device further has a function of setting a
rotating speed of the compressor based on the de-
tection result from the temperature sensor after the
indoor fan has been driven.

8. (Amended) The air-conditioner according to claim 1,
wherein
the control device further has a function of selecting,
based on the detection result from the humidity sen-
sor after the indoor fan has been driven, the freezing
operation for causing frost formation on the indoor
heat exchanger or a dew condensation washing op-
eration for causing dew condensation without caus-
ing frost formation on the indoor heat exchanger.

9. (Deleted)

10. (Deleted)
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