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(54) AIR CONDITIONER

(67)  Toimprove heating performance almost without
the feeling of draft. An air conditioner (1) comprises an
indoor unit (2) and an outdoor unit (3) coupled to the
indoor unit via a refrigerant circuit. The indoor unit (2)
includes: a heat exchanger (20) and a radiation panel
(22) each having a part of pipes constituting the refriger-
ant circuit; and a fan (21) disposed in the vicinity of the
heat exchanger (20). The air conditioner (1) is capable
of: a hot-air heating operation for performing hot-air heat-
ing by introducing a refrigerant into the heat exchanger
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(20), not into the radiation panel (22); a radiation heating
operation for performing the hot-air heating by introduc-
ing the refrigerant into the heat exchanger (20) and per-
forming radiation heating by introducing the refrigerant
into the radiation panel (22); and a radiation breeze heat-
ing operation for performing the hot-air heating by intro-
ducing the refrigerant into the heat exchanger (20) and
performing the radiation heating by introducing the re-
frigerant into the radiation panel (22), while reducing the
amount of air blown by the fan (21) less than in the radi-
ation heating operation and the hot-air heating operation.
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Description
[Technical Field]
[0001] The present invention relates to an air conditioner including a heat exchanger, a fan, and a radiation panel.
[Background Art]

[0002] An indoor unit of a known air conditioner includes a heat exchanger and a radiation panel each having a part
of a conduit constituting a refrigerant circuit and an indoor fan provided in the vicinity of the heat exchanger (see, e.g.,
Patent Document 1). This air conditioner is set at, as a heating operation mode, a fan-panel mode in which both warm-
air heating and radiation heating are conducted, an automatic mode in which automatic switching is done between the
warm-air heating and the radiation heating, or a panel mode in which only the radiation heating is conducted without the
warm-air heating. When only the radiation heating is conducted and the warm-air heating is not conducted, the indoor
fan is not driven. On the other hand, when only the radiation heating is conducted, the operation frequency of the
compressor is arranged to be lower than in the case where both the warm-air heating and the radiation heating are
conducted.

[Citation List]
[Patent Documents]
[0003]
[Patent Document 1] Japanese Unexamined Patent Publication No. 63-113239
[Summary of Invention]
[Technical Problem]

[0004] Inregard to the above, in case of the radiation heating without the warm-air heating, heating may be insufficient
on account of low radiation heating capability, when the operation frequency of the compressor is lowered. When the
operation frequency of the compressor is increased to improve the radiation heating capability, the heat exchange
amount of the refrigerant is small in the heat exchanger because the indoor fan has been stopped, with the result that
the pressure in the refrigerant circuit is increased. This may stop the operation of the air conditioner for the reason of
abnormally high pressure.

When both the warm-air heating and the radiation heating are conducted, the operation frequency of the compressor is
improved and the problems above are resolved. However, because the warm-air heating typically gives the user the
feeling of a draft, the user’'s demand for heating without the feeling of a draft is not satisfied.

[0005] Based on the above, an object of the present invention is to provide an air conditioner that has improved
heating capability while hardly giving the user the feeling of a draft.

[Solution to Problem]

[0006] According to the first aspect of the invention, an air conditioner includes an indoor unit and an outdoor unit
connected to the indoor unit via a refrigerant circuit, the indoor unit including a heat exchanger and a radiation panel
each having a conduit constituting a part of the refrigerant circuit and a fan provided in the vicinity of the heat exchanger,
the air conditioner being capable of executing: a radiation heating operation in which warm-air heating is conducted by
supplying refrigerant to the heat exchanger and radiation heating is conducted by supplying the refrigerant to the radiation
panel; and a radiation breeze heating operation in which warm-air heating is conducted by supplying the refrigerant to
the heat exchanger, radiation heating is conducted by supplying the refrigerant to the radiation panel, and radiation
breeze heating in which an air quantity generated by the fan is smaller than an air quantity in the radiation heating
operation is conducted.

[0007] Because in this air conditioner the air quantity generated by the fan is reduced in the radiation breeze heating
operation, it is possible to conduct the warm-air heating while hardly giving the user the feeling of a draft. Furthermore,
because the fan is not stopped and hence the heat exchange amount by the heat exchanger is large, it is possible to
preventthe pressure in the refrigerant circuit from becoming excessively high. The number of revolution of the compressor
of the outdoor unit is increased as compared to the case where the fan is stopped and only the radiation heating is
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conducted, with the result that the heating capability is improved.

[0008] According tothe second aspect of the invention, the air conditioner of the first aspect further includes: an indoor
temperature sensor configured to detect a temperature in a room in which the indoor unit is provided; and a switching
unit configured to conduct switching between the radiation heating operation and the radiation breeze heating operation
based on the indoor temperature detected by the indoor temperature sensor.

[0009] In this air conditioner, the switching between the radiation heating operation and the radiation breeze heating
is conducted in accordance with the indoor temperature so that the radiation heating operation is conducted when the
indoor temperature is low whereas the radiation breeze heating operation is conducted when the indoor temperature is
high. This makes it possible to rapidly increase the indoor temperature when the indoor temperature is low, and the
switching to the heating that hardly gives the user the feeling of a draft is automatically conducted when the indoor
temperature becomes high.

[0010] According to the third aspect of the invention, the air conditioner of the first or second aspect further includes:
a compressor provided in the outdoor unit; a control unit configured to control the compressor; and a storage unit
configured to store an upper limit regarding a pressure in the heat exchanger, when at least one of the radiation heating
operation and the radiation breeze heating operation is being conducted, the control unit controlling the compressor so
that the pressure in the heat exchanger is substantially identical with a pressure corresponding to the upper limit.
[0011] In this air conditioner, the compressor is controlled so that the pressure in the refrigerant circuit is substantially
equal to the maximum pressure in the radiation heating operation or the radiation breeze heating operation, with the
result that the heating capability is improved.

[0012] According to the fourth aspect of the invention, the air conditioner of the third aspect further includes a heat
exchanger temperature sensor provided in the heat exchanger, the storage unit storing the maximum temperature of
the heat exchanger temperature in the heat exchanger as the upper limit regarding the pressure in the heat exchanger,
and when at least one of the radiation heating operation and the radiation breeze heating operation is being conducted,
the control unit controls the compressor so that the heat exchanger temperature detected by the heat exchanger tem-
perature sensor is substantially equal to the maximum temperature.

[0013] In this air conditioner, the compressor is controlled so that the heat exchange temperature detected by the heat
exchange temperature sensor is substantially equal to the maximum temperature, with the result that the pressure in
the refrigerant circuit is controlled to be substantially equal to the maximum pressure.

[0014] According to the fifth aspect of the invention, an air conditioner includes an indoor unit and an outdoor unit
connected to the indoor unit via a refrigerant circuit, the indoor unit including a heat exchanger and a radiation panel
each having a conduit constituting a part of the refrigerant circuit and a fan provided in the vicinity of the heat exchanger,
the air conditioner being capable of executing: a warm-air heating operation in which warm-air heating is conducted by
supplying refrigerant not to the radiation panel but to the heat exchanger; and a radiation breeze heating operation in
which warm-air heating is conducted by supplying the refrigerant to the heat exchanger, radiation heating is conducted
by supplying the refrigerant to the radiation panel, and radiation breeze heating in which an air quantity generated by
the fan is smaller than an air quantity in the warm-air heating operation is conducted.

[0015] Because in this air conditioner the air quantity generated by the fan is reduced in the radiation breeze heating
operation, it is possible to conduct the warm-air heating while hardly giving the user the feeling of a draft. Furthermore,
because the fan is not stopped and hence the heat exchange amount by the heat exchanger is large, it is possible to
preventthe pressure in the refrigerant circuit from becoming excessively high. The number of revolution of the compressor
of the outdoor unit is increased as compared to the case where the fan is stopped and only the radiation heating is
conducted, with the result that the heating capability is improved.

[0016] Accordingtothe sixth aspect of the invention, the air conditioner of the fifth aspect further includes: a compressor
provided in the outdoor unit; a control unit configured to control the compressor; and a storage unit configured to store
anupper limitregarding a pressure in the heat exchanger, when the radiation breeze heating operation is being conducted,
the control unit controlling the compressor so that the pressure in the heat exchanger is substantially equal to a pressure
corresponding to the upper limit.

[0017] Because in this air conditioner the compressor is controlled so that the pressure in the refrigerant circuit is
substantially equal to the maximum pressure in the radiation breeze heating operation, the heating capability is improved.
[0018] According to the seventh aspect of the invention, the air conditioner of the sixth aspect further includes a heat
exchanger temperature sensor provided in the heat exchanger, the storage unit storing the maximum temperature of
the heat exchanger temperature in the heat exchanger as the upper limit regarding the pressure in the heat exchanger,
and when the radiation breeze heating operation is being conducted, the control unit controlling the compressor so that
the heat exchanger temperature detected by the heat exchanger temperature sensor is substantially equal to the max-
imum temperature.

[0019] In this air conditioner, the compressor is controlled so that the heat exchange temperature detected by the heat
exchange temperature sensor is substantially equal to the maximum temperature, with the result that the pressure in
the refrigerant circuit is substantially equal to the maximum pressure.



10

15

20

25

30

35

40

45

50

55

EP 2 631 550 A1

[0020] According to the eighth aspect of the invention, the air conditioner of any one of first to seventh aspects further
includes a valve structure configured to adjust an amount of the refrigerant supplied to the radiation panel, and in the
refrigerant circuit, the radiation panel and the valve structure being provided to be in parallel to the heat exchanger.
[0021] In this air conditioner, because the radiation panel and the valve structure are provided to be in parallel to the
heat exchanger, it is possible to conduct the switching between (i) an operation in which only the warm-air heating is
conducted without supplying the refrigerant to the radiation panel and (ii) the radiation heating operation or the radiation
breeze heating operation in which the refrigerant is supplied to the radiation panel, only by opening or closing the valve
structure.

[Advantageous Effects of Invention]

[0022] As described above, the following effects are obtained by the present invention.

[0023] According to the first and fifth aspects, because the air quantity generated by the fan is reduced in the radiation
breeze heating operation, it is possible to conduct warm-air heating while hardly giving the user the feeling of a draft.
Furthermore, because the fan is not stopped and hence the heat exchange amount by the heat exchanger is large, it is
possible to prevent the pressure in the refrigerant circuit from becoming excessively high. The number of revolution of
the compressor of the outdoor unit is increased as compared to the case where the fan is stopped and only the radiation
heating is conducted, with the result that the heating capability is improved.

[0024] According to the second aspect of the invention, the switching between the radiation heating operation and the
radiation breeze heating is conducted in accordance with the indoor temperature so that the radiation heating operation
is conducted when the indoor temperature is low whereas the radiation breeze heating operation is conducted when the
indoor temperature is high. This makes it possible to rapidly increase the indoor temperature when the indoor temperature
is low, and the switching to the heating that hardly gives the user the feeling of a draft is automatically conducted when
the indoor temperature becomes high.

[0025] According to the third and sixth aspects of the invention, the compressor is controlled so that the pressure in
the refrigerant circuit is substantially equal to the maximum pressure in the radiation heating operation or the radiation
breeze heating operation, with the result that the heating capability is improved.

[0026] According to the fourth and seventh aspects of the invention, the compressor is controlled so that the heat
exchange temperature detected by the heat exchange temperature sensor is substantially equal to the maximum tem-
perature, with the result that the pressure in the refrigerant circuit is substantially equal to the maximum pressure.
[0027] Accordingto the eighth aspect of the invention, because the radiation panel and the valve structure are provided
to be in parallel to the heat exchanger, it is possible to conduct the switching between (i) an operation in which only the
warm-air heating is conducted without supplying the refrigerant to the radiation panel and (ii) the radiation heating
operation or the radiation breeze heating operation in which the refrigerant is supplied to the radiation panel, only by
opening or closing the valve structure.

[Brief Description of Drawings]
[0028]

FIG. 1 is a circuit diagram showing the schematic configuration of an air conditioner of an embodiment of the present
invention, illustrating the flows of refrigerant in a cooling operation and in a warm-air heating operation.

FIG. 2 is a circuit diagram showing the schematic configuration of the air conditioner of the embodiment of the
present invention, illustrating the flows of refrigerant in a radiation heating operation and in a radiation breeze heating
operation.

FIG. 3 is a block diagram showing the schematic configuration of a controller controlling the air conditioner.

FIG. 4 is a graph showing the operations of components of the air conditioner when it is driven in a radiation 1
operation mode, an indoor temperature, and a radiation panel temperature.

FIG. 5 is a graph showing the operations of components of the air conditioner when it is driven in a radiation 2
operation mode, an indoor temperature, and a radiation panel temperature.

[Description of Embodiments]
[0029] The following will describe an embodiment of an air conditioner 1 of the present invention.
<Overall Structure of Air Conditioner 1>

[0030] As shown in FIG. 1 and FIG. 2, the air conditioner 1 of the present embodiment includes an indoor unit 2
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provided inside a room, an outdoor unit 3 provided outside the room, and a remote controller 4 (see FIG. 3). The indoor
unit 2 includes an indoor heat exchanger 20, an indoor fan 21 provided in the vicinity of the indoor heat exchanger 20,
aradiation panel 22, an indoor motor-operated valve (valve structure) 23, and an indoor temperature sensor 24 configured
to detect an indoor temperature. On the other hand, the outdoor unit 3 includes a compressor 30, a four-way valve 31,
an outdoor heat exchanger 32, an outdoor fan 33 provided in the vicinity of the outdoor heat exchanger 32, and an
outdoor motor-operated valve 34.

[0031] In this air conditioner 1, the indoor heat exchanger 20, the compressor 30, the four-way valve 31, the outdoor
heat exchanger 32, and the outdoor motor-operated valve 34 are connected to one another and constitute an annular
refrigerant circuit 10. Furthermore, in the refrigerant circuit 10, the conduits on the respective sides of the indoor heat
exchanger 20 are connected with each other by a bypass conduit 11. This bypass conduit 11 is provided with the radiation
panel 22 and the indoor motor-operated valve 23. On the respective sides of the radiation panel 22 on the bypass conduit
11, a panel incoming temperature sensor 25 and a panel outgoing temperature sensor 26 are provided. Furthermore,
in the refrigerant circuit 10, an accumulator 35 is provided between the sucking side of the compressor 30 and the four-
way valve 31 whereas a discharge temperature sensor 36 is provided between the discharging side of the compressor
30 and the four-way valve 31. Furthermore, the outdoor heat exchanger 32 is provided with an outdoor heat exchanger
temperature sensor 28.

[0032] The indoor heat exchanger 20 includes a conduit constituting a part of the refrigerant circuit and is provided
with an indoor heat exchanger temperature sensor 27. The indoor heat exchanger 20 is provided on the windward side
of the indoor fan 21. The air heated or cooled by the heat exchange with the indoor heat exchanger 20 is blown by the
indoor fan 21 into the room as warm air or cool air. As such, warm-air heating or cooling is carried out.

[0033] The radiation panel 22 is provided on the top surface side of the indoor unit 2 and includes a conduit constituting
a part of the refrigerant circuit. As the heat of the refrigerant flowing in this conduit is radiated to the room, the radiation
heating is conducted. The indoor motor-operated valve 23 is provided to adjust the flow rate of the refrigerant supplied
to the radiation panel 22.

[0034] The air conditioner 1 of the present embodiment is able to perform a cooling operation, a warm-air heating
operation, a radiation heating operation, and a radiation breeze heating operation. The cooling operation is an operation
to perform cooling such that the refrigerant is supplied not to the radiation panel 22 but to the indoor heat exchanger 20,
whereas the warm-air heating operation is an operation to perform warm-air heating by supplying the refrigerant not to
the radiation panel 22 but to the indoor heat exchanger 20. The radiation heating operation is an operation to perform
warm-air heating by supplying the refrigerant to the indoor heat exchanger 20 and perform radiation heating by supplying
the refrigerant to the radiation panel 22. The radiation breeze heating operation is an operation to perform warm-air
heating with a lower air quantity than the air quantities in the warm-air heating operation and the radiation heating
operation, and perform radiation heating by supplying the refrigerant to the radiation panel 22.

[0035] The flow of the refrigerant in the refrigerant circuit in each operation will be described with reference to FIG. 1
and FIG. 2.

In the cooling operation, the indoor motor-operated valve 23 is closed and the four-way valve 31 is switched to the state
indicated by the broken lines in FIG. 1. With this, as indicated by the broken-line arrows in FIG. 1, the high-temperature
and high-pressure refrigerant discharged from the compressor 30 flows into the outdoor heat exchanger 32 via the four-
way valve 31. The refrigerant is condensed in the outdoor heat exchanger 32, and after the pressure thereof is reduced
by the outdoor motor-operated valve 34, the refrigerant flows into the indoor heat exchanger 20. The refrigerant evap-
orated in the indoor heat exchanger 20 flows into the compressor 30 via the four-way valve 31 and the accumulator 35.
[0036] In the warm-air heating operation, the indoor motor-operated valve 23 is closed and the four-way valve 31 is
switched to the state indicated by the solid lines in FIG. 1. For this reason, as indicated by the solid-line arrows in FIG.
1, the high-temperature and high-pressure refrigerant discharged from the compressor 30 flows into the indoor heat
exchanger 20 via the four-way valve 31. The refrigerant is condensed in the indoor heat exchanger 20, and after the
pressure thereof is reduced by the outdoor motor-operated valve 34, the refrigerant flows into the outdoor heat exchanger
32. The refrigerant evaporated in the outdoor heat exchanger 32 flows into the compressor 30 via the four-way valve
31 and the accumulator 35.

[0037] In the radiation heating operation and the radiation breeze heating operation, the indoor motor-operated valve
23 is opened and the four-way valve 31 is switched to the state indicated by the solid lines in FIG. 2. For this reason,
as indicated by the solid-line arrows in FIG. 2, the high-temperature and high-pressure refrigerant discharged from the
compressor 30 flows into the indoor heat exchanger 20 and the radiation panel 22 via the four-way valve 31. The
refrigerant is condensed in the indoor heat exchanger 20 and the radiation panel 22, and after the pressure thereof is
reduced by the outdoor motor-operated valve 34, the refrigerant flows into the outdoor heat exchanger 32. The refrigerant
evaporated in the outdoor heat exchanger 32 flows into the compressor 30 via the four-way valve 31 and the accumulator
35.
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<Remote Controller 4>

[0038] By using the remote controller 4, the user starts or stops the operation, selects the operation mode, sets the
target temperature (indoor setting temperature) of the indoor temperature, sets the blowing air quantity, and so on. As
shown in Table 1, in the air conditioner 1 of the present embodiment, the cooling operation mode or the heating operation
mode is selectable as the main operation mode by making an instruction through the remote controller 4.

[0039] When the heating operation mode is selected as the main operation mode, as shown in Table 1, one of a warm-
air heating operation mode, a radiation 1 operation mode, and a radiation 2 operation mode is selectable. The radiation
1 operation mode and the radiation 2 operation mode are included in the radiation heating operation mode.

[0040]

[Table 1]
COOLING OPERATION MODE COOLING OPERATION
WARM-AIR HEATING
WARM-AIR HEATING OPERATION MODE OPERATION

SWITCHING BETWEEN

HEATING OPERATION RADIATION 1 RADIATION HEATING

MODE OPERATION MODE OPERATION AND

RADIATION HEATING RADIATION BREEZE

OPERATION MODE HEATING OPERATION

RADIATION 2 RADIATION BREEZE

OPERATION MODE HEATING OPERATION

[0041] AS shown in Table 1, the cooling operation mode is a mode for conducting the cooling operation. The warm-
air heating operation mode is a mode for conducting the warm-air heating operation. The radiation 1 operation mode is
a mode for conducting switching between the radiation heating operation and the radiation breeze heating operation in
accordance with the indoor temperature. The radiation 2 operation mode is a mode for conducting the radiation breeze
heating operation. When the warm-air heating operation mode or the cooling operation mode is selected, one of "automatic

air quantity”, "strong", and "weak" is selectable as the air quantity setting. In the present embodiment, the air quantity
is automatically controlled when the radiation 1 operation mode or the radiation 2 operation mode is selected.

<Controller 5>

[0042] Now, the controller 5 for controlling the air conditioner 1 will be described with reference to FIG. 3. As shown
in FIG. 3, the controller 5 includes a storage (storage unit) 50, an operation mode controller (switching unit) 51, an indoor
motor-operated valve controller 52, an indoor fan controller 53, a compressor controller (control unit) 54 , and an outdoor
motor-operated valve controller 55.

(Storage 50)

[0043] The storage 50 stores various operation settings concerning the air conditioner 1, a control program, a data
table required to execute the control program, and the like. The operation settings are classified into two types. Namely,
settings set through a user’s operation of the remote controller 4 such as a target temperature (indoor setting temperature)
of the indoor temperature and settings that are set in advance for the air conditioner 1. In the air conditioner 1 of the
present embodiment, the target temperature range of the radiation panel 22 is set at a predetermined temperature range
(e.g., 50 to 55 degrees Celsius) in advance. It is noted that the target temperature range of the radiation panel 22 may
be setthrough the remote controller 4. In addition to the above, the storage 50 stores the upper limit of the heat exchanger
temperature of the indoor heat exchanger 20, which corresponds to the maximum pressure in the indoor heat exchanger
20.

(Operation Mode Controller 51)
[0044] When an instruction to start the operation in the cooling operation mode, in the warm-air heating operation

mode, or in the radiation 2 operation mode is made through the remote controller 4, the operation mode controller 51
starts the cooling operation, the heating operation, or the radiation breeze heating operation.
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In the meanwhile, when an instruction to start the operation in the radiation 1 operation mode is made through the remote
controller 4, the operation mode controller 51 starts the radiation heating operation when the indoor temperature detected
by the indoor temperature sensor 24 is lower than the indoor setting temperature, or starts the radiation breeze heating
operation when the indoor temperature is equal to or higher than the indoor setting temperature.

In the air conditioner 1 of the present embodiment, when the operation starts in response to an instruction made through
the remote controller 4, the heating operation does not start if the indoor temperature is higher than the indoor setting
temperature by at least a predetermined temperature Tb.

[0045] In addition to the above, during the operation in the radiation 1 operation mode, when the indoor temperature
detected by the indoor temperature sensor 24 becomes equal to or higher than the indoor setting temperature while the
radiation heating operation is being conducted, the operation mode controller 51 switches the radiation heating operation
to the radiation breeze heating operation, and when the indoor temperature becomes lower than the indoor setting
temperature by at least a predetermined temperature Ta while the radiation breeze heating operation is being conducted,
the operation mode controller 51 switches the radiation breeze heating operation to the radiation heating operation.
Furthermore, when the indoor temperature becomes higher than the indoor setting temperature by at least a predeter-
mined temperature Tb while the heating operation is being conducted, the operation mode controller 51 automatically
stops the operation (thermostatic turn off), and then re-starts the operation when the indoor temperature is lowered to
the indoor setting temperature (thermostatic turn on).

(Indoor Motor-Operated Valve Controller 52)

[0046] The indoor motor-operated valve controller 52 controls the opening degree of the indoor motor-operated valve
23. As shown in Table 2, in the cooling operation or the warm-air heating operation, the indoor motor-operated valve
controller 52 closes the indoor motor-operated valve 23. Table 2 shows the control states of the indoor motor-operated
valve 23, the indoor fan 21, and the compressor 30 in each operation mode.

[0047]
[Table 2]
OPENING DEGREE OF INDOOR | NUMBER OF REVOLUTION FREQUENCY OF
MOTOR-OPERATED VALVE OF INDOOR FAN COMPRESSOR
CONTROL IN ACCORDANGE
COOLING OPERATION FULLY CLOSED AUTOMATIC (LOW-HIGH) | Wit INDOOR TEMPERATURE
/FIXED (HIGH/LOW) (LOW-HIGH)
CONTROL IN ACCORDANGE
WARM-AIR HEATING AUTOMATIC (LOW-HIGH)
OPERATION FULLY GLOSED JFIXED (HIGH/Low) | MITH IND(?%MEI%)ERATURE
RADIATION HEATING | CONTROL BASED ON RADIATION ) UPPER LIMIT CONTROL
OPERATION PANEL TEMPERATURE | "UTOMATIC (LOW-HIGH) (MAXIMUMD)
RADIATION BREEZE | CONTROL BASED ON RADIATION | FixeD (MINIMOME UPPER LIMIT CONTROL
HEATING OPERATION| ~ PANEL TEMPERATURE (MAXIMUM)

[0048] As shown in Table 2, in the radiation heating operation or the radiation breeze heating operation, the indoor
motor-operated valve controller 52 controls the opening degree of the indoor motor-operated valve 23 based on the
temperature of the radiation panel 22. More specifically, based on an average of the temperatures detected by the panel
incoming temperature sensor 25 and the panel outgoing temperature sensor 26, the surface temperature (predicted
value) of the radiation panel 22 is figured out, and the opening degree of the indoor motor-operated valve 23 is controlled
so that the predicted value of the surface temperature of the radiation panel 22 (hereinafter, this will be simply referred
to as radiation panel temperature) falls within a panel target temperature range (e.g., 50 to 55 degrees Celsius). The
indoor motor-operated valve controller 52 controls the opening degree of the indoor motor-operated valve 23 such that
the flow rate of the refrigerant supplied to the radiation panel 22 is increased in proportion to the degree of to what extent
the radiation panel temperature is lower than the panel target temperature range. However, until a predetermined time
t1 elapses from the start of the operation (which is either the start of the operation in response to an instruction made
through the remote controller 4 or the start of the operation due to the thermostatic turn on), the indoor motor-operated
valve controller 52 keeps the opening degree of the indoor motor-operated valve 23 at an initial opening degree. While
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in the present embodiment both of the temperatures detected by the panel incoming temperature sensor 25 and the
panel outgoing temperature sensor 26 are used to figure out the radiation panel temperature, only the temperature
detected by the panel incoming temperature sensor 25 may be used or only the temperature detected by the panel
outgoing temperature sensor 26 may be used.

(Indoor Fan Controller 53)

[0049] The indoor fan controller 53 controls the number of revolution of the indoor fan 21. Fan taps selected in the air-
quantity automatic operation, in the radiation heating operation, and in the radiation breeze heating operation in the
warm-air heating operation and the numbers of revolution corresponding to the respective fan taps are shown in Table 3.
[0050]

[Table 3]
NUMBER OF
FANTAP | ReVOLUTION
v Al af
WARM-AIR HEATING  [A2 a2
OPERATION e 3
(AUTOMATIC AIR QUANTITY) a
A ad
AD ab
B1 b1
B2 b2
B3 b3
RADIATION HEATING
OPERATION B4 b4
B5 b5
B6 b6
B7 b7
RADIATION BREEZE | o 1
HEATING OPERATION ¢
¥eol<ab<ad<al<a2<al

#e1<b7<b6<b4<b3<h2< b1

[0051] In the air-quantity automatic operation in the warm-air heating operation, the indoor fan controller 53 selects
one of five stages of fan taps A1 to A5 shown in Table 3 based on the indoor temperature detected by the indoor
temperature sensor 24, the indoor setting temperature, or the like, and controls the number of revolution of the indoor
fan 21 to be equal to the number of revolution (a1 to a5) corresponding to the selected fan tap. Furthermore, when in
the warm-air heating operation the air quantity setting is set at "strong" or "weak", the fan tap associated with each
setting in advance is selected.

[0052] In addition to the above, in the air-quantity automatic operation in the cooling operation, the indoor fan controller
53 selects one of predetermined fan taps based on the indoor temperature detected by the indoor temperature sensor
24, the indoor setting temperature, or the like, and controls the number of revolution of the indoor fan 21 to be equal to
the number of revolution corresponding to the selected fan tap. When in the cooling operation the air quantity setting is
set at "strong" or "weak", the fan tap associated with each setting in advance is selected.

[0053] In the radiation heating operation, the indoor fan controller 53 selects one of seven stages of fan taps B1 to B7
shown in Table 3 based on the indoor temperature detected by the indoor temperature sensor 24, the indoor setting
temperature, or the like, and controls the number of revolution of the indoor fan 21 to be equal to the number of revolution
(b1 to b7) corresponding to the selected fan tap.

[0054] In addition to the above, in the radiation breeze heating operation, the indoor fan controller 53 controls the
number of revolution of the indoor fan 21 to be identical with the number of revolution c1 corresponding to the fan tap
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C1 shown in Table 3. The number of revolution c1 is smaller than the numbers of revolutions a1 to a5 in the warm-air
heating operation and the numbers of revolution b1 to b7 in the radiation heating operation. The number of revolution
c1 is a number with which the revolution of the indoor fan 21 is hardly accompanied with sound and the user is hardly
given the feeling of a draft.

(Compressor Controller 54)

[0055] The compressor controller 54 controls the operation frequency of the compressor 30.

In the warm-air heating operation and the cooling operation, the frequency of the compressor 30 is controlled based on
the indoortemperature, the indoor setting temperature, or the like. More specifically, the compressor controller 54 controls
the compressor 30 so that the frequency of the compressor 30 is increased as the difference between the indoor
temperature and the indoor setting temperature is widened.

[0056] In the radiation heating operation and the radiation breeze heating operation, the compressor controller 54
controls the compressor 30 so that the heat exchanger temperature detected by the indoor heat exchanger temperature
sensor 27 is substantially equal to the maximum temperature corresponding to the maximum pressure in the refrigerant
circuit. (This control will be referred to as upper limit control). More specifically, the frequency of the compressor 30 is
controlled so that, even if the indoor temperature and the indoor setting temperature indicate that the heat exchanger
temperature detected by the indoor heat exchanger temperature sensor 27 must be controlled to be higher than the
maximum temperature, the heat exchanger temperature is controlled to be close to the maximum temperature without
exceeding the maximum temperature.

(Outdoor Motor-Operated Valve Controller 55)

[0057] The outdoor motor-operated valve controller 55 controls the opening degree of the outdoor motor-operated
valve 34 based on the indoor temperature, the indoor setting temperature, or the like.

<Operation of Air Conditioner 1>

[0058] Now, the operation of the air conditioner 1 in each heating operation mode will be described. The radiation 1
operation mode and the radiation 2 operation mode will be described with reference to the graphs in FIG. 4 and FIG. 5.
In the graphs in FIG. 4 and FIG. 5, the horizontal axis indicates time whereas the vertical axes indicate the indoor
temperature, the number of revolution of the indoor fan 21, the operation frequency of the compressor 30, the radiation
panel temperature, and the opening degree of the indoor motor-operated valve 23, respectively.

(Operation in Warm-Air Heating Operation Mode)

[0059] When "automatic air quantity" is selected as the air quantity setting at the same time as an instruction to start
the operation in the warm-air heating operation mode is made through the remote controller 4, the indoor fan controller
53 controls the number of revolution of the indoor fan 21 to be equal to the number of revolution corresponding to one
of the fan taps A1 to A5, based on the indoor temperature. Furthermore, the compressor controller 54 controls the
compressor 30 so that the operation frequency increases as the difference between the indoor temperature and the
indoor setting temperature is widened. In the meanwhile, the indoor motor-operated valve 23 is closed.

[0060] In addition to the above, when "strong" or "weak" is selected as the air quantity setting at the same time as an
instruction to start the operation in the warm-air heating operation mode is made through the remote controller 4, the
indoor motor-operated valve 23 and the compressor 30 are controlled in the same manner as in the case of the selection
of the "automatic air quantity”, and the number of revolution of the indoor fan 21 is controlled by the indoor fan controller
53 to be equal to the number of revolution corresponding to a predetermined fan tap.

(Operation in Radiation 1 Operation Mode)

[0061] AsshowninFIG. 4, when an instruction to start the operation in the radiation 1 operation mode is made through
the remote controller 4, the radiation heating operation starts if the indoor temperature at the start of the operation is
lower than the indoor setting temperature. In this case, the indoor fan controller 53 controls the number of revolution of
the indoor fan 21 to be equal to the number of revolution corresponding to one of fan taps B1 to B7, based on the indoor
temperature and the indoor setting temperature. Furthermore, the compressor controller 54 controls the compressor 30
so that the heat exchanger temperature detected by the indoor heat exchanger temperature sensor 27 is substantially
equal to the maximum temperature (upper limit control). Furthermore, the indoor motor-operated valve controller 52
controls the indoor motor-operated valve 23 such that the opening degree of the valve is maintained at an initial opening
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degree until a predetermined time t1 elapses from the start of the operation, and the opening degree is adjusted to keep
the radiation panel temperature to fall within the panel target temperature range after the predetermined time t1 elapses
from the start of the operation. While in FIG. 4 the initial opening degree of the indoor motor-operated valve 23 is smaller
than the maximum opening degree, the initial opening degree may be equal to the maximum opening degree.

[0062] When the indoor temperature reaches the indoor setting temperature during the radiation heating operation,
the radiation heating operation is switched to the radiation breeze heating operation. As such, the indoor fan controller
53 controls the number of revolution of the indoor fan 21 to be equal to the number of revolution ¢1 corresponding to
the fan tap C1. Furthermore, the indoor motor-operated valve controller 52 and the compressor controller 54 control the
indoor motor-operated valve 23 and the compressor 30 in the same manner as the state before the switching to the
radiation breeze heating.

[0063] When the indoor temperature is further increased to be higher than the indoor setting temperature by at least
a predetermined temperature Tb, the operation is automatically stopped (thermostatic turn off). With this, the indoor fan
21 and the compressor 30 are stopped and the indoor motor-operated valve 23 is switched to the fully closed state.
Thereafter, when the indoor temperature is decreased to the indoor setting temperature, the operation starts again
(thermostatic turn on). In FIG. 4, because the indoor temperature at the time of the thermostatic turn on is equal to or
higher than the indoor setting temperature, the radiation breeze heating operation starts and the indoor motor-operated
valve 23, the indoor fan 21, and the compressor 30 are controlled in the same manner as the state before the thermostatic
turn off.

[0064] When the indoor temperature becomes lower than the indoor setting temperature by at least a predetermined
temperature Ta during the radiation breeze heating operation, the radiation breeze heating operation is switched to the
radiation heating operation, and the indoor motor-operated valve 23, the indoor fan 21, and the compressor 30 are
controlled in the same manner as the above-described state in the radiation heating operation.

(Operation in Radiation 2 Operation Mode)

[0065] As shown in FIG. 5, the radiation breeze heating operation starts when an instruction to start the operation in
the radiation 2 operation mode is made through the remote controller 4. The indoor fan controller 53 controls the number
of revolution of the indoor fan 21 to be equal to the number of revolution ¢1 corresponding to the fan tap C1. Furthermore,
the compressor controller 54 controls the compressor 30 so that the heat exchanger temperature detected by the indoor
heat exchanger temperature sensor 27 is substantially equal to the maximum temperature (i.e., conducts upper limit
control). Furthermore, the indoor motor-operated valve controller 52 controls the indoor motor-operated valve 23 so that
the opening degree thereof is maintained at the initial opening degree until a predetermined time t1 elapses from the
start of the operation, and the opening degree is controlled to keep the radiation panel temperature to fall within the
panel target temperature range after the predetermined time t1 elapses from the start of the operation.

(Defrosting Operation)

[0066] In addition to the above, to remove the frost adhering to the outdoor heat exchanger 32 during the operation
in the heating operation mode, the air conditioner 1 switches the four-way valve 31 to the state indicated by the broken
lines in FIG. 1 and FIG. 2 in order to switch the heating operation to a defrosting operation. In the air conditioner 1 of
the present embodiment, the indoor motor-operated valve 23 is closed when the defrosting operation is executed. As
the low-temperature refrigerant does not flow into the radiation panel 22, the temperature decrease in the radiation panel
22 is restrained. For this reason, when the heating operation starts again, the temperature of the radiation panel 22 is
swiftly changed to fall within the panel target temperature range.

[0067] The indoor motor-operated valve 23 is not necessarily controlled as above in the defrosting operation. The
opening degree of the indoor motor-operated valve 23 may be maintained at a predetermined opening degree until the
radiation panel temperature becomes equal to a predetermined temperature, and the indoor motor-operated valve 23
may be switched to the closed state when the radiation panel temperature is decreased to the predetermined temperature.
In such a case, even if the temperature of the radiation panel 22 is decreased to some degree as the low-temperature
refrigerant flows into the radiation panel 22, the frost on the outdoor heat exchanger 32 is removed rapidly as compared
to the case above because the high-temperature refrigerant in the radiation panel 22 is used for the defrosting of the
outdoor heat exchanger 32. Furthermore, it is possible to prevent frost from attaching to the radiation panel 22 during
the defrosting operation.

<Features of Air Conditioner 1>

[0068] The above-described air conditioner 1 of the present embodiment is able to conduct warm-air heating while
hardly giving the user the feeling of a draft, because the air quantity generated by the indoor fan 21 is reduced in the

10



10

15

20

25

30

35

40

45

50

55

EP 2 631 550 A1

radiation breeze heating operation. Furthermore, since the amount of heat exchange by the indoor heat exchanger 20
is large as the indoor fan 21 is not stopped, it is possible to prevent the pressure in the refrigerant circuit from becoming
excessively high. The number of revolution of the compressor 30 of the outdoor unit 3 is therefore increased and hence
the heating capability is improved, as compared to the case where the indoor fan 21 is stopped and only the radiation
heating is conducted.

[0069] In the air conditioner 1 of the present embodiment, the switching between the radiation heating operation and
the radiation breeze heating operation is conducted in accordance with the indoor temperature, in such a way that the
radiation heating operation is conducted when the indoor temperature is low whereas the radiation breeze heating
operation is conducted when the indoor temperature is high. This makes it possible to swiftly increase the indoor tem-
perature when the indoor temperature is low, and to automatically switch the operation to heating that hardly gives the
user the feeling of a draft when the indoor temperature becomes high.

[0070] In addition to the above, in the present embodiment, at the start of the operation in the radiation 1 operation
mode, the radiation heating operation is conducted if the indoor temperature is lower than the indoor setting temperature,
and when the indoor temperature becomes equal to or higher than the indoor setting temperature, the operation is
switched to the radiation breeze heating operation. This makes it possible to swiftly increase the indoor temperature to
the indoor setting temperature.

[0071] In addition to the above, in the present embodiment, when the indoor temperature is lower than the indoor
setting temperature by at least a predetermined temperature Ta during the radiation breeze heating operation in the
radiation 1 operation mode, the radiation breeze heating operation is switched to the radiation heating operation. With
this, the radiation breeze heating operation is continued with less switching of the operation when the indoor temperature
is lower than the indoor setting temperature, as compared to the case of the switching from the radiation breeze heating
operation to the radiation heating operation.

[0072] In the air conditioner 1 of the present embodiment, the compressor 30 is controlled so that the pressure in the
refrigerant circuit is substantially equal to the maximum pressure in the radiation heating operation or the radiation breeze
heating operation. The heating capability is therefore improved. Furthermore, in the present embodiment the compressor
30 is controlled so that the heat exchange temperature detected by the temperature sensor 27 is substantially equal to
the maximum temperature. Therefore the pressure in the refrigerant circuit is controlled to be substantially equal to the
maximum pressure.

[0073] The air conditioner 1 of the present embodiment is arranged so that the radiation panel 22 and the indoor motor-
operated valve 23 are in parallel to the indoor heat exchanger 20. It is therefore possible to conduct switching between
(i) the warm-air heating operation in which only the warm-air heating is conducted without supplying the refrigerant to
the radiation panel 22 and (ii) the radiation heating operation or the radiation breeze heating operation in which the
refrigerant is supplied to the radiation panel 22, only by opening or closing the indoor motor-operated valve 23.

[0074] In addition to the above, in the air conditioner 1 of the present embodiment, the number of fan taps (B1 to B7)
in the radiation heating operation is larger than the number of fan taps (A1 to A5) in the warm-air heating operation. In
other words, in the radiation heating operation, the number of revolution of the indoor fan 21 is changed with a larger
number of stages than in the warm-air heating operation. As the number of revolution of the indoor fan 21 is changed
with a larger number of stages in the radiation heating operation, the sound accompanied with the rotation of the indoor
fan 21 when the radiation heating operation is switched to the radiation breeze heating operation is restrained.

[0075] While the embodiment of the present invention has been described based on the figures, the scope of the
invention is not limited to the above-described embodiment. The scope of the presentinvention is defined by the appended
claims rather than the foregoing description of the embodiment, and various changes and modifications can be made
herein without departing from the scope of the invention.

[0076] While in the embodiment above the radiation breeze heating operation is switched to the radiation heating
operation when the indoor temperature becomes lower than the indoor setting temperature by at least the predetermined
temperature Tb during the radiation breeze heating operation in the radiation 1 operation mode, the switching from the
radiation breeze heating operation to the radiation heating operation may be conducted when the indoor temperature
becomes lower than the indoor setting temperature.

[0077] While in the embodiment above the number of revolution of the indoor fan 21 in the radiation breeze heating
operation is maintained to be equal to the number of revolution ¢1 which is set in advance, the number of revolution of
the indoor fan 21 may be varied on condition that the number of revolution remains to be smaller than the number during
the radiation heating operation.

[0078] While in the embodiment above the heating operation is selected from the warm-air heating operation, the
radiation heating operation, and the radiation breeze heating operation and the indoor air quantity in the radiation breeze
heating operation is smaller than the indoor air quantity in the warm-air heating operation and than the indoor air quantity
in the radiation heating operation, the disclosure is not limited to this arrangement.

The minimum requirement is that the heating operation is selected from the radiation heating operation and the radiation
breeze heating operation and the indoor air quantity in the radiation breeze heating operation is smaller than the indoor
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air quantity in the radiation heating operation. While in the embodiment above not only the radiation 1 operation mode
and the radiation 2 heating operation mode but also other operation modes are selectable as the operation mode, the
other operation modes may not be selectable. Therefore the cooling operation mode and the warm-air heating operation
mode may not be selectable as the operation mode, for example.

[0079] In addition to the above, the minimum requirement is that the heating operation is selectable from the warm-
air heating operation and the radiation breeze heating operation and the indoor air quantity in the radiation breeze heating
operation is smaller than the indoor air quantity in the warm-air heating operation. While in the embodiment above not
only the warm-air heating operation mode and the radiation 2 operation mode but also other operation modes are
selectable as the operation mode, the other operation modes may not be selectable. Therefore the cooling operation
mode and the radiation 1 operation mode may not be selectable as the operation mode, for example.

[Industrial Applicability]

[0080] The presentinvention makes it possible to improve the heating capability while hardly giving the user the feeling
of a draft.

[Reference Signs List]
[0081]

1 AIR CONDITIONER

2 INDOOR UNIT

3 OUTDOOR UNIT

4 REMOTE CONTROLLER

20 INDOOR HEAT EXCHANGER (HEAT EXCHANGER)

21 INDOOR FAN (FAN)

22 RADIATION PANEL

23 INDOOR MOTOR-OPERATED VALVE (VALVE STRUCTURE)
24 INDOOR TEMPERATURE SENSOR

27 TEMPERATURE SENSOR (HEAT EXCHANGER TEMPERATURE SENSOR)
30 COMPRESSOR

50 STORAGE (STORAGE UNIT)

51 OPERATION MODE CONTROLLER (SWITCHING UNIT)

52 INDOOR MOTOR-OPERATED VALVE CONTROLLER

53 INDOOR FAN CONTROLLER

54 COMPRESSOR CONTROLLER (CONTROL UNIT)

Claims

1. Anair conditioner comprising an indoor unit and an outdoor unit connected to the indoor unit via a refrigerant circuit,
the indoor unit including a heat exchanger and a radiation panel each having a conduit constituting a part of the
refrigerant circuit and a fan provided in the vicinity of the heat exchanger, the air conditioner being capable of
executing: a radiation heating operation in which warm-air heating is conducted by supplying refrigerant to the heat
exchanger and radiation heating is conducted by supplying the refrigerant to the radiation panel; and
a radiation breeze heating operation in which warm-air heating is conducted by supplying the refrigerant to the heat
exchanger,
radiation heating is conducted by supplying the refrigerant to the radiation panel, and radiation breeze heating in
which an air quantity generated by the fan is smallerthan an air quantity in the radiation heating operation is conducted.

2. The air conditioner according to claim 1, further comprising:

an indoor temperature sensor configured to detect a temperature in a room in which the indoor unit is provided;
and

a switching unit configured to conduct switching between the radiation heating operation and the radiation
breeze heating operation based on the indoor temperature detected by the indoor temperature sensor.

3. The air conditioner according to claim 1 or 2, further comprising:
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a compressor provided in the outdoor unit;

a control unit configured to control the compressor; and

a storage unit configured to store an upper limit regarding a pressure in the heat exchanger,

when at least one of the radiation heating operation and the radiation breeze heating operation is being con-
ducted,

the control unit controlling the compressor so that the pressure in the heat exchanger is substantially identical
with a pressure corresponding to the upper limit.

4. The air conditioner according to claim 3, further comprising:

a heat exchanger temperature sensor provided in the heat exchanger,

the storage unit storing the maximum temperature of the heat exchanger temperature in the heat exchanger
as the upper limit regarding the pressure in the heat exchanger, and

when at least one of the radiation heating operation and the radiation breeze heating operation is being con-
ducted,

the control unit controls the compressor so that the heat exchanger temperature detected by the heat exchanger
temperature sensor is substantially equal to the maximum temperature.

An air conditioner comprising an indoor unit and an outdoor unit connected to the indoor unit via a refrigerant circuit,
the indoor unit including a heat exchanger and a radiation panel each having a conduit constituting a part of the
refrigerant circuit and a fan provided in the vicinity of the heat exchanger,

the air conditioner being capable of executing: a warm-air heating operation in which warm-air heating is conducted
by supplying refrigerant not to the radiation panel but to the heat exchanger; and

a radiation breeze heating operation in which warm-air heating is conducted by supplying the refrigerant to the heat
exchanger, radiation heating is conducted by supplying the refrigerant to the radiation panel, and radiation breeze
heating in which an air quantity generated by the fan is smaller than an air quantity in the warm-air heating operation
is conducted.

The air conditioner according to claim 5, further comprising: a compressor provided in the outdoor unit;

a control unit configured to control the compressor; and

a storage unit configured to store an upper limit regarding a pressure in the heat exchanger,

when the radiation breeze heating operation is being conducted, the control unit controlling the compressor so that
the pressure in the heat exchanger is substantially equal to a pressure corresponding to the upper limit.

The air conditioner according to claim 6, further comprising:

a heat exchanger temperature sensor provided in the heat exchanger,

the storage unit storing the maximum temperature of the heat exchanger temperature in the heat exchanger
as the upper limit regarding the pressure in the heat exchanger, and

when the radiation breeze heating operation is being conducted, the control unit controlling the compressor so
that the heat exchanger temperature detected by the heat exchanger temperature sensor is substantially equal
to the maximum temperature.

8. The air conditioner according to any one of claims 1 to 7, further comprising:

a valve structure configured to adjust an amount of the refrigerant supplied to the radiation panel, and
in the refrigerant circuit, the radiation panel and the valve structure being provided to be in parallel to the heat
exchanger.
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does not have a special technical feature since it is not considered
tobenovel overtheinventiondisclosedindocumentl. Thus, thefollowing
two invention groups are contained in the claims.

Note that theinventioninclaimlwhichdoesnothaveaspecial technical
feature is classified as invention 1.

(Inventionl) Claims 1-4, 8: Anair conditioner providedwith an indoor
unit, and an outdoor unit connected to the indoor unit via a refrigerant
circuit, the indoor unit comprising a heat exchanger and a radiant panel
respectively having some of pipes constituting the refrigerant circuit,
and a fan disposed near the heat exchanger, the air conditioner capable
of radiant breeze heating operation inwhichwarmair heating is performed
by passing a refrigerant through the heat exchanger, radiant heating
is performed by passing the refrigerant through the radiant panel, and
radiant breeze heating having a smaller quantity of air generated by
the fan than in radiant heating operation is performed, and capable of
the radiant heating operation in which the warm air heating is performed
by passing the refrigerant through the heat exchanger and the radiant
heatingisperformedbypassingthe refrigerant through the radiant panel.

(Invention 2) Claims 5-7: An air conditioner provided with an indoor
unit, and an outdoor unit connected to the indoor unit via a refrigerant
circuit, the indoor unit comprising a heat exchanger and a radiant panel
respectively having some of pipes constituting the refrigerant circuit,
and a fan disposed near the heat exchanger, the air conditioner capable
of radiant breeze heatingoperation inwhichwarmair heating is performed
by passing a refrigerant through the heat exchanger, radiant heating
is performed by passing the refrigerant through the radiant panel, and
radiant breeze heating having a smaller quantity of air generated by
the fan than in radiant heating operation is performed, and capable of
warm air heating operation in which the warm air heating is performed
by passing the refrigerant through the heat exchanger without passing
the refrigerant through the radiant panel.
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