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(54) AIR CONDITIONER

(57)  In the protection control in the indoor heat ex-
change heating operation, the compressor (21) is
stopped when the indoor heat exchange temperature
(Tc)is equal to or higher than the second threshold indoor
heat exchange temperature (Tch2) higher than the first
threshold indoor heat exchange temperature (Tch1) in
the protection control in the heating operation. Alterna-
tively, when the discharge temperature (Td) is equal to
or higher than the first threshold discharge temperature
(Tdh1) in the protection control in the heating operation,
the compressor (21) is stopped. Alternatively, it is not
performed in the protection control in the heating opera-
tion, and the compressor (21) is stopped to prevent the
suction pressure of the compressor (21) from increasing
when the outdoor heat exchange temperature (Te) is
equal to or higher than the threshold outdoor heat ex-
change temperature (Teh). Accordingly, an air condition-
er can be provided which prevents the discharge pres-
sure of the compressor from exceeding the upper limit
value of the use range when performing an operation to
reduce the number of fungi and bacteria.
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Description
Technical Field

[0001] The present invention relates to an air condi-
tioner that suppresses a growth of fungus and bacteria
in an indoor unit.

Background Art

[0002] When the air conditioner performs a cooling op-
eration, condensed water is generated in an indoor heat
exchanger that functions as an evaporator. The con-
densed water generated in the indoor heat exchanger
causes the growth of fungus and bacteria in the indoor
heat exchanger, and when the fungus and the bacteria
grow, the conditioned air blown from the indoor unit has
an unpleasant odor. The air conditioner which dries the
inside of the indoor unit including the indoor heat ex-
changer after the cooling operation is proposed (for ex-
ample, refer to PTL 1 and PTL 2).

Citation List
Patent Literature
[0003]

PTL 1: JP-A-10-62000
PTL 2: JP-A-2016-65687

Summary of Invention
Technical Problem

[0004] In the air conditioner described in PTL 1 and
PTL 2, the indoor heat exchanger is heated to dry the
inside of the indoor unit after the cooling operation. How-
ever, in the above-mentioned heating for drying, a tem-
perature of the indoor heat exchanger is not much differ-
ent from a temperature in a heating operation, and does
not lead to a decrease in the number of fungus and bac-
teria. Generally, in the operation of drying the inside of
the indoor unit as described above, the temperature of
the indoor heat exchanger is set to about 40°C, only the
growth of fungus and bacteria is suppressed at the tem-
perature. However, when the cooling operation is per-
formed again, there is a possibility that fungi and bacteria
of which growth is suppressed may be grown again.
[0005] In order to reduce the number of fungi and bac-
teria, it is considered to further heat the indoor heat ex-
changer to raise the temperature of the indoor heat ex-
changer, for example, to set a target temperature of the
indoor heat exchanger to 50°C or higher. At this time, it
is desirable to make the target temperature as high as
possible in order to significantly reduce the number of
fungi and bacteria in a short time.

[0006] On the other hand, the air conditioner is config-
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ured to be able to perform a protection control so that a
discharge pressure of a compressor does not exceed the
upper limit value of the use range. As one type of pro-
tection control, a temperature lower than the temperature
corresponding to the upper limit value of the use range
of the discharge pressure of the compressor is set to a
threshold temperature, and the compressor is stopped
when the indoor heat exchange temperature exceeds
this threshold temperature.

[0007] Inthe air conditioner that can perform a protec-
tion control as described above, if a threshold tempera-
ture for the protection control described above is lower
than the target temperature of the indoor heat exchanger
in sterilization when the indoor heat exchanger is heated
in order to reduce the number of fungi and bacteria, there
is a problem that the number of fungi and bacteria cannot
be reduced since the compressor is stopped by the pro-
tection control before the indoor heat exchange temper-
ature reaches the target temperature.

[0008] The present invention solves the problem de-
scribed above, and an object thereof is to provide an air
conditioner that prevents the discharge pressure of the
compressor from exceeding the upper limit value of the
use range when performing an operation to reduce the
number of fungi and bacteria.

Solution to Problem

[0009] Inorderto solve the above described problems,
an air conditioner of the present invention includes an
indoor heat exchanger, an indoor unitincluding an indoor
heat exchange temperature sensor detecting an indoor
heat exchange temperature, the indoor heat exchange
temperature being a temperature of the indoor heat ex-
changer, an outdoor unit including a compressor, and
control means for controlling the compressor. The control
means can perform a first protection control and second
protection control when the control means causes the
indoor heat exchanger to function as a condenser. A first
protection control is performed when the indoor heat ex-
change temperature is a temperature higher than a pre-
determined first threshold indoor heat exchange temper-
ature and a second protection control is performed when
the indoor heat exchange temperature is a temperature
higher than a predetermined second threshold indoor
heat exchange temperature higher than the first thresh-
old indoor heat exchange temperature.

Advantageous Effects of Invention

[0010] According to the air conditioner of the present
invention configured as described above, when the in-
door heat exchange temperature is a temperature higher
than a predetermined second threshold indoor heat ex-
change temperature higher than the first threshold indoor
heat exchange temperature, the second protection con-
trol is performed. Accordingly, the discharge pressure of
the compressor is prevented from exceeding the upper
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limit value of the use range when performing an operation
to reduce the number of fungi and bacteria.

Brief Description of Drawings
[0011]

FIG. 1 is a view illustrating an air conditioner accord-
ing to an embodiment of the present invention, (A)
is an external perspective view of an indoor unit and
an outdoor unit, and (B) is a sectional view taken
along line X-Xin (A).

FIG. 2 is a diagram illustrating an air conditioner ac-
cording to an embodiment of the present invention,
(A) is a refrigerant circuit diagram, and (B) is a block
diagram of outdoor unit control means and indoor
unit control means.

FIG. 3 is a flowchart showing a flow of a process of
a heating operation control.

FIG. 4 is a flowchart showing a flow of a process of
a protection control in a heating operation.

FIG. 5 is data showing a survival rate of fungus or
bacteria for each indoor heat exchange temperature,
(A) is for fungus, and (B) is for Escherichia coli.
FIG. 6 is a control table of each fan in an indoor heat
exchange heatingoperation, (A)is anindoor fan con-
trol table, and (B) is an outdoor fan control table.
FIG. 7 is a flowchart showing a flow of a process of
a main routine of an indoor heat exchange heating
operation.

FIG. 8 is a subroutine of an indoor heat exchange
heating operation, and is a flowchart showing a flow
of a process of an operation control before heating.
FIG. 9 is a subroutine of an indoor heat exchange
heating operation, and is a flowchart showing a flow
of a process of an indoor fan control when maintain-
ing a temperature.

FIG. 10 is a subroutine of an indoor heat exchange
heating operation, and is a flowchart showing a flow
of a process of an outdoor fan control when main-
taining a temperature.

FIG. 11 is a flowchart showing a flow of a process
of a protection control in an indoor heat exchange
heating operation.

FIG. 12 is a flowchart showing a flow of a process
of a wet control operation.

Reference Signs List

[0012] 1:air conditioner, 2: outdoor unit, 3: indoor unit,
10: refrigerant circuit, 21: compressor, 27: outdoor fan,
32: indoor fan, 35: vertical wind direction plate, 71: dis-
charge temperature sensor, 72: outdoor heat exchange
temperature sensor, 73: outside air temperature sensor,
74:indoor heat exchange temperature sensor, 75: indoor
temperature sensor, 200: outdoor unit control means,
210: outdoor unit CPU, 300: indoor unit control means,
310: indoor unit CPU, 400: indoor fan control table, 500:
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outdoor fan control table, Tc: indoor heat exchange tem-
perature, Tch1:first threshold indoor heat exchange tem-
perature, Tch2: second threshold indoor heat exchange
temperature, Tc1 to Tcb: first to fifth threshold indoor heat
exchange temperature, ATc: indoor heat exchange tem-
perature change, Te: outdoor heat exchange tempera-
ture, Teh: threshold outdoor heat exchange temperature,
Td: discharge temperature, Tdh1: first threshold dis-
charge temperature, Tdh2: second threshold discharge
temperature, Ti: indoor temperature, Tip: threshold in-
door temperature, To: outside airtemperature, Top1: first
threshold outside air temperature, Top2: second thresh-
old outside air temperature, Top3: third threshold outside
air temperature, Tp: set temperature, AT: temperature
difference, Tch1: first vertical indoor heat exchange tem-
perature, Tch2: second vertical indoor heat exchange
temperature, tp1: first predetermined time, tp2: second
predetermined time, tp3: third predetermined time, tc:
compressor release interval time, ffi: indoor fan release
interval time, Rc: compressor rotation speed, Rcr: com-
pressor release rotation speed, Rcm: compressor mini-
mum rotation speed, Rfi: indoor fan rotation speed. Rfia:
indoor fan rotation speed before heating, Rfir: indoor fan
release rotation speed, Rfim: indoor fan minimum rota-
tion speed, Rfip: indoor fan initial rotation speed, Rfo:
outdoor fan rotation speed, Rfoa: outdoor fan rotation
speed before heating, Rfob: outdoor fan rotation speed
when maintaining, D: expansion valve opening degree,
Dp: predetermined expansion valve opening degree

Description of Embodiments

[0013] Hereinafter, embodiments of the presentinven-
tion will be described in detail based on the attached
drawings. As an embodiment, an air conditioner in which
an outdoor unit and an indoor unit are connected by two
refrigerant pipings will be described as an example. The
present invention is not limited to the following embodi-
ments, and various modifications can be made without
departing from the spirit of the present invention.

[Example]

[0014] As shown in FIG. 1(A), an air conditioner 1 in
the present embodiment includes an outdoor unit2 which
isinstalled outdoors and an indoor unit 3 whichis installed
indoors and connected to the outdoor unit 2 by a liquid
pipe 4 and a gas pipe 5.

<Shape of Indoor unit and Arrangement of Device>

[0015] The indoor unit 3 has an indoor unit housing 30
which is horizontally long and substantially rectangular.
The indoor unit housing 30 is formed of a top panel 30a,
a right side panel 30b, a left side panel 30c, a bottom
panel 30d, and a front panel 30e. All of the panels are
formed using a resin material.

[0016] The top panel 30a is formed in a substantially
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rectangular shape to form the top surface of the indoor
unit housing 30. As shown to FIG. 1(B), a suction port
30f which takes indoor air to the inside of the indoor unit
3is provided in the top panel 30a. Although itis not shown
in the drawing, the suction port 30f is formed in a lattice
shape.

[0017] The right side panel 30b and the left side panel
30c form left and right sides of the indoor unit housing
30. The right side panel 30b and the left side panel 30c
are formed in a curved surface having a predetermined
curvature, and have a left-right symmetric shape.
[0018] The bottom panel 30d is formed in a substan-
tially rectangular shape to form the bottom surface of the
indoor unit housing 30. As shown in FIG. 1(B), a base
30j, which will be described later, is fixed to the bottom
panel 30d.

[0019] The front panel 30e is formed in a substantially
rectangular shape and is disposed to cover the front face
of the indoor unit housing 30. The front panel 30e forms
a design surface of the indoor unit 3.

[0020] As described above, the top panel 30a is pro-
vided with the suction port 30f, and a blowing port 30g
for blowing the indoor air heat-exchanged with a refrig-
erant in the indoor heat exchanger 31 which will be de-
scribed later indoors is provided below the front panel
30e. An indoor fan 32 for sucking the indoor air from the
suction port 30f and blowing the indoor air from the blow-
ing port 30g is provided in an air flow passage 30h con-
necting the suction port 30f and the blowing port 30g.
The indoor heat exchanger 31 formed into a reverse V-
shape by having a bent portion 30n is arranged above
the indoor fan 32. The indoor heat exchanger 31 and the
indoor fan 32 are fixed to the base 30j for attaching the
indoor unit 3 to a wall surface.

[0021] The blowing port 30g is formed by a lower por-
tion of the base 30j and a lower face of the casing 30k
attached to the front panel 30e. Top surfaces of the base
30j and the casing 30k are a drain pan 30m which re-
ceives dew condensation water generated in the indoor
heat exchanger 31.

[0022] The blowing port 30g is provided with two ver-
tical wind direction plates 35 deflecting the air blown from
the blowing port 30g in a vertical direction. Each of two
vertical wind direction plates 35 is formed of a resin ma-
terial, and when the indoor unit 3 is stopped, the vertical
wind direction plates 35 can pivot to close the blowing
port 30g. The vertical wind direction plates 35 are fixed
to a rotation shaft (not shown), and the vertical wind di-
rection plates 35 pivot in the vertical direction to deflect
the air blown from the blowing port 30g in the vertical
direction.

[0023] A plurality of horizontal wind direction plates 36
deflecting the air blown from the blowing port 30g in a
horizontal direction are provided on the upstream side of
the blowing port 30g (the inside of the indoor unit housing
30) as seen from the vertical wind direction plate 35. The
horizontal wind direction plates 36 are formed of a resin
material and are fixed to a rotation shaft (not shown), and
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the horizontal wind direction plates 36 pivotin a horizontal
direction to deflect the air blown from the blowing port
30g in the horizontal direction.

[0024] A filter 38 for removing dust contained in the air
taken into the inside of the indoor unit 3 is arranged up-
stream of the indoor heat exchanger 31 (between the
indoor heat exchanger 31 and the suction port 30f) in the
air flow passage 30h. The filter 38 is formed, for example,
by knitting fibers formed of a resin material in a mesh
shape. When the indoor air taken into the inside of the
housing 30 of the indoor unit 3 from the suction port 30f
passes through the filter 38, dust larger than the mesh
of the filter 38 contained in the indoor air is captured by
the filter 38.

<Configuration of Air Conditioner and Refrigerant Cir-
cuit>

[0025] Next, each of devices constituting the outdoor
unit 2 and the indoor unit 3, and the refrigerant circuit of
the air conditioner 1 in which the outdoor unit 2 and the
indoor unit 3 are connected by the refrigerant piping will
be described in detail with reference to FIG. 2. As de-
scribed above, the outdoor unit 2 and the indoor unit 3
are connected by the liquid pipe 4 and the gas pipe 5
which are the refrigerant pipings. In detail, a closing valve
25 of the outdoor unit 2 and the liquid pipe connection
portion 33 of the indoor unit 3 are connected by the liquid
pipe 4. In addition, a closing valve 26 of the outdoor unit
2 and a gas pipe connection portion 34 of the indoor unit
3 are connected by the gas pipe 5. The refrigerant circuit
10 of the air conditioner 1 is configured as described
above.

<Configuration of Outdoor Unit>

[0026] The outdoor unit 2 includes a compressor 21,
a four-way valve 22, an outdoor heat exchanger 23, an
outdoor fan 27, a closing valve 25 to which the liquid pipe
4 is connected, and a closing valve 26 to which the gas
pipe 5 is connected, an expansion valve 24 and an out-
door unit control means 200. Each of devices excluding
the outdoor fan 27 and the outdoor unit control means
200 is connected to one another by each of the refrigerant
pipings which will be described in detail below to consti-
tute an outdoor unit refrigerant circuit 10a which forms a
part of the refrigerant circuit 10.

[0027] The compressor 21 is a variable displacement
compressor which can change an operation displace-
ment by an inverter (not shown) controlling the rotation
speed. A refrigerant discharge side of the compressor
21 is connected to a port a of the four-way valve 22 by a
discharge pipe 61. Arefrigerant inlet side of the compres-
sor 21 is connected to a port c of the four-way valve 22
by an inlet pipe 66.

[0028] The four-way valve 22 is a valve for switching
the flow direction of the refrigerant, and has four ports a,
b, c,d. The portais connected to the refrigerantdischarge
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side of the compressor 21 by the discharge pipe 61 as
described above. The port b is connected to one refrig-
erant inlet/outlet of the outdoor heat exchanger 23 by a
refrigerant piping 62. The port ¢ is connected to the re-
frigerant inlet side of the compressor 21 by the inlet pipe
66 as described above. The port d is connected to the
closing valve 26 by the outdoor unit gas pipe 64.

[0029] The outdoor heatexchanger 23 performs a heat
exchange between the refrigerantand the outside air tak-
en into the outdoor unit 2 by the rotation of the outdoor
fan 27 which will be described later. One refrigerant in-
let/outlet of the outdoor heat exchanger 23 is connected
to the port b of the four-way valve 22 by the refrigerant
piping 62 as described above, and the other refrigerant
inlet/outlet is connected to the closing valve 25 by the
outdoor unit liquid pipe 63.

[0030] Theexpansionvalve 24 is,forexample, anelec-
tronic expansion valve. The expansion valve 24 adjusts
the amount of refrigerant flowing to the indoor unit 3 by
adjusting the opening degree thereof according to a cool-
ing capacity and a heating capacity required in the indoor
unit 3.

[0031] The outdoor fan 27 is formed of a resin material
and arranged in the vicinity of the outdoor heat exchanger
23. The outdoor fan 27 is rotated by a fan motor (not
shown) to take the outside air from the suction port (not
shown) of the outdoor unit 2 into the inside of the outdoor
unit 2 and discharges the outside air heat-exchanged
with the refrigerantin the outdoor heat exchanger 23 from
the blowing port (not shown) of the outdoor unit 2 to the
outside of the outdoor unit 2.

[0032] In addition to each of the devices described
above, the outdoor unit 2 is provided with three sensors
which will be described below. As shown in FIG. 1(A),
the discharge pipe 61 is provided with a discharge tem-
perature sensor 71 which detects the temperature of the
refrigerant discharged from the compressor 21. An out-
door heat exchange temperature sensor 72 which de-
tects the temperature of the outdoor heat exchanger 23
(hereinafter, described as outdoor heat exchange tem-
perature) is provided in a substantially intermediate por-
tion of a refrigerant path (not shown) of the outdoor heat
exchanger 23. Further, an outside air temperature sensor
73 which detects the temperature of the outside air flow-
ing to the inside of the outdoor unit 2, that is, the outside
air temperature, is provided in the vicinity of a suction
port (not shown) of the outdoor unit 2.

[0033] The outdoor unit control means 200 is mounted
on a control board stored in an electric component box
(not shown) of the outdoor unit 2. As shown in FIG. 2(B),
the outdoor unit control means 200 includes a CPU 210,
a storage unit 220, a communication unit 230, and a sen-
sor input unit 240.

[0034] The storage unit 220 includes a ROM and a
RAM, and stores a control program of the outdoor unit
2, a detection value corresponding to a detection signal
from various sensors, a control state of the compressor
21 and the outdoor fan 27, and the like. The communi-
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cation unit 230 is an interface which communicates with
the indoor unit 3. The sensor input unit 240 acquires a
detection result from various sensors of the outdoor unit
2 and outputs the detection result to the CPU 210.
[0035] The CPU 210 acquires the detection result from
each sensor of the outdoor unit 2 described above via
the sensorinput unit240. The CPU 210 acquires a control
signal transmitted from the indoor unit 3 via the commu-
nication unit 230. The CPU 210 performs a drive control
of the compressor 21 and the outdoor fan 27 based on
the acquired detection result and control signal. The CPU
210 performs a switching control of the four-way valve
22 based on the acquired detection result and control
signal. Furthermore, the CPU 210 adjusts the opening
degree of the expansion valve 24 based on the acquired
detection result and control signal.

<Configuration of Indoor Unit>

[0036] The indoor unit 3 includes the liquid pipe con-
nection portion 33 to which the liquid pipe 4 is connected,
the gas pipe connection portion 34 to which the gas pipe
5 is connected, and an indoor unit control means 300 in
addition to the indoor heat exchanger 31, the indoor fan
32, the vertical wind direction plate 35, the horizontal wind
direction plate 36, and the filter 38 described above. Each
of devices excluding the indoor fan 32, the vertical wind
direction plate 35, the horizontal wind direction plate 36,
the filter 38 and the indoor unit control means 300 is con-
nected to one another by each of the refrigerant pipings
which will be described in detail below to constitute an
indoor unit refrigerant circuit 10b which forms a part of
the refrigerant circuit 10.

[0037] The indoor heat exchanger 31 performs a heat
exchange between the refrigerant and the indoor air tak-
en into the inside of the indoor unit 3 from the suction
port 30f of the indoor unit 3 by the rotation of the indoor
fan 32, one refrigerant inlet/outlet is connected to the
liquid pipe connection portion 33 by an indoor unit liquid
pipe 67, and the other refrigerantinlet/outlet is connected
to the gas pipe connection portion 34 by an indoor unit
gas pipe 68. The indoor heat exchanger 31 functions as
an evaporator in a case where the indoor unit 3 performs
the cooling operation, and functions as a condenser in a
case where the indoor unit 3 performs the heating oper-
ation. In the liquid pipe connection portion 33 and the gas
pipe connection portion 34, each of the refrigerant pipings
is connected by welding, and a flare nut or the like.
[0038] The indoor fan 32 is formed of a resin material,
and as described above, is arranged downstream of the
indoor heat exchanger 31 in the air flow passage 30h.
The indoor fan 32 is rotated by a fan motor (not shown)
to take the indoor air from the suction port 30f of the
indoor unit 3 into the indoor unit 3 and discharges the
indoor air heat-exchanged with the refrigerant in the in-
door heat exchanger 31 from the blowing port 30g of the
indoor unit 3 indoors.

[0039] In addition to each of the devices described
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above, the indoor unit 3 is provided with two sensors
which will be described below. An indoor heat exchange
temperature sensor 74 that detects the temperature of
the indoor heat exchanger 31 (hereinafter, described as
indoor heat exchange temperature) is provided in a sub-
stantially intermediate portion of a refrigerant path (not
shown) of the indoor heat exchanger 31. Further, as
shown in FIG. 1(B), an indoor temperature sensor 75
which detects the temperature of the air taken into the
inside of the indoor unit 3 from the suction port 30f, that
is, the indoor temperature is provided between the suc-
tion port 30f of the indoor unit 3 and the filter 38.

[0040] The indoor unit control means 300 is mounted
on a control board stored in an electric component box
(not shown) of the indoor unit 3. As shown in FIG. 2(B),
the indoor unit control means 300 includes a CPU 310,
a storage unit 320, a communication unit 330, and a sen-
sor input unit 340.

[0041] The storage unit 320 includes a ROM and a
RAM, and stores a control program of the indoor unit 3,
a detection value corresponding to a detection signal
from various sensors, a control state of the indoor fan
32, and the like. The communication unit 330 is an inter-
face for communicating with the outdoor unit control
means 200 of the outdoor unit 2. The sensor input unit
340 acquires a detection result from the indoor heat ex-
change temperature sensor 74 or the indoor temperature
sensor 75 of the indoor unit 3 and outputs the detection
result to the CPU 110.

[0042] The CPU 310 acquires the detection result from
each sensor of the indoor unit 3 described above via the
sensor input unit 340. In addition, the CPU 310 acquires
an operation information signal including an operation
mode (cooling operation and heating operation), an air
volume, and the like, which is transmitted from a remote
controller (not shown) operated by the user via the com-
munication unit 330. The CPU 310 performs a drive con-
trol of the indoor fan 32, the vertical wind direction plate
35, and the horizontal wind direction plate 36 based on
the acquired detection result and an operation informa-
tion signal.

<Operation of Refrigerant Circuit>

[0043] Next, a flow of the refrigerant and the operation
of each part in the refrigerant circuit 10 in an air condi-
tioning operation of the air conditioner 1 in the present
embodimentwill be described with reference to FIG. 2(A).
In the following description, first, a case where the indoor
unit 3 performs the cooling operation will be described,
and then, a case where the indoor unit 3 performs the
heating operation will be described. In FIG. 2(A), a solid
arrow indicates the flow of the refrigerant in the cooling
operation, and a broken arrow indicates the flow of the
refrigerant in the heating operation.
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<Cooling Operation>

[0044] When the indoor unit 3 performs the cooling op-
eration, as shown in FIG. 2(A), the four-way valve 22 is
switched to be in a state indicated by a solid line, that is,
switched such that the port a and the port b of the four-
way valve 22 communicate with each other and the port
¢ and the port d communicate with each other. Thus, in
the refrigerant circuit 10, the outdoor heat exchanger 23
functions as a condenser and the indoor heat exchanger
31 functions as an evaporator, and the refrigerant circuit
10 is a cooling cycle in which the refrigerant circulates in
the direction indicated by the solid arrow.

[0045] In the state of the refrigerant circuit 10 as de-
scribed above, the high-pressure refrigerant discharged
from the compressor 21 flows into the four-way valve 22
by flowing through the discharge pipe 61 and flows into
the outdoor heat exchanger 23 by flowing from the four-
way valve 22 through the refrigerant piping 62. The re-
frigerant flowing into the outdoor heat exchanger 23 is
condensed by the heat exchange with the outside air
taken into the inside of the outdoor unit 2 by the rotation
of the outdoor fan 27. The refrigerant flowing from the
outdoor heat exchanger 23 into the outdoor unit liquid
pipe 63 is decompressed when the refrigerant passes
through the expansion valve 24 that has an opening de-
gree corresponding to the cooling capacity required by
the userin the indoor unit 3, and flows into the liquid pipe
4 via the closing valve 25.

[0046] The refrigerant flowing through the liquid pipe
4 and flowing into the indoor unit 3 via the liquid pipe
connection portion 33 flows through the indoor unit liquid
pipe 67 and flows into the indoor heat exchanger 31, and
the refrigerant is heat-exchanged with the indoor air tak-
en from the suction port 30f into the air flow passage 30h
of the indoor unit 3 by the rotation of the indoor fan 32
and is evaporated. Thus, the indoor heat exchanger 31
functions as an evaporator and the indoor air heat-ex-
changed with the refrigerantin the indoor heat exchanger
31 is blown into the room from the blowing port 30g, there-
by a cooling in the room in which the indoor unit 3 is
installed is performed.

[0047] The refrigerant flowing out from the indoor heat
exchanger 31 flows through the indoor unit gas pipe 68
and flows into the gas pipe 5 via the gas pipe connection
portion 34. The refrigerant flowing through the gas pipe
5 and flowing into the outdoor unit 2 through the closing
valve 26 flows through the outdoor unit gas pipe 64, the
four-way valve 22, and the inlet pipe 66 in this order, and
is taken into the compressor 21 and compressed again.

<Heating Operation>

[0048] When the indoor unit 3 performs the heating
operation, as shown in FIG. 2(A), the four-way valve 22
is switched to be in a state indicated by a broken line,
thatis, switched such that the port a and the port d of the
four-way valve 22 communicate with each other and the
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port b and the port c communicate with each other. Thus,
in the refrigerant circuit 10, the outdoor heat exchanger
23 functions as an evaporator and the indoor heat ex-
changer 31 functions as a condenser, and the refrigerant
circuit 10 is a heating cycle in which the refrigerant cir-
culates in the direction indicated by the broken arrow.
[0049] In the state of the refrigerant circuit 10 as de-
scribed above, the high-pressure refrigerant discharged
from the compressor 21 flows into the four-way valve 22
by flowing through the discharge pipe 61 and flows into
the gas pipe 5 via the closing valve 26 by flowing through
the outdoor unit gas pipe 64 from the four-way valve 22.
The refrigerant flowing through the gas pipe 5 flows into
the indoor unit 3 via the gas pipe connection portion 34.
[0050] The refrigerant flowing into the indoor unit 3
flows through the indoor unit gas pipe 68 and flows into
the indoor heat exchanger 31, and the refrigerant is heat-
exchanged with the indoor air taken from the suction port
30f into the air flow passage 30h of the indoor unit 3 by
the rotation of the indoor fan 32 and is condensed. Thus,
the indoor heat exchanger 31 functions as a condenser
and the indoor air heat-exchanged with the refrigerant in
the indoor heat exchanger 31 is blown into the room from
the blowing port 30g, thereby a heating in the room in
which the indoor unit 3 is installed is performed.

[0051] The refrigerant flowing out from the indoor heat
exchanger 31 flows through the indoor unit liquid pipe 67
and flows into the liquid pipe 4 via the liquid pipe connec-
tion portion 33. The refrigerant flowing through the liquid
pipe 4 and flowing into the outdoor unit 2 through the
closing valve 25 flows through the outdoor unit liquid pipe
63 and is decompressed when the refrigerant passes
through the expansion valve 24 that has an opening de-
gree corresponding to the heating capacity required by
the user in the indoor unit 3.

[0052] The refrigerantflowing into the outdoor heat ex-
changer 23 through the expansion valve 24 is evaporated
by the heat exchange with the outside air taken into the
inside of the outdoor unit 2 by the rotation of the outdoor
fan 27. The refrigerant flowing from the outdoor heat ex-
changer 23 into the refrigerant piping 62 flows through
the four-way valve 22 and the inlet pipe 66, and is taken
into the compressor 21 to be compressed again.

<Drive Control of Compressor, Outdoor Fan, and Indoor
fan in Heating Operation>

[0053] Next, a drive control of the compressor 21, the
outdoor fan 27 and the indoor fan 32 in the heating op-
eration (hereinafter, described as heating operation con-
trol) will be described in detail using the flowchart shown
in FIG. 3. In FIG. 3, ST represents a step of a process,
and the numbers following this represent a step number.
[0054] The outdoor unit control means 200 and the in-
door unit control means 300 described above constitute
the control means of the present invention. Therefore, in
the following description of a control and a process in-
cluding FIG. 3, the description of the control of the air
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conditioner 1 will be made mainly by using control means,
and the description of the control of the individual device
of the outdoor unit 2 and the indoor unit 3 will be made
mainly by using (CPU 210 of) the outdoor unit control
means 200 and (CPU 310 of) the indoor unit control
means 300 appropriately.

[0055] When there is a start instruction of the heating
operation by the instruction of the user, the control means
acquires an indoor temperature (hereinafter, described
as indoor temperature Ti) and reads out a set tempera-
ture (hereinafter, described as set temperature Tp)
(ST1). Specifically, the CPU 310 of the indoor unit control
means 300 periodically (for example, every 30 seconds)
acquires the indoor temperature Ti detected by the indoor
temperature sensor 75 via the sensorinput unit 340. Fur-
ther, the CPU 310reads outthe settemperature Tp which
is set by the operation of the remote controller (not
shown) by the user and stored in the storage unit 320.
[0056] Next, the control means calculates a tempera-
ture difference (hereinafter, described as temperature
difference AT) between the set temperature Tp read out
in ST1 and the acquired indoor temperature Ti (ST2).
Specifically, the CPU 310 subtracts the indoor tempera-
ture Ti from the set temperature Tp to calculate the tem-
perature difference AT.

[0057] Next, the control means drives the compressor
21 at the rotation speed of the compressor 21 (hereinaf-
ter, described as compressor rotation speed Rc) corre-
sponding to the temperature difference AT calculated in
ST2 (ST3). Specifically, the CPU 310 transmits the com-
pressor rotation speed Rc according to the calculated
temperature difference AT to the outdoor unit 2 via the
communication unit 330. The CPU 210 of the outdoor
unit control means 200 receiving the compressor rotation
speed Rc transmitted from the indoor unit 3 via the com-
munication unit 230 drives the compressor 21 at the re-
ceived compressor rotation speed Rc.

[0058] Next, the control means sets the opening de-
gree of the expansion valve 24 (hereinafter, described
as expansion valve opening degree D) to an opening
degree corresponding to the heating capacity required
by the user in the indoor unit 3 (ST4) . Specifically, the
CPU 310 adjusts the expansion valve opening degree D
such that the discharge temperature of the compressor
21 detected by the discharge temperature sensor 71 in
the heating operation becomes a predetermined target
temperature.

[0059] Next, the control means drives the outdoor fan
27 atthe rotation speed of the outdoor fan 27 (hereinafter,
described as outdoorfan rotation speed Rfo) correspond-
ing to the compressor rotation speed Rc determined in
ST3 (ST5). Specifically, the CPU 210 drives the outdoor
fan 27 at the outdoor fan rotation speed Rfo correspond-
ing to the compressor rotation speed Rc.

[0060] Next, the control means determines whether or
not the air volume of the conditioned air blown from the
blowing port 30g of the indoor unit 3 by the user is set
automatically (ST6). When the air volume is set automat-
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ically (ST6-Yes), the control means drives the indoor fan
32 at the rotation speed of the indoor fan 32 (hereinafter,
described as indoor fan rotation speed Rfi) correspond-
ing to the temperature difference AT calculated in ST2
(ST7). When the air volume is not set automatically (ST6-
No), the control means drives the indoor fan 32 at the
indoor fan rotation speed Rfi corresponding to the air
volume set by the user (ST8). Specifically, the CPU 310
drives the indoor fan 32 at the indoor fan rotation speed
Rfi corresponding to any of the temperature difference
AT or the air volume set by the user.

[0061] Next, the control means controls the vertical
wind direction plate 35 and the horizontal wind direction
plate 36 such that a wind direction becomes a wind di-
rection set by the user (ST9), and the process returns to
ST1. Specifically, when a setting by the user is "swing",
the CPU 310 makes the vertical wind direction plate 35
automatically pivot vertically, and makes the horizontal
wind direction plate 36 automatically pivot horizontally.
In addition, when a setting by the user is a predetermined
position, the vertical wind direction plate 35 and the hor-
izontal wind direction plate 36 pivot so as to be at the
position set by the user.

<Protection Control in Heating Operation>

[0062] Next, a protection control in the heating opera-
tion, which prevents the discharge pressure of the com-
pressor 21 from exceeding an upper limit value of the
use range when the heating operation is performed, will
be described with reference to FIG. 4. In FIG. 4, ST rep-
resents a step of a process, and the numbers following
this represent a step number.

[0063] First, the control means acquires the tempera-
ture of the indoor heat exchanger 31 (hereinafter, de-
scribed as indoor heat exchange temperature Tc) and
the discharge temperature of the compressor 21 (here-
inafter, described as discharge temperature Td) (ST11) .
Specifically, the CPU 310 periodically (forexample, every
30 seconds) acquires the indoor heat exchange temper-
ature Tc detected by the indoor heat exchange temper-
ature sensor 74 via the sensor input unit 340. On the
other hand, the CPU 210 periodically (for example, every
30 seconds) acquires the discharge temperature Td de-
tected by the discharge temperature sensor 71 via the
sensor input unit 240.

[0064] Next, the control means determines whether or
not the indoor heat exchange temperature Tc acquired
in ST11 is equal to or higher than a predetermined tem-
perature (hereinafter, described as first threshold indoor
heat exchange temperature Tch1) (ST12). Specifically,
the CPU 310 reads out the first threshold indoor heat
exchange temperature Tch1 stored in advance in the
storage unit 320 and compares the first threshold indoor
heat exchange temperature Tch1 with the indoor heat
exchange temperature Tc. Here, the first threshold indoor
heatexchange temperature Tch1 is obtained by perform-
ing a test or the like in advance, and is a temperature
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which is lower than the indoor heat exchange tempera-
ture Tc corresponding to the upper limit value of the use
range of the discharge pressure of the compressor 21
described above by a predetermined temperature, for
example, 55°C.

[0065] When the indoor heat exchange temperature
Tc is equal to or higher than the first threshold indoor
heat exchange temperature Tch1 (ST12-Yes), the con-
trol means reduces the rotation speed of the compressor
21 by a predetermined compressor release rotation
speed (hereinafter, described as a compressor release
rotation speed Rcr) every predetermined compressor re-
lease interval time (hereinafter, described as a compres-
sorrelease interval time tc) (ST16). Specifically, the CPU
310 transmits a signal that the indoor heat exchange tem-
perature Tc is determined to be equal to or higher than
the first threshold indoor heat exchange temperature
Tch1 to the outdoor unit 2 via the communication unit
330, and the CPU 210 receiving this signal via the com-
munication unit 230 controls the compressor 21 such that
the current compressor rotation speed Rc becomes a
rotation speed which is reduced by the compressor re-
lease rotation speed Rcr every compressor release in-
terval time tc. Here, the compressor release interval time
tc and the compressor release rotation speed Rcr are
values that it is confirmed that the compressor release
interval time tc and the compressor release rotation
speed Rcr have an effect of lowering the indoor heat ex-
change temperature Tc by performing a test in advance,
for example, the compressor release interval time tc is
60 seconds, and the compressor release rotation speed
Rcris 2 rps.

[0066] The control means that has completed the proc-
ess of ST16 acquires the indoor heat exchange temper-
ature Tc (ST17), and determines whether or not the ac-
quired indoor heat exchange temperature Tc is equal to
or higher than the first threshold indoor heat exchange
temperature Tch1 (ST18). Specifically, the CPU 310 ac-
quires the indoor heat exchange temperature Tc, and
determines whether or not the acquired indoor heat ex-
change temperature Tc is equal to or higher than the first
threshold indoor heat exchange temperature Tch1.
[0067] When the acquired indoor heat exchange tem-
perature Tc is not equal to or higher than the first thresh-
old indoor heat exchange temperature Tch1 (ST18-No),
the control means returns the process to ST11. When
the acquired indoor heat exchange temperature Tc is
equal to or higher than the first threshold indoor heat
exchange temperature Tch1 (ST18-Yes), the control
means stops the heating operation (ST19), and ends the
protection control in the heating operation. Specifically,
the CPU 310 stops the indoor fan 32 when the acquired
indoor heat exchange temperature Tc is equal to or high-
er than the first threshold indoor heat exchange temper-
ature Tch1, and transmits a signal indicating that the ac-
quired indoor heat exchange temperature Tc is equal to
or higher than the first threshold indoor heat exchange
temperature Tch1 to the outdoor unit 2 via the commu-
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nication unit 330. The CPU 210 that receives this signal
via the communication unit 230 stops the compressor 21
and the outdoor fan 27.

[0068] In ST12, when the indoor heat exchange tem-
perature Tc is not equal to or higher than the first thresh-
old indoor heat exchange temperature Tch1 (ST12-No),
the control means determines whether or not the dis-
charge temperature Td detected in ST11 is equal to or
higher than a predetermined first threshold discharge
temperature (hereinafter, described as a first threshold
discharge temperature Tdh1) and lower than a predeter-
mined second threshold discharge temperature (herein-
after, described as a second threshold discharge tem-
perature Tdh2) higher than the first threshold discharge
temperature Tdh1 (ST13). Specifically, the CPU 210 pe-
riodically (for example, every 30 seconds) acquires the
discharge temperature Td detected by the discharge
temperature sensor 71 via the sensor input unit 240 and
determines whether or not the acquired discharge tem-
perature Td is equal to or higher than the first threshold
discharge temperature Tdh1 stored in the storage unit
220 and lower than the second threshold discharge tem-
perature Tdh2.

[0069] Here, the first threshold discharge temperature
Tdh1 and the second threshold discharge temperature
Tdh2 are obtained by performing a test or the like in ad-
vance, and are stored in the storage unit 220. The first
threshold discharge temperature Tdh1 and the second
threshold discharge temperature Tdh2 are temperatures
which are lower than the discharge temperature Td cor-
responding to the upper limit value of the use range of
the discharge pressure of the compressor 21 described
above by a predetermined temperature, for example, the
first threshold discharge temperature Tdh1 is 105°C and
the second threshold discharge temperature Tdh2 is
115°C.

[0070] When the acquired discharge temperature Td
is equal to or higher than the first threshold discharge
temperature Tdh1 and lower than the second threshold
discharge temperature Tdh2 (ST13-Yes), the control
means reduces the rotation speed of the compressor 21
by the compressor release rotation speed Rcr every com-
pressor release interval time tc (ST15), and the process
returns to ST11. Since the process of ST15 has the same
contents as the process of ST16 described above, de-
tailed description will be omitted. In the process of ST15
and ST16, inacase where the compressorrotation speed
Rc is reduced by the compressor release rotation speed
Rcr, thereby the compressor rotation speed Rc is de-
creased to the lower limit rotation speed in the use range,
the compressor rotation speed Rc is maintained at the
lower limit rotation speed when the process of ST15 and
ST16 is performed next.

[0071] In ST13, when the acquired discharge temper-
ature Td is not equal to or higher than the first threshold
discharge temperature Tdh1 and lower than the second
threshold discharge temperature Tdh2 (ST13-No), the
control means determines whether or not the acquired
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discharge temperature Td is equal to or higher than the
second threshold discharge temperature Tdh2 (ST14).
Specifically, the CPU 210 determines whether or not the
acquired discharge temperature Td is equal to or higher
than the second threshold discharge temperature Tdh2.
[0072] When the acquired discharge temperature Td
is equal to or higher than the second threshold discharge
temperature Tdh2 (ST14-Yes), the control means caus-
es the process to proceed to ST19. When the acquired
discharge temperature Td is not equal to or higher than
the second threshold discharge temperature Tdh2
(ST14-No), that is, when the acquired discharge temper-
ature Td is lower than the first threshold discharge tem-
perature Tdh1, the control means returns the process to
ST11.

<Regarding Indoor Heat Exchange Heating Operation>

[0073] Next, the indoor heat exchange heating opera-
tion of the present invention will be described with refer-
ence to FIGs. 5 to 11. Here, the purpose of the indoor
heat exchange heating operation is to kill fungi and bac-
teria to reduce the number of the fungi and bacteria by
setting the refrigerant circuit 10 of the air conditioner 1
to be in the same state as in the heating operation and
making the temperature of the indoor heat exchanger 31
higher than the temperature in the heating operation
(about 40°C). In the present embodiment, the remote
controller (not shown) for operating the indoor unit 3 is
provided with a button for instructing a start of the indoor
heat exchange heating operation, and when the user op-
erates this button, the indoor heat exchange heating op-
eration is performed, but the indoor heat exchange heat-
ing operation may be automatically performed when the
cooling operation or a dehumidifying operation ends. In
addition, in the air conditioner 1, optimal timing is deter-
mined and the indoor heat exchange heating operation
may be performed, for example, the indoor heat ex-
change heating operation is performed when the indoor
unit 3 includes a human detection sensor and it is detect-
ed by the human detection sensor that the user is not in
the room.

[0074] By performing a test, the applicant found that
the number of fungi and bacteria can be significantly re-
duced by maintaining the indoor heat exchange temper-
ature Tcat55°C or higher for 10 minutes when the above
described indoor heat exchange heating operationis per-
formed. Hereinafter, the obtained knowledge will be de-
scribed with reference to FIG. 5.

[0075] A graphshowninFIG. 5 represents the number
of fungi and bacteria according to a time change when
the indoor heat exchange temperature Tc is maintained
at a constant temperature in a state where dew conden-
sation water exists in the indoor heat exchanger 31. FIG.
5 (A) is a graph of Cladosporium (hereinafter, described
as "fungus"), which is a species of fungus (black mold)
that looks blackish. A horizontal axis of the graph in FIG.
5(A) is a heating time (unit: minute) which is the time for
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maintaining the indoor heat exchange temperature Tc at
40°C, 45°C, and 50°C, and a vertical axis is a survival
rate of fungus in which the number of fungi (the number
of fungus colonies) is set to 100 when a heating time is
0 minutes (before heating) (fungus survival rate in FIG.
5(A), Unit: %).

[0076] As shown in FIG. 5(A), in a case where the in-
door heat exchange temperature Tcis 40°C, the number
of fungi hardly changes even when the heating time be-
comes 10 minutes, and the fungus survival rate after 10
minutes is almost 100%. On the other hand, in a case
where the indoor heat exchange temperature Tcis 45°C
or 50°C, the fungus survival rate becomes smaller than
10% at any indoor heat exchange temperature Tc at the
time when the heating time becomes 5 minutes. In par-
ticular, in a case where the indoor heat exchange tem-
perature Tc is set to 50°C, the fungus survival rate be-
comes less than 1% at the time when the heating time
becomes 5 minutes, and the number of fungi is signifi-
cantly reduced in a short time.

[0077] FIG. 5 (B) is a graph about Escherichia coli
which is a species of bacteria. A horizontal axis of the
graph in FIG. 5(B) is a heating time (unit: minute) which
is the time for maintaining the indoor heat exchange tem-
perature Tcat40°C, 45°C, 50°C, and 55°C, and a vertical
axis is a survival rate of E. coli in which the number of
Escherichia coli is set to 100 when a heating time is 0
minutes (before heating) (bacteria survival rate in FIG.
5(B), Unit: %).

[0078] As shown in FIG. 5(B), in a case where the in-
door heat exchange temperature Tc is 50°C or less, the
bacteria survival rate does not become 50% or less even
when the heating time becomes 10 minutes, and thus it
cannot be said that the number of bacteria can be signif-
icantly reduced. On the other hand, in a case where the
indoor heat exchange temperature Tc is 55°C, the bac-
teria survival rate becomes smaller than 10% at the time
when the heating time becomes 4 minutes, the bacteria
survival rate is almost 1% at the time when the heating
time becomes 5 minutes, and the bacteria survival rate
is less than 1% when the heating time is further extended
to 10 minutes. That is, the number of bacteria can be
significantly reduced by maintaining the indoor heat ex-
change temperature Tc at 55°C for 10 minutes.

[0079] Inthe graph of FIG. 5 described above, in order
to significantly reduce the survival rate of fungus and bac-
teria existing in the indoor heat exchanger 31, it is pref-
erable that the indoor heat exchange temperature Tc is
set to 55°C or higher, and this state is maintained for 10
minutes in a state where dew condensation water exists
in the indoor heat exchanger 31, for example, in a state
where dew condensation water generated in the indoor
heat exchanger 31 when the air conditioner 1 performs
the cooling operation is left after the cooling operation
ends. This is because the amount of heat acting on the
fungus and bacteria from dew condensation water is
more than the amount of heat acting on the fungus and
bacteria only from the surface of the indoor heat exchang-
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er 31 without the dew condensation water since the entire
surface of fungus and bacteria is covered with the dew
condensation water.

[0080] Dew condensation water generated in the in-
door heat exchanger 31 when the air conditioner 1 per-
forms the cooling operation is not dried completely in a
portion, through which air is difficult to pass, in the vicinity
of a V-shaped bent portion 30n in the indoor heat ex-
changer 31 and the drain pan 30m even when a drying
operation is performed to evaporate the dew condensa-
tion water by driving the indoor fan 32 after the cooling
operation ends to make air pass through the indoor heat
exchanger 31. As described above, even if there is a
portion where the dew condensation water is not com-
pletely dried and stagnates for a long time, the dew con-
densation water stagnating in a portion through which air
is difficult to pass as described above becomes 55°C or
higher when the indoor heat exchange heating operation
according to the present embodiment is performed.
Therefore the fungus and bacteria survival rate growing
in the portion can be significantly reduced.

<Indoor Fan Control Table and Outdoor fan Control Ta-
ble>

[0081] Next, tables used for controlling the indoor fan
32 and controlling the outdoor fan 27 in the indoor heat
exchange heating operation, which is used when per-
forming the indoor heat exchange heating operation, will
be described with reference to FIG. 6

<Indoor Fan Control Table>

[0082] First, an indoor fan control table 400 shown in
FIG. 6(A) will be described. The indoor fan control table
400 is obtained by performing a test or the like in advance
and is stored in the storage unit 320 of the indoor unit
control means 300. In the indoor fan control table 400, it
is found that the indoor heat exchange temperature Tc
can be maintained in a range of 55°C to 57°C by control-
ling the indoor fan 32 based on the indoor fan control
table 400 when the indoor heat exchanger 31 functions
as a condenser in the indoor heat exchange heating op-
eration.

[0083] In the indoor fan control table 400, the indoor
heat exchange temperature Tc (unit: °C) and the indoor
fan rotation speed Rfi (unit: rpm) according to the indoor
heat exchange temperature Tc when rising / when main-
taining / when decreasing are determined. Here, "when
the indoor heat exchange temperature Tc increases
("when Tcincreases" in FIG. 6(A))" means that when two
indoor heat exchange temperatures Tc detected by in-
tervals are used, the indoor heat exchange temperature
Tc detected later is higher than the indoor heat exchange
temperature Tc detected earlier. Further, "when the in-
door heat exchange temperature Tc is maintained
("when Tc is maintained" in FIG. 6(A))" means that the
indoor heat exchange temperature Tc detected earlier is
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equal to the indoor heat exchange temperature Tc de-
tected later. In addition, "when the indoor heat exchange
temperature Tc decreases ("when Tc decreases" in FIG.
6(A))" means that when two indoor heat exchange tem-
peratures Tc detected by intervals are used, the indoor
heat exchange temperature Tc detected later is lower
than the indoor heat exchange temperature Tc detected
earlier.

[0084] Specifically, in a case where the indoor heat
exchange temperature Tc is 57°C or higher, the indoor
fan rotation speed Rfi "when Tc increases" is a rotation
speed obtained by adding 70 rpm to the current indoor
fan rotation speed Rfi. In a case where the indoor heat
exchange temperature Tc is 55°C or higher and lower
than 57°C, the current indoor fan rotation speed Rfi is
not changed. In a case where the indoor heat exchange
temperature Tc is 53°C or higher and lower than 55°C,
and in a case where the indoor heat exchange temper-
ature Tcis lower than 53°C, a rotation speed is obtained
by subtracting 10 rpm from the current indoor fan rotation
speed Rfi.

[0085] In acase where the indoor heat exchange tem-
perature Tc is lower than 53°C or in a case where the
indoor heat exchange temperature Tc is 53°C or higher
and lower than 55°C when theindoor heat exchange tem-
perature Tc is rising, the indoor fan rotation speed Rfi is
reduced by 10 rpm every time the indoor heat exchange
temperature Tc is detected (for example, every 30 sec-
onds). Accordingly, the amount of air flowing to the indoor
heat exchanger 31 decreases, and the indoor heat ex-
change temperature Tc becomes 55°C or higher quickly.
[0086] In acase where the indoor heat exchange tem-
perature Tc is 55°C or higher and lower than 57°C when
the indoor heat exchange temperature Tc is rising, the
indoor fan rotation speed Rfiis notchanged. Accordingly,
the amount of air flowing to the indoor heat exchanger
31 is not changed, and the indoor heat exchange tem-
perature Tc is maintained in a range of 55°C or higher
and lower than 57°C. When the indoor heat exchange
temperature Tc is 57°C or higher, the indoor heat ex-
change temperature Tcis prevented from being 59°C or
higher by increasing the indoor fan rotation speed Rfi by
70 rpm to make the amount of air flowing to the indoor
heat exchanger 31 increase.

[0087] Next,ina case where the indoor heatexchange
temperature Tcis 57°C or higher, the indoor fan rotation
speed Rfi "when Tc is maintained" is a rotation speed
obtained by adding 50 rpm to the current indoor fan ro-
tation speed Rfi. In a case where the indoor heat ex-
change temperature Tc is 55°C or higher and lower than
57°C, the current indoor fan rotation speed Rfi is not
changed. In a case where the indoor heat exchange tem-
perature Tc is 53°C or higher and lower than 55°C, a
rotation speed is obtained by subtracting 30 rpm from
the current indoor fan rotation speed Rfi. In a case where
the indoor heat exchange temperature Tc is lower than
53°C, arotation speed is obtained by subtracting 40 rpm
from the current indoor fan rotation speed Rfi.
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[0088] In acase where the indoor heat exchange tem-
perature Tc is lower than 53°C when the indoor heat ex-
change temperature Tc is not changed, the indoor fan
rotation speed Rfi is reduced by 40 rpm every time the
indoor heat exchange temperature Tc is detected (for
example, every 30 seconds) . In a case where the indoor
heat exchange temperature Tcis 53°C or higher and low-
er than 55°C, the indoor fan rotation speed Rfiis reduced
by 30 rpm every time the indoor heat exchange temper-
ature Tc is detected. Accordingly, the amount of air flow-
ing to the indoor heat exchanger 31 decreases, and the
indoor heat exchange temperature Tc becomes 55°C or
higher quickly. Since "when Tc is maintained" is consid-
ered to be a state in which the indoor heat exchange
temperature Tc hardly increases compared with "when
Tc increases", a rotation speed to be reduced from the
indoor fan rotation speed Rfi is increased such that the
indoor fan rotation speed Rfi is lower than the indoor fan
rotation speed Rfi "when Tc increases" even if the indoor
heat exchange temperature Tc is the same.

[0089] In acase where the indoor heat exchange tem-
perature Tcis 55°C or higher and lower than 57°C when
the indoor heat exchange temperature Tcis notchanged,
the indoor fan rotation speed Rfi is not changed. Accord-
ingly, the amount of air flowing to the indoor heat ex-
changer 31 is notchanged, and theindoor heat exchange
temperature Tcis maintained in arange of 55°C or higher
and lower than 57°C. When the indoor heat exchange
temperature Tc is 57°C or higher, the indoor heat ex-
change temperature Tc is prevented from being 59°C or
higher by increasing the indoor fan rotation speed Rfi by
50 rpm to make the amount of air flowing to the indoor
heat exchanger 31 increase. Since "when Tc is main-
tained" is considered to be a state in which the indoor
heat exchange temperature Tc hardly increases com-
pared with "when Tc increases", a rotation speed to be
added to the indoor fan rotation speed Rfi is reduced
such that the indoor fan rotation speed Rfi is lower than
the indoor fan rotation speed Rfi "when Tc increases"
even if the indoor heat exchange temperature Tc is the
same.

[0090] In the indoor fan rotation speed Rfi "when Tc
decreases", the current indoor fan rotation speed Rfi is
not changed in a case where the indoor heat exchange
temperature Tc is 57°C or higher and in a case where
the indoor heatexchange temperature Tcis 55°C or high-
er and lower than 57°C. In a case where the indoor heat
exchange temperature Tc is 53°C or higher and lower
than 55°C, and in a case where the indoor heat exchange
temperature Tc is lower than 53°C, a rotation speed is
obtained by subtracting 40 rpm from the current indoor
fan rotation speed Rfi.

[0091] In acase where the indoor heat exchange tem-
perature Tc is lower than 53°C or in a case where the
indoor heat exchange temperature Tc is 53°C or higher
and lower than 55°C when the indoor heat exchange tem-
perature Tc is decreasing, the indoor fan rotation speed
Rfiis reduced by 40 rpm to make the amount of air flowing
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to the indoor heat exchanger 31 decrease every time the
indoor heat exchange temperature Tc is detected (for
example, every 30 seconds). Accordingly, the amount of
air flowing to the indoor heat exchanger 31 is caused to
decrease, and the indoor heat exchange temperature Tc
is caused to become 55°C or higher quickly. Since "when
Tc decreases" is considered to be a state in which the
indoor heat exchange temperature Tc decreases, a ro-
tation speed to be reduced from the indoor fan rotation
speed Rfi is increased such that the indoor fan rotation
speed Rfi is further lower than the indoor fan rotation
speed Rfi"when Tcis maintained" even if the indoor heat
exchange temperature Tc is the same.

[0092] In acase where the indoor heat exchange tem-
perature Tc is 55°C or higher and lower than 57°C or in
a case where the indoor heat exchange temperature Tc
is 57°C or higher when the indoor heat exchange tem-
perature Tc decreases, the indoor fan rotation speed Rfi
is not changed. Accordingly, the amount of air flowing to
the indoor heat exchanger 31 is not changed, and the
indoor heat exchange temperature Tc is maintained in a
range of 55°C or higher and lower than 57°C. Since
"when Tc decreases" is considered to be a state in which
the indoor heat exchange temperature Tc hardly increas-
es compared with "when Tc is maintained”, the indoor
heatexchange temperature Tcis not 59°C or highereven
if the indoor fan rotation speed Rfi is not changed in a
case where the indoor heat exchange temperature Tcis
55°C or higher.

[0093] Whentheindoorfan control table 400 described
above is used to increase or reduce the indoor fan rota-
tion speed Rfi, the indoor fan rotation speed Rfi is in-
creased or reduced between an upper limit rotation
speed and a lower limit rotation speed of the indoor fan
rotation speed Rfi (corresponding to the indoor fan min-
imum rotation speed Rfim described later). Here, the up-
per limit rotation speed is, for example, 900 rpm, and the
lower limit rotation speedis, for example, 300 rpm. When
the indoorfan rotation speed Rfiis increased by a rotation
speed determined by using the indoor fan control table
400 and reaches 900 rpm, after that, the indoor fan ro-
tation speed Rfi is maintained at 900 rpm even in a case
where the indoor fan rotation speed Rfi is increased.
When the indoor fan rotation speed Rfi is reduced by a
rotation speed determined by using the indoor fan control
table 400 and reaches 300 rpm, after that, the indoor fan
rotation speed Rfi is maintained at 300 rpm even in a
case where the indoor fan rotation speed Rfi is reduced.
[0094] In addition, 300 rpm of the lower limit rotation
speed in the indoor heat exchange heating operation is
a rotation speed lower than the lower limit rotation speed
(for example, 420 rpm) of the indoor fan 32 in the heating
operation. This is forincreasing the indoor heat exchange
temperature Tc quickly by reducing the rotation speed of
the indoor fan 32 as much as possible to reduce the
amount of air flowing to the indoor heat exchanger 31 in
the indoor heat exchange heating operation.
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<Qutdoor Fan Control Table>

[0095] First, an outdoor fan control table 500 shown in
FIG. 6(B) will be described. The outdoor fan control table
500 is obtained by performing a test in advance and is
stored in the storage unit 220 of the outdoor unit control
means 200. In the outdoor fan control table 500, it is
found that the discharge pressure of the compressor 21
can be prevented from exceeding the upper limit value
of the use range by controlling the outdoor fan 27 based
on the outdoor fan control table 500 when the indoor fan
32 is controlled based on the indoor fan control table 400
so as to maintain the indoor heat exchange temperature
Tc at 55°C to 57°C in the indoor heat exchange heating
operation.

[0096] Inthe outdoorfan control table 500, the rotation
speed of the outdoor fan (Unit: rpm, hereinafter, de-
scribed as outdoor fan rotation speed Rfo) is determined
according to an outside air temperature detected by the
outside air temperature sensor 73 (unit: °C, hereinafter,
described as outside air temperature To) and an indoor
temperature Ti (Unit: °C). Specifically, in a case where
the outside air temperature To is 24°C or higher, the out-
door fan rotation speed Rfo is set to O rpm regardless of
the indoor temperature Ti. In a case where the outside
airtemperature Tois 16°C or higher and lower than 24°C,
the outdoor fan rotation speed Rfo is O rpm when the
indoor temperature Tiis 27°C or higher, and the outdoor
fan rotation speed Rfo is 190 rpm when the indoor tem-
perature Tiis lower than 27°C. In a case where the out-
side air temperature To is lower than 16°C, the outdoor
fan rotation speed Rfo is controlled in the same manner
as in the heating operation, that is, a rotation speed cor-
responding to the compressor rotation speed Rc.
[0097] The evaporation pressure in the outdoor heat
exchanger 23 functioning as an evaporator in the indoor
heat exchange heating operation is higher in a case
where the outside air temperature To is 24°C or higher
than in a case where the outside air temperature To is
lower than 24°C. When the evaporation pressure be-
comes high, there is a possibility that the discharge pres-
sure of the compressor 21 becomes high and exceeds
the upper limit value of the use range since the condens-
ing pressure in the indoor heat exchanger 31 functioning
as a condenser also becomes high. Therefore, in a case
where the outside air temperature To is 24°C or higher,
the evaporation capacity in the outdoor heat exchanger
23 is reduced to prevent the evaporation pressure from
increasing by making the outdoor fan rotation speed Rfo
at 0 rpm regardless of the indoor temperature Ti, that is,
stopping the rotation.

[0098] The condensation capacity in the indoor heat
exchanger 31 functioning as a condenser decreases and
the condensing pressure increases in a case where the
outside air temperature To is 16°C or higher and lower
than 24°C, and the indoor temperature Tiis 27°C or high-
er compared with in a case where the indoor temperature
Ti is lower than 27°C. At this time, there is a possibility
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that the discharge pressure of the compressor 21 also
increases and exceeds the upper limit value of the use
range since the condensing pressure, which is originally
high, further increases when the evaporation capacity in
the outdoor heat exchanger 23 increases by driving the
outdoor fan 27 and the evaporation pressure increases.
Therefore, in a case where the outside air temperature
Tois 16°C or higher and lower than 24°C, and the indoor
temperature Tiis 27°C or higher, the evaporation capac-
ity in the outdoor heat exchanger 23 is reduced to prevent
the evaporation pressure from increasing by making the
outdoor fan rotation speed Rfo at 0 rpm, that is, stopping
the rotation.

[0099] Even if the outdoor fan 27 is driven, the dis-
charge pressure of the compressor 21 does not easily
exceed the upper limit value of the use range since the
condensing pressure is low in a case where the outside
airtemperature Tois 16°C or higher and lowerthan 24°C,
and the indoor temperature Ti is lower than 27°C com-
pared with in a case where the indoor temperature Ti is
27°C or higher. Therefore, the outdoor fan rotation speed
Rfo is driven at a rotation speed at which the discharge
pressure ofthe compressor 21 does notexceed the upper
limit value of the use range due to the increase in evap-
oration pressure, for example, at 190 rpm, which is the
rotation speed in the present embodiment in a case
where the outside air temperature To is 16°C or higher
and lower than 24°C, and the indoor temperature Ti is
lower than 27°C. Accordingly, the evaporation pressure
in the outdoor heat exchanger 23 is increased while pre-
venting the discharge pressure of the compressor 21
from increasing excessively, and the condensing tem-
perature in the indoor heat exchanger 31, that is, the
indoor heat exchange temperature Tc is rapidly in-
creased.

[0100] In addition, 190 rpm which is the outdoor fan
rotation speed Rfo in a case where the outside air tem-
perature To is 16°C or higher and lower than 24°C and
the indoor temperature Tiis lower than 27°C in the indoor
heat exchange heating operation is a rotation speed low-
er than the lower limit rotation speed (for example, 500
rpm) of the outdoor fan 27 in the heating operation. This
is in consideration of the fact that in the indoor heat ex-
change heating operation, the discharge pressure of the
compressor 21 easily exceeds the upper limit value of
the use range due to the indoor heat exchange temper-
ature Tc being raised to a temperature higher than that
in the heating operation and this is to reduce the amount
of air flowing to the outdoor heat exchanger 23 function-
ing as an evaporator in the indoor heat exchange heating
operation more than that in the heating operation, and
prevent the discharge pressure of the compressor 21
from increasing excessively by suppressing an increase
in the evaporation pressure in the outdoor heat exchang-
er 23.

[0101] The evaporation pressure in the outdoor heat
exchanger 23 hardly increases even when the outdoor
fan 27 is driven in a case where the outside air temper-
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ature To is lower than 16°C compared with in a case
where the outside air temperature To is 16°C or higher.
Therefore, in a case where the outside air temperature
Tois lower than 16°C, the outdoor fan rotation speed Rfo
is controlled in the same manner as in the heating oper-
ation regardless of the indoor temperature Ti, that is, a
rotation speed corresponding to the compressor rotation
speed Rc. Accordingly, the evaporation pressure in the
outdoor heat exchanger 23 is increased and the con-
densing temperature in the indoor heat exchanger 31,
that is, the indoor heat exchange temperature Tc is rap-
idly increased.

<Control of Indoor Heat Exchange Heating Operation>

[0102] Next, a flow of a process in the indoor heat ex-
change heating operation will be described with refer-
enceto FIGs. 710 10. FIG. 7 isamain routine of a process
performed by control means of the air conditioner 1 in
the indoor heat exchange heating operation. FIG. 8 is a
subroutine of a process performed by the control means
in the indoor heat exchange heating operation, and illus-
trates a flow of a process in operation control before heat-
ing so as to suppress generation of dew condensation
water in the inside of the indoor unit 3 before heating the
indoor heat exchanger 31.

[0103] FIG. 9 is a subroutine of a process performed
by control means in the indoor heat exchange heating
operation, and illustrates a flow of a process in an indoor
fan control when maintaining a temperature so as to
maintain the indoor heat exchange temperature Tc in a
range of 55°C to 57°C by using the indoor fan control
table 400 shown in FIG. 6(A). FIG. 10 is a subroutine of
a process performed by control means in the indoor heat
exchange heating operation, and illustrates a flow of a
process in an outdoor fan control when maintaining a
temperature performed when the indoor heat exchange
temperature Tc is maintained in a range of 55°C to 57°C
by using the outdoor fan control table 500 shown in FIG.
6(B).

[0104] In each of the flowcharts of FIGs. 7 to 10, ST
represents a step of s process, and the numbers following
this represent a step number. In Tc1 to Tc4 (hereinafter,
described as firstindoor heat exchange temperature Tc1
to fourth indoor heat exchange temperature Tc4) shown
in FIGs. 7 and 9, the second indoor heat exchange tem-
perature Tc2 to the fourth indoor heat exchange temper-
ature Tc4 correspond to the indoor heat exchange tem-
perature Tc described in the indoor fan control table 400,
the second indoor heat exchange temperature Tc2 is
53°C, the third indoor heat exchange temperature Tc3 is
55°C, and the fourth indoor heat exchange temperature
Tc4 is 57°C. The first indoor heat exchange temperature
Tc1 is atemperature at which a temperature maintaining
operation described later is started, and is a temperature
which is lower than the second indoor heat exchange
temperature Tc2 by a predetermined temperature, for
example, 50°C. The third indoor heat exchange temper-
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ature Tc3 is a first temperature of the present invention,
the fourth indoor heat exchange temperature Tc4 is a
second temperature of the presentinvention, and the first
indoor heat exchange temperature Tc1 is a third temper-
ature of the present invention.

<Main Routine: Indoor Heat Exchange Heating Opera-
tion Control>

[0105] Next, a process in the indoor heat exchange
heating operation will be described with reference to FIG.
7. When an instruction to perform the indoor heat ex-
change heating operation from the user is received or
the air conditioner 1 ends the cooling operation, the con-
trol means first performs the operation control before
heating which is a subroutine of the indoor heat exchange
heating operation control (ST41) . The operation control
before heating will be described later.

[0106] Next, the control means drives the compressor
21 at a predetermined minimum rotation speed (herein-
after, described as compressor minimum rotation speed
Rcm) (ST42). Specifically, the CPU 210 of the outdoor
unit control means 200 reads out the minimum compres-
sor minimum rotation speed Rcm stored in advance in
the storage unit 220, and drives the compressor 21 at
the read compressor minimum rotation speed Rcm.
Here, the compressor minimum rotation speed Rcm is
obtained by performing a test or the like in advance, and
the compressor minimum rotation speed Rcm is a rota-
tion speed at which itis found that the discharge pressure
of the compressor 21 does not exceed the upper limit
value ofthe use range evenin a situation where the indoor
heat exchange temperature Tc is set to a temperature
higher than that in the normal heating operation in the
indoor heat exchange heating operation. The compres-
sor minimum rotation speed Rcm is, for example, 30 rps.
[0107] Next, the control means sets the expansion
valve 24 to a predetermined opening degree (hereinafter,
described as predetermined expansion valve opening
degree Dp) (ST43). Specifically, the CPU 210 of the out-
door unit control means 200 applies a driving pulse cor-
responding to the predetermined expansion valve open-
ing degree Dp to a step motor (not shown) of the expan-
sion valve 24 such that the predetermined expansion
valve opening degree Dp stored in advance in the storage
unit 220 is read out and the expansion valve opening
degree D becomes the read out predetermined expan-
sion valve opening degree Dp. Here, the predetermined
expansion valve opening degree Dp is obtained by per-
forming a test or the like in advance, and is an opening
degree in which the refrigerant with the amount neces-
sary to make the indoor heat exchange temperature Tc
a temperature in a range of 55°C or higher and lower
than 57°C only by controlling the indoor fan 32 can flow
to the indoor heat exchanger 31 when the air conditioner
1 performs the indoor heat exchange heating operation
of the present invention. The predetermined expansion
valve opening degree Dp is, for example, 200 pulses
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when expressed by the number of driving pulses applied
to the expansion valve 24.

[0108] Next, the control means sets the outdoor fan
rotation speed Rfo to a rotation speed corresponding to
the compressor rotation speed Rc (ST44) . Specifically,
the CPU 210 drives the outdoor fan 27 at the outdoor fan
rotation speed Rfo corresponding to the compressor ro-
tation speed Rc. In addition, at the time of performing the
process of ST43, since the outdoor fan 27 is already driv-
en by the operation control before heating to be described
later, in ST43, the outdoor fan rotation speed Rfo is
changed to a rotation speed corresponding to the com-
pressor rotation speed Rc, and the outdoor fan rotation
speed Rfo at this time is, for example, 500 rpm.

[0109] Next, the control means sets the indoor fan 32
to a predetermined rotation speed (hereinafter, de-
scribed as indoor fan initial rotation speed Rfip) (ST45).
Specifically, the CPU 310 of the indoor unit control means
300 reads out the indoor fan initial rotation speed Rfip
stored in advance in the storage unit 320 and drives the
indoor fan 32 by setting the indoor fan rotation speed Rfi
as the read outindoor fan initial rotation speed Rfip. Here,
the indoor fan initial rotation speed Rfip is obtained by
performing a test or the like in advance, and is a rotation
speed that can increase the indoor heat exchange tem-
perature Tc as quickly as possible while preventing a
protection stop by a protection control in the indoor heat
exchange heating operation which will be described later
when the indoor heat exchange temperature Tc increas-
es rapidly due to the small amount of the indoor air sup-
plied to the indoor heat exchanger 31 by the rotation of
the indoor fan 32. The indoor fan initial rotation speed
Rfip is, for example, 600 rpm. Further, at the time of per-
forming the process of ST44, since the indoor fan 32 is
already driven by the operation control before heating
which will be described later, the indoor fan rotation
speed Rfi is changed to the indoor fan initial rotation
speed Rfip in ST44.

[0110] Next, the control means sets the vertical wind
direction plate 35 in the horizontal position (ST46) . Spe-
cifically, the CPU 310 pivots the vertical wind direction
plate 35 so as to be in the horizontal position. When the
vertical wind direction plate 35 is in the horizontal posi-
tion, some of the air which is warmed by the indoor heat
exchanger 31 and blown from the blowing port 30g can
be sucked into the suction port 30f. Therefore, the indoor
heat exchange temperature Tcincreases faster than that
in a case where the vertical wind direction plate 35 is at
a position other than the horizontal position.

[0111] Next, the control means starts measurement of
atimer 1 (ST47). Specifically, the CPU 310 has a timer
measurement function, and the CPU 310 starts the
measurement of the timer 1. The timer measurement
function may be provided in the CPU 210, or may be
provided other than the CPU 210 and the CPU 310. Next,
the control means acquires the indoor heat exchange
temperature Tc (ST48) . Specifically, the CPU 310 peri-
odically (for example, every 30 seconds) acquires the
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indoor heat exchange temperature Tc detected by the
indoor heat exchange temperature sensor 74 via the sen-
sor input unit 340.

[0112] Next, the control means determines whether or
not the indoor heat exchange temperature Tc acquired
in ST48 is lower than the first indoor heat exchange tem-
perature Tc1 (ST49). Specifically, the CPU 310 reads
out the first indoor heat exchange temperature Tc1 from
the storage unit 320 and compares the first indoor heat
exchange temperature Tc1 with the acquired indoor heat
exchange temperature Tc.

[0113] When the acquired indoor heat exchange tem-
perature Tc is lower than the first indoor heat exchange
temperature Tc1 (ST49-Yes), the control means deter-
mines whether or not a predetermined time (hereinafter,
described as first predetermined time tp1) elapsed after
the measurementof the timer 1 is started in ST47 (ST58).
Specifically, the CPU 310 determines whether or not the
first predetermined time tp1 elapsed after the measure-
ment of the timer 1 was started in ST47 . Here, the first
predetermined time tp1 is predetermined and stored in
the storage unit 320, and is, for example, 10 minutes.
[0114] When the first predetermined time tp1 elapsed
(ST58-Yes), the control means resets the timer 1 (ST61)
and ends a control of the indoor unit heat exchange heat-
ing operation. Specifically, the CPU 310 resets the timer
1 and stops the indoor fan 32, and transmits a signal,
which includes an instruction to end the control of the
indoor unit heat exchange heating operation, to the out-
door unit 2 via the communication unit 330. The CPU 210
that receives this signal via the communication unit 230
stops the compressor 21 and the outdoor fan 27.
[0115] When the first predetermined time tp1 has not
elapsed (ST58-No), the control means determines
whether or not the current indoor fan rotation speed Rfi
is a predetermined minimum rotation speed (hereinafter,
described as the indoor fan minimum rotation speed
Rfim) (ST59) . Specifically, the CPU 310 reads out the
indoor fan minimum rotation speed Rfim stored in ad-
vance in the storage unit 320, and compares the indoor
fan minimum rotation speed Rfim with the current indoor
fan rotation speed Rfi. Here, the indoor fan minimum ro-
tation speed Rfim is the lower limit rotation speed of the
use range of the indoor fan 32, and is, for example, 300
rpm.

[0116] When the current indoor fan rotation speed Rfi
is the indoor fan minimum rotation speed Rfim (ST59-
Yes), the control means maintains the indoor fan mini-
mum rotation speed Rfim (ST60), that is, the control
means continues to drive the indoor fan 32 at the indoor
fan minimum rotation speed Rfim, and returns the proc-
ess to ST48. Specifically, the CPU 310 continues to drive
the indoor fan 32 at the indoor fan minimum rotation
speed Rfim.

[0117] On the other hand, when the current indoor fan
rotation speed Rfi is not the indoor fan minimum rotation
speed Rfim (ST59-No), the control means reduces the
indoor fan rotation speed Rfi by a predetermined indoor
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fan release rotation speed (hereinafter, described as in-
door fan release rotation speed Rfir) every predeter-
mined indoor fan release interval time (hereinafter, de-
scribed as indoor fan release interval time tfi) (ST62),
and returns the process to ST48. Specifically, the CPU
310 reduces the indoor fan rotation speed Rfi by the in-
door fan release rotation speed Rfir every indoor fan re-
lease interval time tfi. The indoor fan release interval time
tfi and the indoor fan release rotation speed Rfir are de-
termined by performing a test or the like in advance, and
it can be confirmed that the indoor heat exchange tem-
perature Tc is increased while preventing a protection
stop by a protection control in the indoor heat exchange
heating operation which will be described later when the
indoor heat exchange temperature Tc increases rapidly.
The indoor fan release interval time ftfi is, for example,
60 seconds, and the indoor fan release rotation speed
Rfir is, for example, 50 rpm.

[0118] The processes of ST47 to ST49 and ST58 to
ST62 described above are processes in an operation for
increasing the indoor heat exchange temperature Tc in
the indoor unit heat exchange heating operation to the
firstindoor heat exchange temperature Tc1 (hereinafter,
described as temperature increasing operation). By per-
forming the temperature increasing operation, the indoor
heat exchange temperature Tc is increased to the first
indoor temperature Tc1 as quickly as possible (50°C in
the present embodiment) while preventing a protection
stop by a protection control in the indoor heat exchange
heating operation which will be described later.

[0119] In the process of ST58, in a case where the
indoor heat exchange temperature Tc does not become
equal to or higher than the first indoor heat exchange
temperature Tc1 even when the first predetermined time
tp1 elapsed, the indoor heat exchange heating operation
isended. The reason why the indoor heat exchange heat-
ing operation is ended is to avoid unnecessary operation
as aresultof continuing the indoor heatexchange heating
operation as it is since the indoor heat exchange tem-
perature Tc hardly increases for some reason when the
indoor heat exchange temperature Tc does not become
equal to or higher than the first indoor heat exchange
temperature Tc1 even if the temperature increasing op-
eration described above is performed for the first prede-
termined time tp1.

[0120] In ST49, when the acquired indoor heat ex-
change temperature Tc is not lower than the first indoor
heat exchange temperature Tc1 (ST49-No), the control
means starts the measurement of the timer 2 (ST50).
Specifically, the CPU 310 starts the measurement of the
timer 2.

[0121] Next, the control means performs the indoor fan
control when maintaining a temperature, which is a sub-
routine of the control of the indoor heat exchange heating
operation (ST51), and performs the outdoor fan control
when maintaining a temperature, which is a subroutine
of the control of the indoor heat exchange heating oper-
ation (ST52) . The indoor fan control when maintaining
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a temperature and the outdoor fan control when main-
taining a temperature will be described later.

[0122] Next, the control means determines whether or
nottheflagis 1 (ST53) . Theflagisincluded, forexample,
by the CPU 310, and when the indoor heat exchange
temperature Tc increases in the indoor heat exchange
heating operation and becomes equal to or higher than
the third indoor heat exchange temperature Tc3 for the
first time (55°C in the present embodiment), the flag is
changed from O to 1. The flag is 0 by default (in factory
default).

[0123] Whentheflagis 1 (ST53-Yes), thatis, when the
indoor heat exchange temperature Tc already became
the third indoor heat exchange temperature Tc3, the con-
trol means resets the timer 1 (ST63), and causes the
process to proceed to ST56. Specifically, when the CPU
310 confirms the flag as 1, the CPU 310resets the timer 1.
[0124] When the flag is not 1 (ST53-No), that is, when
the indoor heat exchange temperature Tc has not yet
become the third indoor heat exchange temperature Tc3,
the control means determines whether or not the indoor
heat exchange temperature Tc acquired in ST48 is equal
to or higher than the third indoor heat exchange temper-
ature Tc3 (ST54). Specifically, the CPU 310 reads out
the third indoor heat exchange temperature Tc3 from the
storage unit 320, and compares the third indoor heat ex-
change temperature Tc3 with the acquired indoor heat
exchange temperature Tc.

[0125] When the acquired indoor heat exchange tem-
perature Tc is equal to higher than the third indoor heat
exchange temperature Tc3 (ST54-Yes), the control
means sets the flag to 1 and resets the timer 1 (ST55),
and causes the process to proceed to ST56. Specifically,
the CPU 310 sets the flag to 1 and resets the timer 1.
[0126] When the acquired indoor heat exchange tem-
perature Tc is not equal to or higher than the third indoor
heat exchange temperature Tc3 (ST54-No), the control
means determines whether or not the first predetermined
time tp1 elapsed after the measurement of the timer 1 is
started in ST47 (ST64). The process of ST63 is per-
formed by the CPU 310 in the same manner as the proc-
ess of ST58.

[0127] When the first predetermined time tp1 elapsed
(ST64-Yes), the control means resets the timer 1 (ST65)
and ends a control of the indoor unit heat exchange heat-
ing operation. The process of ST65 is performed by the
CPU 310 in the same manner as the process of ST61.
When the first predetermined time tp1 has not elapsed
(ST64-No), the control means returns the process to
ST53.

[0128] In the process of ST64, in a case where the
indoor heat exchange temperature Tc does not become
equal to or higher than the third indoor heat exchange
temperature Tc3 even when the first predetermined time
tp1 elapsed, the indoor heat exchange heating operation
is ended. Thereason why the indoor heat exchange heat-
ing operation is ended is to avoid an unnecessary oper-
ation as a result of continuing the indoor heat exchange
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heating operation as it is since the indoor heat exchange
temperature Tc hardly increases for some reason when
the indoor heat exchange temperature Tc does not be-
come equal to or higher than the third indoor heat ex-
change temperature Tc3 evenifthe temperature increas-
ing operation described above and a temperature main-
taining operation which will be described later is per-
formed for the first predetermined time tp1.

[0129] The control means which ended the process of
ST55 determines whether or not a predetermined time
(hereinafter, described as second predetermined time
tp2) elapsed after the measurement of the timer 2 is start-
edin ST50(ST56) . Specifically, the CPU 310 determines
whether or not the second predetermined time tp2
elapsed after the measurement of the timer 2 was started
in ST50. Here, the second predetermined time tp2 is pre-
determined and stored in the storage unit 320. The sec-
ond predetermined time tp2 is a time to maintain the in-
door heat exchange temperature Tc at 55°C or higher,
for example, 10 minutes in order to significantly reduce
the number of fungi and bacteria existing in the indoor
heat exchanger 31 described above.

[0130] When the second predetermined time tp2 has
not elapsed (ST56-No), the control means returns the
process to ST51. When the second predetermined time
tp2 elapsed (ST56-Yes), the control means resets the
timer 2 and the flag (ST57), and ends a control of the
indoor unit heat exchange heating operation. Specifical-
ly, the CPU 310 resets the timer 2 and the flag. Specifi-
cally, the CPU 310 stops the indoor fan 32, and transmits
a signal, which includes an instruction to end the control
of the indoor unit heat exchange heating operation, to
the outdoor unit 2 via the communication unit 330. The
CPU 210 that receives this signal via the communication
unit 230 stops the compressor 21 and the outdoor fan 27.
[0131] The processes of ST50 to ST56 and ST63 to
ST65 described above are processes for an operation to
maintain the indoor heat exchange temperature Tc atthe
third indoor heat exchange temperature Tc3 (55°C in the
present embodiment) or higher for the second predeter-
mined time tp2 (hereinafter, described as temperature
maintaining operation). By continuing the temperature
maintaining operation for the second predetermined time
tp2, the number of fungi and bacteria existing in the indoor
heat exchanger 31 can be significantly reduced as com-
pared with a case of the drying operation in the related
art in which the indoor heat exchange temperature Tc is
about 40°C.

<Subroutine: Operation Control before Heating>

[0132] Next, an operation control before heating which
is a subroutine of a control of the indoor heat exchange
heating operation will be described with reference to FIG.
8. Inthe operation control before heating, the compressor
21 is stopped, and the refrigerant does not circulate in
the refrigerant circuit 10.

[0133] First, the control means determines whether or
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not the cooling operation is performed before the indoor
heatexchange heating operation (ST71). When the cool-
ing operation is not performed (ST71-No), the control
means ends the operation control before heating. When
the cooling operation is performed (ST71-Yes), the con-
trol means starts the measurement of the timer 3 (ST72).
Specifically, the CPU 310 starts the measurement of the
timer 3.

[0134] Next, the control means sets the indoor fan ro-
tation speed Rfito a predetermined rotation speed (here-
inafter, described as indoor fan rotation speed before
heating Rfia) and drives the indoor fan 32 (ST73). Spe-
cifically, the CPU 310 sets the indoor fan rotation speed
Rfi to the indoor fan rotation speed before heating Rfia
and drives the indoor fan 32. Here, the indoor fan rotation
speed before heating Rfia is determined by performing
atestorthe like in advance, and is a rotation speed which
can suppress generation of the dew condensation water
resulting from a temperature difference of the tempera-
ture of the indoor unit 3 and the indoor heat exchange
temperature Tc in the temperature increasing operation
by allowing the indoor air to pass through the inside of
the indoor unit 3 for a third predetermined time tp3 which
will be described later to warm the indoor unit 3 cooled
in the cooling operation. The indoor fan rotation speed
before heating Rfia is, for example, 900 rpm.

[0135] Next, the control means sets the outdoor fan
rotation speed Rfo to a predetermined rotation speed
(hereinafter, described as outdoor fan rotation speed be-
fore heating Rfoa) and drives the outdoor fan 27 (ST74).
Specifically, the CPU 210 sets the outdoor fan rotation
speed Rfo to the outdoor fan rotation speed before heat-
ing Rfoa and drives the outdoor fan 27. Here, the outdoor
fan rotation speed before heating Rfoa is obtained by
performing a test or the like in advance, and is a rotation
speed which can suppress over-temperature of the out-
door unit control means 200 when the indoor heat ex-
change heating operation is performed by cooling the
outdoor unit control means 200 which generates heat in
the cooling operation (in particular, an inverter unit (not
shown) driving the compressor 21) for a third predeter-
mined time tp3 which will be described later. The outdoor
fan rotation speed before heating Rfoa is, for example,
650 rpm.

[0136] Next, the control means determines whether or
not a predetermined time (hereinafter, described as third
predetermined time tp3) elapsed after the measurement
of the timer 3 is started in ST72 (ST75). Specifically, the
CPU 310 determines whether or not the third predeter-
mined time tp3 elapsed after the measurement of the
timer 3 was started in ST75. Here, the third predeter-
mined time tp3 is predetermined and stored in the storage
unit 320. The third predetermined time tp3 is time when
the indoor unit 3 cooled during the cooling operation can
be warmed to an extent that the dew condensation water
is not generated in the temperature increasing operation,
and the outdoor unit control means 200 which generates
heat in the cooling operation can be cooled when the
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indoor fan rotation speed Rfi is set to the indoor fan ro-
tation speed before heating Rfia and the outdoor fan ro-
tation speed Rfo is set to the outdoor fan rotation speed
before heating Rfoa to be driven for the third predeter-
mined time tp3. The third predetermined time tp3 is, for
example, 15 minutes.

[0137] When the third predetermined time tp3 has not
elapsed (ST75-No), the control means returns the proc-
ess to ST75. When the third predetermined time tp3
elapsed (ST75-Yes), the control means resets the timer
3 (ST76) and ends an operation control before heating
to return to a main routine.

[0138] As described above, when the cooling opera-
tion is performed before the indoor heat exchange heat-
ing operation, the housing 30 of the indoor unit 3 cooled
in the cooling operation can be warmed by performing
the operation control before heating prior to the temper-
ature increasing operation. Accordingly, since it is pos-
sible to suppress the generation of the dew condensation
water in the housing 30 due to the temperature difference
between the temperature of the indoor unit 3 and the
indoor heat exchange temperature Tc in the temperature
increasing operation, the dew condensation water is pre-
vented from scattering from the blowing port 30g of the
indoor unit 3 into the room when the indoor heat ex-
change heating operation is performed. Further, by driv-
ing the outdoor fan 27 by the operation control before
heating, it is possible to cool the outdoor unit control
means 200 having a high temperature in the cooling op-
eration in which the outside air temperature is high.

<Subroutine: Indoor Fan Control when Maintaining Tem-
perature>

[0139] Next, anindoor fan control when maintaining a
temperature which is a subroutine of a control of the in-
door heat exchange heating operation will be described
with reference to FIG. 9. Since the drive control of the
indoor fan 32 is performed only by the indoor unit control
means 300, in the following description, the description
of the control will be made mainly by using the CPU 310
of the indoor unit control means 300.

[0140] Next, the CPU 310 acquires the indoor heat ex-
change temperature Tc (ST80). Since the indoor heat
exchange temperature Tc is acquired in the same meth-
od as ST11 in the protection control in the heating oper-
ation, which is described in FIG. 4, description will be
omitted. Next, the CPU 310 uses two indoor heat ex-
change temperatures Tc acquired by intervals, and cal-
culates a temperature difference (hereinafter, described
as an indoor heat exchange temperature difference ATc)
obtained by subtracting the indoor heat exchange tem-
perature Tc acquired immediately before (for example,
30 seconds before) from the indoor heat exchange tem-
perature Tc acquired most recently (ST81).

[0141] Next, the CPU 310 determines whether or not
the indoor heat exchange temperature difference ATc
calculated in ST81 is more than 0, that is, whether or not
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the indoor heat exchange temperature Tc is increasing
(ST82). When the indoor heat exchange temperature dif-
ference ATc is more than 0 (ST82-Yes), the CPU 310
refers to "when Tc increases" of the indoor fan control
table 400 of FIG. 6 stored in the storage unit 320, and
the processes of ST83 to ST85 below are performed.
[0142] First, the CPU 310 determines whether or not
the currentindoor heat exchange temperature Tcis lower
than the third indoor heat exchange temperature Tc3
(ST83). When the current indoor heat exchange temper-
ature Tc is lower than the third indoor heat exchange
temperature Tc3 (ST83-Yes), the CPU 310 sets the in-
door fan rotation speed Rfi to a rotation speed obtained
by subtracting 10 rpm from the current indoor fan rotation
speed Rfi (ST86), and ends the indoor fan control when
maintaining a temperature to return to the main routine.
[0143] When the current indoor heat exchange tem-
perature Tc is not lower than the third indoor heat ex-
change temperature Tc3 (ST83-No), the CPU 310 deter-
mines whether or not the current indoor heat exchange
temperature Tc is equal to or higher than the third indoor
heatexchange temperature Tc3 and lower than the fourth
indoor heat exchange temperature Tc4 (ST84). When
the currentindoor heat exchange temperature Tcis equal
to or higher than the third indoor heat exchange temper-
ature Tc3 and lower than the fourth indoor heat exchange
temperature Tc4 (ST84-Yes), the CPU 310 does not
change the indoor fan rotation speed Rfi (ST87), and
ends the indoor fan control when maintaining a temper-
ature to return to the main routine.

[0144] When the current indoor heat exchange tem-
perature Tc is equal to or higher than the third indoor
heatexchange temperature Tc3 and lower than the fourth
indoor heat exchange temperature Tc4 (ST84-No), that
is, when the current indoor heat exchange temperature
Tc is equal to or higher than the fourth indoor heat ex-
change temperature Tc4, the CPU 310 sets the indoor
fan rotation speed Rfi to a rotational speed obtained by
adding 70 rpm to the current indoor fan rotation speed
Rfi (ST85), and ends the indoor fan control when main-
taining a temperature to return to the main routine.
[0145] In ST82, when the indoor heat exchange tem-
perature difference ATc is not more than 0 (ST82-No),
the CPU 310 determines whether or not the indoor heat
exchange temperature difference ATc calculated in ST81
is 0, that is, whether or not the indoor heat exchange
temperature Tc is changed (ST88). When the indoor
heat exchange temperature difference ATc is 0 (ST88-
Yes), the CPU 310 executes the processes of ST89 to
ST95 below by referring to "when Tc is maintained" of
the indoor fan control table 400 of FIG. 6 stored in the
storage unit 320.

[0146] First, the CPU 310 determines whether or not
the currentindoor heat exchange temperature Tcis lower
than the second indoor heat exchange temperature Tc2
(ST89). When the current indoor heat exchange temper-
ature Tc is lower than the second indoor heat exchange
temperature Tc2 (ST89-Yes), the CPU 310 sets the in-
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door fan rotation speed Rfi to a rotation speed obtained
by subtracting 40 rpm from the current indoor fan rotation
speed Rfi (ST93), and ends the indoor fan control when
maintaining a temperature to return to the main routine.
[0147] When the current indoor heat exchange tem-
perature Tc is not lower than the second indoor heat ex-
change temperature Tc2 (ST89-No), the CPU 310 deter-
mines whether or not the current indoor heat exchange
temperature Tc is equal to or higher than the second
indoor heat exchange temperature Tc2 and lower than
the third indoor heat exchange temperature Tc3 (ST90).
When the current indoor heat exchange temperature Tc
is equal to or higher than the second indoor heat ex-
change temperature Tc2 and lower than the third indoor
heat exchange temperature Tc3 (ST90-Yes), the CPU
310 sets the indoor fan rotation speed Rfi to a rotation
speed obtained by subtracting 30 rpm from the current
indoor fan rotation speed Rfi (ST94), and ends the indoor
fan control when maintaining a temperature to return to
the main routine.

[0148] When the current indoor heat exchange tem-
perature Tc is not equal to or higher than the second
indoor heat exchange temperature Tc2 and lower than
the third indoor heat exchange temperature Tc3 (ST90-
No), the CPU 310 determines whether or not the current
indoor heat exchange temperature Tc is equal to or high-
er than the third indoor heat exchange temperature Tc3
and lower than the fourth indoor heat exchange temper-
ature Tc4 (ST91). When the current indoor heat ex-
change temperature Tcis equal to or higher than the third
indoor heat exchange temperature Tc3 and lower than
the fourth indoor heat exchange temperature Tc4 (ST91-
Yes), the CPU 310 does not change the indoor fan rota-
tion speed Rfi (ST95), and ends the indoor fan control
when maintaining a temperature to return to the main
routine.

[0149] When the current indoor heat exchange tem-
perature Tc is equal to or higher than the third indoor
heatexchange temperature Tc3 and lower than the fourth
indoor heat exchange temperature Tc4 (ST93-No), that
is, when the current indoor heat exchange temperature
Tc is equal to or higher than the fourth indoor heat ex-
change temperature Tc4, the CPU 310 sets the indoor
fan rotation speed Rfi to a rotational speed obtained by
adding 50 rpm to the current indoor fan rotation speed
Rfi (ST98), and ends the indoor fan control when main-
taining a temperature to return to the main routine.
[0150] In ST88, when the indoor heat exchange tem-
perature difference ATc is not 0 (ST88-No), that is, when
the indoor heat exchange temperature Tc decreases, the
CPU 310 executes the processes of ST96 to ST98 below
by referring to "when Tc decreases" of the indoor fan
control table 400 of FIG. 6 stored in the storage unit 320.
[0151] First, the CPU 310 determines whether or not
the currentindoor heat exchange temperature Tcislower
than the third indoor heat exchange temperature Tc3
(ST96) . When the current indoor heat exchange tem-
perature Tc is lower than the third indoor heat exchange
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temperature Tc3 (ST96-Yes), the CPU 310 sets the in-
door fan rotation speed Rfi to a rotation speed obtained
by subtracting 40 rpm from the current indoor fan rotation
speed Rfi (ST98), and ends the indoor fan control when
maintaining a temperature to return to the main routine.
[0152] When the current indoor heat exchange tem-
perature Tc is lower than the third indoor heat exchange
temperature Tc3 (ST96-No), that is, when the current
indoor heat exchange temperature Tcis equal to or high-
er than the third indoor heat exchange temperature Tc3,
the CPU 310 does not change the indoor fan rotation
speed Rfi (ST97), and ends the indoor fan control when
maintaining a temperature to return to the main routine.
[0153] Asdescribed above, whentheindoorfan control
when maintaining a temperature is performed by using
the indoor fan control table 400, the indoor fan rotation
speed Rfi is set between the upper limit rotation speed
and the lower limit rotation speed (900 rpm and 300 rpm)
of the indoor fan rotation speed Rfi. When the indoor fan
rotation speed Rfi is increased by a rotation speed de-
termined by using the indoor fan control table 400 and
reaches 900 rpm, after that, the indoor fan rotation speed
Rfi is maintained at 900 rpm even in a case where the
indoor fan rotation speed Rfi is increased. When the in-
door fan rotation speed Rfi is reduced by a rotation speed
determined by using the indoor fan control table 400 and
reaches 300 rpm, after that, the indoor fan rotation speed
Rfi is maintained at 300 rpm even in a case where the
indoor fan rotation speed Rfi is reduced.

[0154] As described above, in the temperature main-
taining operation performed in the indoor heat exchange
heating operation, the indoor heat exchange temperature
Tc can be maintained between at the third indoor heat
exchange temperature Tc3 (=55°C) and at the fourth in-
door heat exchange temperature Tc4 (=57°C) for 10 min-
utes by performing the indoor fan control when maintain-
ing a temperature by using the indoor fan control table
400.

<Subroutine: Outdoor Fan Control when Maintaining
Temperature>

[0155] Next, an outdoor fan control when maintaining
a temperature which is a subroutine of a control of the
indoor heat exchange heating operation will be de-
scribed. Since the drive control of the outdoor fan 27 is
performed only by the outdoor unit control means 200,
in the following description, the description of the control
will be made mainly by using the CPU 210 of the outdoor
unit control means 200.

[0156] First, the CPU 210 acquires the indoor temper-
ature Tifrom the indoor unit 3 via the communication unit
230, and acquires the outside air temperature To detect-
ed by the outside air temperature sensor 73 via the sen-
sor input unit 240 (ST111). The CPU 210 acquires the
indoor temperature Ti and the outside air temperature
To periodically (for example, every 30 seconds).

[0157] Next, the CPU 210 determines whether or not
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the outside air temperature To acquired in ST111 islower
than a predetermined first outside air temperature (here-
inafter, described as first threshold outside air tempera-
ture Top1) (ST112). For example, the first threshold out-
side air temperature Top1 is 16°C, which is the outside
air temperature defined in the outdoor fan control table
500 of FIG. 6(B).

[0158] When the acquired outside air temperature To
is lower than the first threshold outside air temperature
Top1 (ST112-Yes), the CPU 210 drives the outdoor fan
27 at the outdoor fan rotation speed Rfo corresponding
to the compressor rotation speed Rc (ST117), and ends
the outdoor fan control when maintaining a temperature
to return to the main routine by referring to the outdoor
fan control table 500 stored in the storage unit 220.
[0159] When the acquired outside air temperature To
is not lower than the first threshold outside air tempera-
ture Top1 (ST112-No), the CPU 210 determines whether
or not the acquired outside air temperature To is equal
to or higher than the first threshold outside air tempera-
ture Top1 and lower than a predetermined second out-
side air temperature (hereinafter, described as second
threshold outside air temperature Top2) (ST113). The
second threshold outside air temperature Top2 is a tem-
perature higher than the first threshold outside air tem-
perature Top1, for example, 24°C, which is the outside
air temperature defined in the outdoor fan control table
500 of FIG. 6(B).

[0160] When the acquired outside air temperature To
is not equal to or higher than the first threshold outside
air temperature Top1 and lower than the second thresh-
old outside air temperature Top2 (ST113-No), that is,
when the acquired outside air temperature To is equal
to or higher than the second threshold outside air tem-
perature Top2, the CPU 210 sets the outdoor fan rotation
speed Rfo to 0 rpm (ST118), that is, the CPU 210 stops
the outdoorfan 27, and ends the outdoor fan control when
maintaining a temperature to return to the main routine
by referring to the outdoor fan control table 500 stored in
the storage unit 220.

[0161] When the acquired outside air temperature To
is equal to or higher than the first threshold outside air
temperature Top1 and lower than the second threshold
outside air temperature Top2 (ST113-Yes), the CPU 210
determines whether or not the indoor temperature Ti ac-
quired in ST111 is lower than a predetermined indoor
temperature (hereinafter, described as threshold indoor
temperature Tip) (ST114). For example, the threshold
indoor temperature Tip is 27°C, which is the indoor tem-
perature defined in the outdoor fan control table 500 of
FIG. 6(B).

[0162] When the acquired indoor temperature Tiis not
lower than the threshold indoor temperature Tip (ST114-
No), that is, when the acquired indoor temperature Ti is
equal to or higher than the threshold indoor temperature
Tip, the CPU 210 causes the process to proceed to
ST118. When the acquired indoor temperature Tiis lower
than the threshold indoor temperature Tip (ST114-Yes),
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the CPU 210 determines whether or not the current out-
door fan rotation speed Rfo is 0 rpm (ST115).

[0163] When the current outdoor fan rotation speed
Rfo is 0 rpm (ST115-Yes), the CPU 210 causes the proc-
ess to proceed to ST118, that is, maintains the state in
which the outdoor fan 27 is stopped. When the current
outdoor fan rotation speed Rfo is not 0 rpm (ST115-No),
the CPU 210 sets the outdoor fan rotation speed Rfo to
a predetermined rotation speed (hereinafter, described
as outdoor fan rotation speed Rfob when maintaining)
(ST116), and ends the outdoor fan control when main-
taining a temperature to return to the main routine. For
example, the outdoor fan rotation speed Rfob when main-
tainingis 190 rpm which is the outdoor fan rotation speed
Rfo defined in the outdoor fan control table 500 of FIG.
6(B).

[0164] As described above, in the temperature main-
taining operation performed in the indoor heat exchange
heating operation, the outdoor fan control when main-
taining a temperature is performed by using the outdoor
fan control table 500. Accordingly, when the indoor heat
exchange temperature Tc is maintained in a range of
55°C to 57°C by controlling the outdoor fan 27 based on
the outdoor fan control table 500, the discharge pressure
of the compressor 21 can be prevented from exceeding
the upper limit value of the use range.

[0165] As described in the process of ST115, in the
outdoor fan control when maintaining a temperature,
once the outdoorfan 27 is stopped, after that, the outdoor
fan 27 is not driven until the indoor heat exchange heating
operation is ended. The reason for this is to prevent the
discharge pressure of compressor 21 form increasing to
exceed the upper limit value of the use range since the
evaporation capacity in the outdoor heat exchanger 23
is increased and the evaporation pressure is increased
due to the restart of the outdoor fan 27 when the indoor
heat exchange temperature Tc is maintained at 55°C or
higher.

<Protection Control in Indoor Heat Exchange Heating
Operation>

[0166] Next, a protection control in the indoor heat ex-
change heating operation, which prevents the discharge
pressure of the compressor 21 from exceeding an upper
limit value of the use range when the indoor heat ex-
change heating operation described above is performed,
will be described with reference to FIG. 11. In FIG. 11,
ST represents a step of a process, and the numbers fol-
lowing this represent a step number. The protection con-
trol in the indoor heat exchange heating operation is per-
formed when the indoor heat exchange heating operation
is performed, and is different from the protection control
in the heating operation, which is performed when the
heating operation is performed.

[0167] First, the control means acquires the indoor
heat exchange temperature Tc, the discharge tempera-
ture Td, the temperature of the outdoor heat exchanger
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23 (hereinafter, described as outdoor heat exchange
temperature Te), and the outside air temperature To
(ST131). Among these, since the indoor heat exchange
temperature Tc and the discharge temperature Td are
acquired in the same method as ST11 in the protection
control in the heating operation, which is described in
FIG. 4, description will be omitted. Since the outside air
temperature To isacquired in the same methodas ST111
in the outdoor fan control when maintaining a tempera-
ture, which is described in FIG. 10, description will be
omitted. With respect to the outdoor heat exchange tem-
perature Te, the CPU 210 periodically (for example, eve-
ry 30 seconds) acquires the outdoor heat exchange tem-
perature Te detected by the outdoor heat exchange tem-
perature sensor 72 via the sensor input unit 240.
[0168] Next, the control means determines whether or
not the indoor heat exchange temperature Tc acquired
in ST131 is equal to or higher than a predetermined tem-
perature which is a temperature higher than the first
threshold indoor heat exchange temperature Tch1 (here-
inafter, described as second threshold indoor heat ex-
change temperature Tch2) (ST132). Specifically, the
CPU 310 reads out the second threshold indoor heat
exchange temperature Tch2 stored in advance in the
storage unit 320 and compares the second threshold in-
door heat exchange temperature Tch2 with the indoor
heat exchange temperature Tc. The second threshold
indoor heat exchange temperature Tch2 is obtained by
performing a test or the like in advance. The second
threshold indoor heat exchange temperature Tch2 is
higher than the first threshold indoor heat exchange tem-
perature Tch1, and is a temperature which is lower than
the indoor heat exchange temperature Tc corresponding
to the upper limit value of the use range of the discharge
pressure of the compressor 21 described above by a
predetermined temperature. The second threshold in-
door heat exchange temperature Tch2 is, for example,
59°C.

[0169] When the indoor heat exchange temperature
Tcis equal to or higher than the second threshold indoor
heat exchange temperature Tch2 (ST132-Yes), the con-
trol means stops the indoor heat exchange heating op-
eration (ST136), and ends the process of the protection
control in the indoor heat exchange heating operation.
The operation of the air conditioner 1 may be stopped
after performing the process of ST136. In addition, the
compressor 21 may be stopped and a blowing operation
continuing to drive only the indoor fan 32 may be per-
formed. Alternatively, the compressor 21 may be driven
at a predetermined rotation speed. The drying operation
of the indoor heat exchanger 31 may be continued for a
certain period of time by making the opening degree D
of the expansion valve 24 higher than the predetermined
expansion valve opening degree Dp in the indoor heat
exchange heating operation and driving the indoor fan
32 at the indoor fan rotation speed Rfi higher than that
in the indoor heat exchange heating operation. In the
drying operation, the discharge pressure of the compres-
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sor 21 is reduced more than that in the indoor heat ex-
change heating operation since the opening degree D of
the expansion valve 24 is made larger than that in the
indoor heat exchange heating operation and the indoor
fan rotation speed Rfi is also increased.

[0170] When the indoor heat exchange temperature
Tc is not equal to or higher than the second threshold
indoor heat exchange temperature Tch2 (ST132-No), the
control means determines whether or not the discharge
temperature Td acquired in ST131 is equal to or higher
than the first threshold discharge temperature Tdh1
(ST133). Specifically, the CPU 210 determines whether
or not the discharge temperature Td is equal to or higher
than the first threshold discharge temperature Tdh1.
[0171] When the acquired discharge temperature Td
is equal to or higher than the first threshold discharge
temperature Tdh1 (ST133-Yes), the control means caus-
es the process to proceed to ST136.

[0172] When the acquired discharge temperature Td
is not equal to or higher than the first threshold discharge
temperature Tdh1 (ST133-No), the control means deter-
mines whether or not the outdoor heat exchange tem-
perature Te acquired in ST131 is equal to or higher than
a predetermined outdoor heat exchange temperature
(hereinafter, described as threshold outdoor heat ex-
change temperature Teh) (ST134). Specifically, the CPU
210 determines whether or not the acquired outdoor heat
exchange temperature Te is equal to or higher than the
threshold outdoor heat exchange temperature Teh.
Here, the threshold outdoor heat exchange temperature
Teh is obtained by performing a test in advance and
stored in the storage unit 220. When the outdoor heat
exchange temperature Te is equal to or higher than the
threshold outdoor heat exchange temperature Teh, the
threshold outdoor heat exchange temperature Teh is a
temperature at which there is a possibility that the suction
pressure of the compressor 21 increases and the com-
pression ratio (ratio of discharge pressure to suction
pressure) of the compressor 21 falls below the lower limit
value of the use range.

[0173] Whenthe acquired outdoor heatexchange tem-
perature Te is equal to or higher than the threshold out-
door heat exchange temperature Teh (ST134-Yes), the
control means causes the process to proceed to ST136.
[0174] Whenthe acquired outdoor heat exchange tem-
perature Te is not equal to or higher than the threshold
outdoor heat exchange temperature Teh (ST134-No),
the control means determines whether or not the outside
airtemperature To acquired in ST131 is equal to or higher
than a predetermined outside air temperature (Hereafter,
described as third threshold outside air temperature Top
3) (ST135). Specifically, the CPU 310 determines wheth-
er or not the acquired outside air temperature To is equal
to or higher than the third threshold outside air temper-
ature Top3. Here, the third threshold outside air temper-
ature Top3 is obtained by performing a test in advance
and is stored in the storage unit 220. If the indoor heat
exchange heating operation is performed when the out-
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side air temperature To is equal to or higher than the third
threshold outside air temperature Top3, the third thresh-
old outside air temperature Top3 is a temperature at
which there is a possibility that the discharge pressure
of the compressor 21 excessively increases and exceeds
the lower limit value of the use range of the discharge
pressure of the compressor 21. The third threshold out-
side air temperature Top3 is a temperature which is high-
er than the first threshold outside air temperature Top1
and the second threshold outside air temperature Top2
described above, for example, 43°C.

[0175] When the acquired outside air temperature To
is not equal to or higher than the third threshold outside
air temperature Top3 (ST134-No), the control means re-
turns the process to ST131. When the acquired outside
air temperature To is equal to or higher than the third
threshold outside air temperature Top3 (ST134-Yes), the
control means returns the process to ST136.

[0176] As described above, in the protection control in
the indoor heat exchange heating operation, the com-
pressor 21 is not stopped until the indoor heat exchange
temperature Tc becomes equal to or higher than the sec-
ond threshold indoor heat exchange temperature Tch2
(=59°C) higher than the first threshold indoor heat ex-
change temperature Tch1 (=55°C) in the protection con-
trol in the heating operation. Accordingly, the discharge
pressure of the compressor 21 can be prevented from
exceeding the upper limit value of the use range since
the indoor heat exchange temperature Tc can be main-
tained at 55°C to 57°C in the outdoor heat exchange
heating operation, and the compressor 21 is stopped
when the indoor heat exchange temperature Tc is equal
to or higher than the second threshold indoor heat ex-
change temperature Tch2.

[0177] Further, in the protection control in the indoor
heat exchange heating operation, the compressor 21 is
stopped when the discharge temperature Td of the com-
pressor 21 is equal to or higher than the first threshold
discharge temperature Tdh1 (=105°C) which is a tem-
perature lower than the second threshold discharge tem-
perature Tdh2 (=115°C), the second threshold discharge
temperature Tdh2 being a threshold temperature at
which the compressor 21 is stopped in the protection
control in the heating operation. When the indoor heat
exchange temperature Tc is maintained at 55°C to 57°C
in the indoor heat exchange heating operation, the dis-
charge temperature Td of the compressor 21 easily in-
creases, and the discharge pressure also easily increas-
es. Therefore, when the discharge temperature Td is
equal to or higher than the first threshold discharge tem-
perature Tdh1 lower than the second threshold discharge
temperature Tdh2, the discharge pressure of the com-
pressor 21 can be prevented from exceeding the upper
limit value of the use range effectively by stopping the
compressor 21.

[0178] Furthermore, in the protection control in the in-
door heat exchange heating operation, the stop of the
compressor 21 at the outdoor heat exchange tempera-
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ture Te which is not included in the protection control in
the heating operation. It is considered that the indoor
heatexchange heating operation of the presentinvention
is often performed in summerwhen the cooling operation,
in which the possibility of the growth of fungus and bac-
teria due to the condensed water generated in the indoor
heat exchanger 31 is high, is performed. In summer, the
outside air temperature To is high, and the outdoor heat
exchange temperature Te of the outdoor heat exchanger
23 functioning as an evaporator is high in the indoor heat
exchange heating operation due to the high outside air
temperature To. In this case, the suction pressure of the
compressor 21 may increase due to the increase in the
outdoor heat exchange temperature Te. Accordingly, in
the protection control of the indoor heat exchange heat-
ing operation, when the outdoor heat exchange temper-
ature Te is equal to or higher than the threshold outdoor
heat exchange temperature Teh, the compression ratio
ofthe compressor 21 can be prevented from falling below
the lower limit value of the use range by stopping the
compressor 21 to prevent the suction pressure of the
compressor 21 from increasing.

<Regarding Wet Control Operation>

[0179] In the present invention, prior to the above de-
scribed indoor heat exchange heating operation, the wet
control operation may be performed as follows. In the
wet control operation, the indoor heat exchange temper-
ature is controlled so as to wet a surface of the indoor
heat exchanger 31 with a specific water amount of the
dew condensation water based on the temperature and
humidity of the indoor heat exchanger 31 after the cooling
operation. As described above, if the indoor heat ex-
change temperature is maintained at a high temperature
in the state where the dew condensation water is present
on the surface of the indoor heat exchanger 31, the sur-
vival rate of fungi and bacteria existing on the surface of
the indoor heat exchanger 31 can be significantly re-
duced. Here, in the indoor unit 3, an information signal
including humidity information of the measured humidity
is supplied to the sensor input unit 340 of the indoor unit
control means 300 from an indoor humidity sensor (not
shown) that measures relative humidity in the indoor unit
3.

[0180] AsshowninFIG. 12, whenthe endofthe cooling
operation is recognized, the control means stops the ro-
tation of the indoor fan 32 in ST137. The stationary state
ofthe indoor fan 32 prevents the dew condensation water
from evaporating from the surface of the indoor heat ex-
changer 31. At this time, a position of the four-way valve
22 in the cooling operation is maintained. In ST137, the
control means may reduce the rotation speed of the in-
door fan 32 and perform the intermittent rotation in addi-
tion to stopping the rotation of the indoor fan 32. The
rotation of the indoor fan 32 may be appropriately adjust-
ed according to the water amount of the dew condensa-
tion water.
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[0181] In ST138, the control means specifies the wet-
ting amount of the indoor heat exchanger 31 from the
water amount of the dew condensation water generated
on the surface of the indoor heat exchanger 31. The con-
trol means estimates the saturated water vapor amount
from the output signal of the indoor temperature sensor
75 and the indoor humidity sensor in specifying the wet-
ting amount. The control means specifies the water
amount of the dew condensation water from a value of
the estimated saturated water vaporamount and duration
time or elapsed time measured by a timer (not shown)
built in the indoor unit 3. Generally, after the cooling op-
eration, the temperature of the indoor heat exchanger 31
is low, and the dew condensation water is generated on
the surface of the indoor heat exchanger 31.

[0182] In a case where the estimated wetting amount
falls short of the predetermined specified amount, the
control means cools the indoor heat exchanger 31 in
ST139. The control means instructs operations of the
expansion valve 24 and the compressor 21 to lower an
evaporation temperature of the refrigerant in the indoor
heat exchanger 31 in cooling the indoor heat exchanger
31. As a result, the temperature of the indoor heat ex-
changer 31 is reduced, and the generation of the dew
condensation water is promoted. On the surface of the
indoor heat exchanger 31, sufficient wetting is secured.
Apredetermined specified amount for the wetting amount
may be set to a water amount in which effectiveness of
wet-heat sterilization is not lost due to evaporation during
heating of the indoor heat exchanger 31 in order to per-
form wet-heat sterilization that can kill bacteria at a tem-
perature lower than a temperature in the drying state to
reduce the number of bacteria by applying heat to bac-
teria and fungus in a high humidity state.

[0183] When the estimated wetting amount reaches
the predetermined specified amount, the control means
heats the indoor heat exchanger 31 in ST140. Conden-
sation of the refrigerant is used to heat the indoor heat
exchanger 31. At this time, the control means switches
the four-way valve 22. The four-way valve 22 is switched
to a position in the heating operation. Here, the temper-
ature of the indoor heat exchanger 31 at the time of heat-
ing is setto 45 degrees Celsius or higher. Preferably, the
temperature of the indoor heat exchanger 31 is set to 60
degrees Celsius or higher. Accordingly, the indoor heat
exchanger 31 is heated without evaporating the dew con-
densation water on the surface of the indoor heat ex-
changer 31 without the drying operation performed in the
related art. The dew condensation water is heated by the
indoor heat exchanger 31. Bacteria and fungi are heated
in the heated dew condensation water. Therefore, bac-
teria and fungi are wet heat sterilized. The number of
bacteria and fungi can be reduced by killing bacteria and
fungi.

[0184] Inparticular, whenthe temperature of the indoor
heat exchanger 31 is set to 45 degrees Celsius or higher,
the dew condensation water is heated to 45 degrees Cel-
sius or higher, and the wet-heat sterilization of bacteria
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and fungus is effectively realized. Further, when the tem-
perature of the indoor heat exchanger 31 is set to 60
degrees Celsius or higher, the wet-heat sterilization of
bacteria and fungus is further effectively realized. The
time to sterilization can be shortened. However, it is de-
sirable that the temperature of the indoor heat exchanger
31 is set to 70 degrees Celsius or lower, a temperature
as low as possible, in order to suppress evaporation of
the dew condensation water as much as possible. In a
state where the heat exchanger is dried, even if the tem-
perature is set to 45 degrees Celsius or higher, it does
not lead to the sterilization of bacteria and fungus.
[0185] The opening degree of the expansion valve 24
and the rotation of the fans 27 and 32 are appropriately
adjusted such that the temperature of the indoor heat
exchanger 31 does not exceed 60 degrees to become
an overload condition when heating the indoor heat ex-
changer 31.

[0186] In ST141, the control means determines the
completion of wet-heat sterilization. In the determination,
for example, the control means uses the measurement
of the timer. The timer measures the duration time of the
set temperature. When the duration time of the set tem-
perature reaches the specified value, the control means
ends the wet-heat sterilization. When the duration time
of the set temperature is lower than the specified value,
the control means continues the heating operation. The
specified value of the duration time of the set temperature
may be equal to or longer than the time when the effect
of wet-heat sterilization can be obtained. According to
the experiments by an applicant, itis known that the effect
of wet-heat sterilization can be obtained by setting the
time to 3 minutes or longer for Escherichia coli and 5
minutes or longer for black fungus . In addition, it has
been found that 10 minutes or longer is desirable for Le-
gionella bacteria . At this time, the control means ob-
serves the operation of the compressor 21 in ST142.
When the overload of the compressor 21 is detected in
heating up to the set temperature, the control means low-
ers the discharge temperature of the compressor 21 in
ST7, and the heating operation is ended. When the over-
load is not detected, the heating operation is continued
until it is determined that wet-heat sterilization is com-
pleted in ST141.

[0187] Here, the overload condition of the compressor
21 set at the time of condensation is alleviated compared
with the overload condition of the compressor 21 set in
the heating operation. Thatis, the discharge temperature
which is the threshold of the overload condition is set to
be high, or the time until the overload protection operation
is setto belongwhen the discharge temperature exceeds
the threshold of the overload condition for a predeter-
mined time. Since the overload condition of the compres-
sor 21 is alleviated in the wet control operation, the indoor
heatexchanger 31 can be heated to a higher temperature
than that in the heating operation. The wet-heat sterili-
zation of bacteria and fungus is realized.

[0188] Inthe wetcontrol operation of the air conditioner
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1, the drying process in the indoor unit 3 may be per-
formed following the wet-heat sterilization process. In the
drying process, the rotation of the indoor fan 32 is started
in a state where the heating of the indoor heat exchanger
31 is maintained. The control means specifies the rota-
tion speed of the indoor fan 32 when the indoor fan 32
rotates. The rotation of the indoor fan 32 promotes the
evaporation of the heated dew condensation water. At
this time, the blowing port of the indoor unit 3 may be
closed by the vertical wind direction plate 35. When clos-
ing the blowing port, the control means may specify the
minimum angle of the vertical wind direction plate 35.
Blowing of a warm air after the cooling operation is avoid-
ed in this manner. The growth of bacteria and fungus
remaining in the wet-heat sterilization is suppressed by
continuing the dry heating following the process of the
wet-heat sterilization.

Claims
1. An air conditioner comprising:

an indoor heat exchanger;

anindoor unitincluding an indoor heatexchange
temperature sensor detecting an indoor heat ex-
change temperature, the indoor heat exchange
temperature being a temperature of the indoor
heat exchanger;

an outdoor unit including a compressor; and
control means for controlling the compressor,
wherein the control means performs a first pro-
tection control or a second protection control
when the control means causes the indoor heat
exchanger to function as a condenser,

the first protection control is performed when the
indoor heat exchange temperature is a temper-
ature higher than a predetermined first threshold
indoor heat exchange temperature, and

the second protection controlis performed when
the indoor heat exchange temperature is a tem-
perature higher than a predetermined second
threshold indoor heat exchange temperature
higher than the first threshold indoor heat ex-
change temperature.

2. The air conditioner according to claim 1,

wherein the first protection control is performed in a
heating operation, and

the second protection control is performed when the
control means causes the indoor heat exchanger to
function as a condenser and an indoor heat ex-
change heating operation is performed, the indoor
heat exchange heating operation maintaining the in-
door heat exchange temperature at a temperature
capable of reducing the number of fungi and bacteria
existing in the indoor heat exchanger or higher.
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The air conditioner according to claim 1 or 2,

wherein the second threshold indoor heat exchange
temperature is a temperature higher than a target
temperature of the indoor heat exchange tempera-
ture in the indoor heat exchange heating operation.

The air conditioner according to any one of claims 1
to 3,

wherein in the first protection control, the control
means stops the heating operation when the indoor
heat exchange temperature is a temperature higher
than the first threshold indoor heat exchange tem-
perature, and

in the second protection control, the control means
stops the indoor heat exchange heating operation
when the indoor heat exchange temperature is a
temperature higher than the second threshold indoor
heat exchange temperature.

The air conditioner according to any one of claims 1
to 4,

wherein the outdoor unit includes a discharge tem-
perature sensor detecting a discharge temperature
which is a temperature of a refrigerant discharged
from the compressor,

the second protection control is performed when, in
addition to the indoor heat exchange temperature,
the discharge temperature is a temperature higher
than a predetermined first threshold discharge tem-
perature, and

the first protection control is performed when, in ad-
dition to the indoor heat exchange temperature, the
discharge temperature is a predetermined second
discharge temperature higher than the first threshold
discharge temperature.

The air conditioner according to any one of claims 1
to 5,

wherein the outdoor unit includes an outdoor heat
exchanger and an outdoor heat exchange tempera-
ture sensordetecting an outdoor heat exchange tem-
perature which is a temperature of the outdoor heat
exchanger, and

the second protection control is performed when, in
addition to the indoor heat exchange temperature
and the discharge temperature, the outdoor heat ex-
change temperature is a temperature higher than a
predetermined threshold outdoor heat exchange
temperature.

The air conditioner according to any one of claims 1
to 6,

wherein the outdoor unitincludes an outside air tem-
perature sensor detecting an outside air tempera-
ture, and

the second protection control is performed when, in
addition to the indoor heat exchange temperature,
the discharge temperature and the outdoor heat ex-
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change temperature, the outside air temperature is
a temperature higher than a predetermined thresh-
old outside air temperature.

The air conditioner according to claim 4,

wherein in each of a stop of the heating operation in
the first protection control and a stop of the indoor
heat exchange heating operation in the second pro-
tection control, the compressor is stopped.

The air conditioner according to claim 2,
wherein the control means heats the indoor heat ex-
changer without evaporating dew condensation wa-
ter on a surface of the indoor heat exchanger in the
indoor heat exchange heating operation.

The air conditioner according to claim 9,

wherein the control means performs a wet control
operation to cause the indoor heat exchanger to
function as an evaporator so as to wet a surface of
the indoor heat exchanger with a specific water
amountofdew condensation water prior to the indoor
heat exchange heating operation.
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