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(54) AIR CONDITIONING APPARATUS

(57) The present invention provides an air condition-
er for achieving comfortable room environment after ac-
tivation of the air conditioner at an earliest possible stage.
An air conditioner (1) of the present invention is an air
conditioner configured to execute automatic control of an
energy-saving operation. The air conditioner (1) includes
a determining unit (8c) and a regulating unit (8d). The
determining unit (8c) is configured to determine whether
or not indoor temperature and indoor humidity respec-
tively reach target temperature and target humidity, both
of which are target values for achieving comfortableness.
The regulating unit (8d) is configured to execute a first
regulation processing and/or a second regulation
processing. In the first regulation processing, the target
temperature is regulated to be regulated target temper-
ature roughly equal to the target temperature based on
a relation between the indoor humidity and the target
humidity. In the second regulation processing, the target
humidity is regulated to be regulated target humidity
roughly equal to the target humidity based on a relation
between the indoor temperature and the target temper-
ature.
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Description
TECHNICAL FIELD

[0001] The present invention generally relates to air
conditioners.

BACKGROUND ART

[0002] Air conditioners, configured to control room
conditions (e.g., temperature and humidity), have been
produced for maintaining more comfortable indoor air-
conditioning environment (see e.g., Patent Document 1).

<Patent Document 1>

[0003] Japan Laid-open Patent Application Publica-
tion No. JP-A-H04-320750

DISCLOSURE OF THE INVENTION
<Technical Problem>

[0004] When the foregoing air conditioners are used
for achieving desired air-conditioning environment in-
cluding desired temperature and humidity, it is difficult to
reach both temperature and humidity to predetermined
target values immediately after activation of the air con-
ditioners, which takes considerable time for users to feel
comfortableness in the rooms.

[0005] In view of the above, an object of the present
invention is to provide an air conditioner for achieving
physical comfortableness of a user based on both tem-
perature and humidity at an earliest possible stage.

<Solution to Problem>

[0006] An air conditioner according to a first aspect of
the present invention is configured to execute automatic
control of an encrgy-saving operation. The air conditioner
includes a determining unit and a regulating unit. The
determining unit is configured to determine whether or
not indoor temperature reaches target temperature and
whether or not indoor humidity reaches target humidity.
The target temperature and the target humidity are target
values for achieving comfortableness. The regulating
unit is configured to execute a first regulation processing
and/or a second regulation processing. In the first regu-
lation processing, the target temperature is regulated to
be regulated target temperature roughly equal to the tar-
get temperature based on a relation between the indoor
humidity and the target humidity. In the second regulation
processing the target humidity is regulated to be regulat-
ed target humidity roughly equal to the target humidity
based on arelation between the indoor temperature and
the target temperature.

[0007] According to the air conditioner of the first as-
pect of the present invention, the target temperature is
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regulated to be the regulated target temperature roughly
equal to the target temperature when the indoor humidity
does not reach the target humidity. On the other hand,
the target humidity is regulated to be the regulated target
humidity roughly equal to the target humidity when the
indoor temperature does not reach the target tempera-
ture. The following is an example case for "regulation of
the targettemperature to be regulated targettemperature
roughly equal to the target temperature”. When the target
temperature is assumed to be 22.0 degrees Celsius, the
target temperature is regulated to be temperature of
roughly 22.0 degrees Celsius (e.g., 21.0 degrees Celsius
or 23.0 degrees Celsius). Similarly, the following is an
example case for "regulation of the target humidity to be
regulated target humidity roughly equal to the target hu-
midity". When the target humidity is assumed to be 50%,
the target humidity is regulated to be humidity of roughly
50% (e.g., 45% or 55%).

[0008] The foregoing configuration makes it possible
to achieve physical comfortableness based on both tem-
perature and humidity at earliest possible stage even
when temperature does not reach the target temperature
or humidity does not reach the target humidity.

[0009] Anairconditioner according to a second aspect
of the present invention is the air conditioner according
to the first aspect of the present invention, wherein, when
one of the indoor temperature and the indoor humidity
reaches its target value (i.e., the target temperature or
the target humidity) but the other of the indoor tempera-
ture and the indoor humidity does not reach its target
value (i.e., the target temperature of the target humidity),
the regulating unit of the air conditioner is configured to
temporarily set one of the indoor temperature and the
indoor humidity, reaching the target value (i.e., the target
temperature or the target humidity), to be an excessive
target value as a value exceeding the target value.
[0010] According to the air conditioner of the second
aspect of the present invention, when one of the indoor
temperature and the indoor humidity reaches the target
value (i.e., the target temperature or the target humidity)
and the other of the indoor temperature and the indoor
humidity does not reach the target value (i.e., the target
temperature or the target humidity), one of the indoor
temperature and the indoor humidity, reaching the target
value (i.e., the target temperature or the target humidity),
is temporarily set to be the excessive target value. For
example, when the indoor temperature reaches the tar-
get indoor temperature but the indoor humidity does not
reach the target humidity, setting of the target tempera-
ture is temporarily changed to be a value exceeding the
target indoor temperature. On the other hand, when the
indoor humidity reaches the target humidity but the indoor
temperature does not reach the target temperature, set-
ting of the target humidity is temporarily changed to be
a value exceeding the target humidity.

[0011] Accordingly, itis possible to achieve comforta-
ble room environment in consideration of either temper-
ature or humidity that does not reach the target value.
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[0012] An air conditioner according to a third aspect of
the present invention is the air conditioner according to
the second aspect of the present invention, wherein the
regulating unit is configured to set the target temperature
to be excessive temperature when the indoor humidity
does not reach the target humidity in the first regulation
processing. Subsequently, the regulating unit is config-
ured to return the excessive temperature to the previous
target temperature when the indoor humidity reaches the
target humidity. The excessive temperature herein refers
to a target value exceeding the target temperature.
[0013] According to the air conditioner of the third as-
pect of the present invention, the indoor temperature is
set to be the excessive temperature exceeding the target
temperature when humidity does not reach the target hu-
midity. Subsequently, the excessive temperature is re-
turned to the previous target temperature when indoor
humidity reaches the target humidity.

[0014] Accordingly, setting of the target temperature
is returned to the original setting when the indoor humidity
reaches the target humidity. Therefore, it is possible to
achieve an energy-saving effect.

[0015] An air conditioner according to a fourth aspect
of the present invention is the air conditioner according
to one of the first to third aspects of the present invention,
wherein the energy-saving operation includes plural op-
eration modes. The target humidity and the target tem-
perature are determined based on a selected one of the
operation modes.

[0016] The air conditioner of the fourth aspect of the
present invention is controlled with the target tempera-
ture and the target humidity depending on a selected one
of the operation modes.

[0017] Accordingly, it is possible to achieve comforta-
ble air-conditioning environment in each of the operation
modes.

[0018] An air conditioner according to a fifth aspect of
the present invention is the air conditioner according to
one of the first to fourth aspects of the present invention
further including an indoor humidity detecting unit. The
indoor humidity detecting unit is configured to detect in-
door humidity.

[0019] According to the air conditioner of the fifth as-
pect of the present invention, comparison is made be-
tween humidity detected by the indoor humidity detecting
unit and the target humidity. In this case, the indoor hu-
midity detecting unit is, for instance, a humidity sensor
or a unit configured to estimate humidity based on tem-
perature of an indoor heat exchanger.

[0020] Accordingly, it is possible to achieve comforta-
ble air-conditioning environment by regulating humidity
based on the detected humidity.

[0021] An air conditioner according to a sixth aspect
of the present invention is the air conditioner according
to one of the first to fourth aspects of the presentinvention
furtherincluding a compressor, an outdoor heat exchang-
er, an indoor heat exchanger, a temperature detecting
unit, and an estimating unit. The temperature detecting
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unitis configured to detect temperature of the indoor heat
exchanger. The estimating unit is configured to estimate
indoor humidity. Specifically, the estimating unit is con-
figured to estimate indoor humidity based on temperature
oftheindoor heat exchanger detected by the temperature
detecting unit when either a cooling operation mode or
a dehumidifying operation mode is selected.

[0022] According to the air conditioner of the sixth as-
pect of the present invention, comparison is made be-
tween humidity estimated based on temperature of the
indoor heat exchanger and the target humidity.

[0023] Accordingly, itis possible to achieve comforta-
ble air-conditioning environment in consideration of hu-
midity even if the air conditioner is not provided with a
humidity sensor.

<Advantageous Effects of Invention>

[0024] According to the air conditioner of the first as-
pect of the present invention, it is possible to achieve
physical comfortableness based on both temperature
and indoor humidity, at earliest possible stage, even
when temperature does not reach the target temperature
or indoor humidity does not reach the target humidity.
[0025] According to the air conditioner of the second
aspect of the present invention, it is possible to achieve
comfortable room environment in consideration of either
the indoor temperature or the indoor humidity that does
not reach the target value.

[0026] According to the air conditioner of the third as-
pect of the present invention, it is possible to achieve an
energy-saving effect because setting of the target tem-
peratureis returned to the original setting when the indoor
humidity reaches the target humidity.

[0027] According to the air conditioner of the fourth as-
pect of the present invention, it is possible to achieve
comfortable air-conditioning environment in each of the
operation modes.

[0028] According to the air conditioner of the fifth as-
pect of the present invention, it is possible to achieve
comfortable air-conditioning environment by regulating
the indoor humidity based on the detected humidity.
[0029] According to the air conditioner of the sixth as-
pect of the present invention, it is possible to achieve
comfortable air-conditioning environment in considera-
tion of indoor humidity even if the air conditioner is not
provided with a humidity sensor.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030]

FIG. 1 is an external view of an entire air conditioner
according to an exemplary embodiment.

FIG.2 is a diagram for illustrating configuration of a
refrigerant circuit formed by an indoor unit and an
outdoor air-conditioning unit, configuration of a hu-
midity unit, and airflow, according to the exemplary
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embodiment of the present invention.

FIG.3 is a control block diagram of the air conditioner
according to the exemplary embodiment of the
present invention.

FIG.4 is a chart for showing mode determination to
be executed while an energy-saving automatic op-
eration mode is selected.

FIG.5A is a chart for showing a relation between hu-
midity and temperature during a heating operation.
FIG.5B is a chart for showing a relation between hu-
midity and temperature during a cooling/dehumidi-
fying operation.

FIG.6Ais aflowchart for showing a series of process-
ing steps to be executed during a heating operation
in the energy saving automatic operation mode.
FIG.6B is aflowchart for showing a series of process-
ing steps to be executed during a cooling operation
in the energy saving automatic operation mode.

EXPLANATION OF THE REFERENCE NUMERALS

1 Air conditioner

2 Indoor unit

3 Outdoor unit

4 Humidifier unit

5 Outdoor air-conditioning unit
6 Air supply duct

31,32  Refrigerant pipe

BEST MODE FOR CARRYING OUT THE INVENTION
(I) Schematic Configuration of Air Conditioner 1

[0032] FIG. 1 illustrates an external view of an air con-
ditioner 1 according to an exemplary embodiment of the
present invention. The air conditioner 1 is mainly com-
posed of an indoor unit 2 and an outdoor unit 3. The
indoor unit 2 is attached to a wall of a room. The outdoor
unit 3 is installed outside of the room. The indoor unit 2
and the outdoor unit 3 send/receive a signal through a
communication line exclusively for the signal transmis-
sion.

[0033] The outdoor unit 3 is composed of an outdoor
air-conditioning unit 5 and a humidifier unit 4. The outdoor
air-conditioning unit 5 is connected to the indoor unit 2
through refrigerant pipes 31, 32. The outdoor air-condi-
tioning unit 5 and the indoor unit 2 form a refrigerant circuit
to be described. The humidifier unit 4 is connected to the
indoor unit 2 through an air supply duct 6. Outdoor air,
inhaled by the humidifier unit4, is transferred to the indoor
unit 2 through the air supply duct 6.

[0034] The air conditioner 1 is provided with various
operation modes such as a cooling operation mode, a
heating operation mode, a dehumidifying operation
mode, and an energy-saving automatic operation mode.
The air conditioner 1 is configured to execute the forgoing
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modes for producing comfortable room environment in
response to a request from a user. In the present exem-
plary embodiment, the energy-saving automatic opera-
tion mode refers to a mode that various conditions, in-
cluding e.g., target temperature, target humidity, air di-
rections, and air flow amount, are preliminarily set for
fully achieving comfortableness and for executing a con-
trol with good energy-saving efficacy. In the energy-sav-
ing automatic operation mode, the air conditioner 1 is
configured to be controlled based on the conditions (e.g.,
the target temperature and the target humidity) prelimi-
narily set for cooling and heating periods separately. Spe-
cifically, a dehumidifying operation or a cooling operation
(dehumidifying cooling operation) is configured to be ex-
ecuted in the cooling period, whereas a heating operation
(i.e., humidifying heating operation) is configured to be
executed in the heating period.

(1-1) Indoor Unit 2 and Outdoor Air-Conditioning Unit 5

[0035] FIG.2 shows a refrigerant circuit formed by the
indoor unit 2 and the outdoor air-conditioning unit 5.
Structures and configurations of the indoor unit 2 and the
outdoor air-conditioning unit 5 will be hereinafter de-
scribed with reference to FIGS.2 and 3.

(i) Indoor Unit 2

[0036] Theindoor unit2 mainly includes anindoor heat
exchanger 21, a cross-flow fan 22, and an indoor fan
motor 23. The indoor heat exchanger 21 is composed of
a heat-transfer pipe and plural fins. The heat-transfer
pipe is bent plural times between its longitudinal ends.
The heat-transfer pipe passes through the fins. The in-
door heat exchanger 21 is configured to exchange heat
with air that it makes contact. In the cooling operation,
the indoor heat exchanger 21 functions as an evaporator
for decreasing temperature of indoor heat that it makes
contact. Moisture, contained in the air making contact
with the indoor heat exchanger 21, changes into water
drops, and the water drops fall onto a drain pan (not il-
lustrated in the figure) disposed beneath the indoor heat
exchanger 21. Accordingly, humidity of the air to be dis-
charged into the indoor space is also decreased. In the
heating operation, on the other hand, the indoor heat
exchanger 21 functions as a condenser. The air, making
contact with the indoor heat exchanger 21, is thereby
heated and supplied into the indoor space. The cross-
flow fan 22 is formed in a cylindrical shape. The cross-
flow fan 22 has plural blades on its outer peripheral sur-
face. The cross-flow fan 22 is configured to generate air-
flow in perpendicular directions to its rotation shaft. Ac-
cordingly, the cross-flow fan 22 inhales the indoor air into
the indoor unit 2, and simultaneously blows out the air,
heat-exchanged with the indoor heat exchanger 21, into
the indoor space. The cross-flow fan 22 is driven and
rotated by the indoor fan motor 23. The indoor fan motor
23 is connected to a control unit 8 described below. The
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indoor fan motor 23 is configured to be actuated in re-
sponse to a control signal from the control unit 8.
[0037] Note the indoor unit 2 includes various sensors
attached thereto. For example, the sensors include an
inhalation temperature sensor 25 and an indoor humidity
sensor 26. The inhalation temperature sensor 25 detects
temperature of the indoor air to be inhaled into the indoor
unit 2, whereas the indoor humidity sensor 26 detects
humidity of the indoor space. Humidity, detected herein
by the indoor humidity sensor 26, is relative humidity. As
shown in FIG.3, the inhalation temperature sensor 25
and the indoor humidity sensor 26 are respectively con-
nected to the control unit 8. Values (i.e., temperature and
humidity), respectively detected by the inhalation tem-
perature sensor 25 and the indoor humidity sensor 26,
are thereby transmitted to the control unit 8.

(i) Outdoor Air-Conditioning Unit 5

[0038] The Outdoor air-conditioning unit 5 mainly in-
cludes a compressor 51, a propeller fan 52, an outdoor
fan motor 53, an outdoor heat exchanger 54, a four-way
switch valve 55, an electric valve 56, a liquid closing valve
57, and a gas closing valve 58. The compressor 51 is a
machine configured to regulate its capacity through an
inverter control. The compressor 51 is configured to in-
hale low-pressure gas refrigerant, compress the inhaled
low-pressure gas refrigerant, and discharge high-pres-
sure gas refrigerant changed from the low-pressure gas
refrigerant. The propeller fan 52 is driven and rotated by
the outdoor fan motor 53. The propeller fan 52 is config-
ured to inhale the outdoor air into a casing of the outdoor
air-conditioning unit 5.

[0039] The outdoor heat exchanger 54 is configured
to exchange heat between the refrigerant flowing through
the interior of the outdoor heat exchanger 54 and the
outdoor air inhaled into the outdoor air-conditioning unit
5 by means of the propeller fan 52. One end of the Out-
door heat exchanger 54 is connected to the four-way
switch valve 55, whereas the other end thereof is con-
nected to the electric valve 56. The four-way switch valve
55 is configured to switch a refrigerant circuit based on
the cooling/heating mode. The refrigerant, flowing
through the outdoor heat exchanger 54, discharges heat
in the cooling operation mode (i.e., when the four-way
switch valve 55 is in state of a solid line), but absorbs
heat in the heating operation mode (i.e., when the four-
way switch valve 55 is in state of a dashed line). The
electric valve 56 is configured to change its valve opening
degree for controlling the amount of the refrigerant flow-
ing into the outdoor heat exchanger 54. The liquid closing
valve 57 and the gas closing valve 58 are configured to
open/close the refrigerant circuit. As shown in FIG.3,
components, including e.g., the outdoor fan motor 53,
the compressor 51, the four-way switch valve 55, the
electric valve 56, the liquid closing valve 57, and the gas
closing valve 58, are connected to the control unit 8. Ac-
cordingly, these components are configured to be actu-
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ated inresponse to a control signal from the control unit 8.
[0040] The outdoor air-conditioning unit 5 is further
provided with various sensors such as an outdoor tem-
perature sensor 59 shown in FIG.3. The outdoor temper-
ature sensor 59 is configured to detect outdoor temper-
ature. The outdoor temperature sensor 59 is connected
to the control unit 8 described below. A value detected
by the outdoor temperature sensor 59 is transmitted to
the control unit 8.

(1-2) Humidifier Unit 4

[0041] Next, structure and configuration of the humid-
ifier unit 4 will be hereinafter described. The humidifier
unit 4 is configured to humidify inhaled outdoor air and
supply humidified air into the indoor space. As shown in
FIG.2, the humidifier unit 4 mainly includes an inhalation
humidifier rotor 41, a rotor drive motor 42, a heater 43,
a radial fan 44, a radial fan motor 45, an adsorption fan
46, and an adsorption fan motor 47.

[0042] The inhalation humidifier rotor 41 is a roughly
disc-shaped ceramic rotor with a honeycomb structure
for allowing air to easily pass through. The inhalation hu-
midifier rotor 41 carries adsorption agent such as zeolite,
silica gel or alumina. The inhalation humidifier rotor 41
is configured to adsorb moisture contained in the air that
it makes contact and dehumidify the adsorbed moisture
by means of heating. The inhalation humidifier rotor 41
is driven and rotated by the rotor drive motor 42. The
heater 43 is configured to heat the inhaled outdoor air to
be transferred to the inhalation humidifier rotor 41 in hu-
midification. The radial fan 44 is disposed lateral to the
inhalation humidifier rotor 41. The radial fan 44 is driven
by the radial fan motor 45. The radial fan 44 is configured
to introduce the outdoor air into the humidifier unit 4 and
generate flow of the air to be blown out to the indoor
space (see A1 in FIG.2). Specifically, the radial fan 44
generates the following airflow. That is, the outdoor air
is introduced into the humidifier unit 4 through an air sup-
ply port 40a, then passes through the inhalation humid-
ifier 41, and is transferred to the indoor unit 2 through the
air supply duct 6. The adsorption fan 46 is driven and
rotated by the adsorption fan motor 47. The adsorption
fan 46 generates airflow for discharging the outdoor air,
inhaled into the casing of the humidifier unit 4 through an
inhalation port 40b, out of the casing through a blowout
port40c (see A2in FIG.2). The inhalation humidifier rotor
41 adsorbs moisture contained in the air inhaled through
the inhalation portion 40b for a moisture-adsorption ob-
jective. After the moisture adsorption, the air is dis-
charged to the outdoor space through the blowout port
40c.

[0043] AsshowninFIG.3, components, including e.g.,
the rotor drive motor 42, the heater 43, the radial fan
motor 45, and the adsorption fan motor 47, are connected
to the control unit 8 described below. These components
are configured to be actuated in response to a control
signal from the control unit 8. In short, when humidifica-
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tion is required, the heater 43 is turned on for heating the
air inhaled through the air supply port 40a. After heated
by the heater, the air is transferred to the air supply duct
6 while containing the moisture separated in the inhala-
tion humidifier rotor 41.

(1-3) Control unit 8

[0044] Next, the control unit 8, configured to control
the air conditioner 1, will be hereinafter described with
reference to FIG.3.

[0045] The controlunit8is a microcomputer composed
of a CPU and a memory. The control unit 8 is divided into
plural units, and the units are separately mounted in and
shared by the indoor unit 2, an electric equipment box
disposed in the humidifier unit 4 and the outdoor air-con-
ditioning unit 5 included in the outdoor unit 3, and the
like. Devices, included in the indoor unit 2, the outdoor
air-conditioning unit 5, and the humidifier unit 4, are con-
nected to the control unit 8. The control unit 8 is config-
ured to send/receive a signal to/from the devices.
[0046] The control unit 8 mainly includes a receiving
unit 8a, a regulating unit 8b, a detecting unit 8c, and a
determining unit 8d. The receiving unit 8a is configured
to receive a user request received by a signal receiver
24 illustrated in FIG.1. Specifically, the receiving unit 8a
is configured to receive a user request set by a remote
controller (not illustrated in the figure) through the signal
receiver 24. The user request herein includes an opera-
tion mode, temperature, humidity, airflow direction, and
airflow amount.

[0047] The regulating unit 8b is configured to regulate
temperature, humidity, airflow direction, and airflow
amount in response to the user request received by the
receiving unit 8a. Specifically, the regulating unit 8b is
configured to set target values based on the set condi-
tions including an operation mode, temperature, humid-
ity, airflow direction, and airflow amount. For example,
when the receiving unit 8a receives any one of the oper-
ation modes: the heating operation mode; the cooling
operation mode; and the dehumidifying operation mode,
the air conditioner 1 is controlled based on the user’'s
desired conditions (i.e., temperature, humidity, airflow di-
rection, and airflow amount) as the target values. In other
words, various conditions, including e.g., frequency of
the compressor 51 mounted in the outdoor air-condition-
ing unit 5, opening degree of the electric valve 56, angle
of a flap (not illustrated in the figure), and revolution of
the indoor fan motor 23, are changed in accordance with
the target values set by the regulating unit 8b. Further,
various controls are executed, including e.g., activation/
deactivation control (i.e., ON/OFF control) of the heater
43 mounted in the humidifier unit 4 and control of the
rotor drive motor 42. The air conditioner 1 is thus con-
trolled by regulating temperature, humidity, airflow direc-
tion, and airflow amount for achieving the desired indoor
environment (e.g., temperature) set by a user. On the
other hand, when the receiving unit 8a receives the en-
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ergy-saving automatic operation mode, the regulating
unit 8bis configured to set predetermined conditions (i.e.,
temperature, humidity, airflow direction, airflow amount,
and the like) as the target values for reliably achieving
both energy saving and comfortableness. The target val-
ues are herein separately set for the heating period and
the cooling period. As shown in FIG .4, it is determined
which one of the heating and cooling operations should
be executed based on indoor temperature detected by
the inhalation temperature sensor 25 and outdoor tem-
perature detected by the outdoor temperature sensor 59.
It should be noted that the control unit 8 is provided with
a timer (not illustrated in the figure). The control unit 8 is
configured to cause the sensors 25, 59 to detect the in-
door temperature and the outdoor temperature at prede-
termined time intervals measured by the timer. Based on
the detected indoor and outdoor temperatures, the con-
trol unit 8 is configured to again determine which one of
the heating and cooling operations should be executed
in the energy-saving automatic operation mode.

[0048] Inthe present exemplary embodiment, the reg-
ulating unit 8b is configured to set PMV-based tempera-
ture as target temperature for reliably achieving comfort-
ableness. Specifically, PMV is a thermal sensation index
for indicating comfortableness, and the target tempera-
ture satisfies a condition where a value of PMV is ap-
proximately zero. A value of PMV is normally determined
with parameters such as indoor temperature, relative hu-
midity, mean radiant temperature, wearing amount, ac-
tivity amount, and airflow amount. However, the param-
eters, excluding temperature and humidity, are set to be
predetermined standard values for controlling the air con-
ditioner 1 in the present exemplary embodiment. For re-
liably executing an energy-saving operation, the regulat-
ing unit 8b is further configured to correct the PMV-based
temperature for obtaining target temperature. Specifical-
ly, 0.5degrees Celsius is subtracted from the PMV-based
temperature in the heating operation, whereas 0.5 de-
grees Celsius is added to the PMV-based target temper-
ature in the cooling operation.

[0049] For more detailed explanation, the following ex-
ample case will be provided. According to PMV, best
comfortableness is achieved at indoor temperature of
22.5 degrees Celsius and humidity of 50% during the
heating operation in the energy-saving automatic oper-
ation mode. In this case, the regulating unit 8b of the air
conditioner 1 of the present exemplary embodiment is
configured to set 22.0 degrees Celsius as the target in-
door temperature and set 50% as the target humidity. On
the other hand, according to PMV, best comfortableness
is achieved at indoor temperature of 27.5 degrees Cel-
sius and humidity of 50% during the cooling operation in
the energy-saving automatic operation mode. In this
case, the regulating unit 8b of the air conditioner 1 of the
present exemplary embodiment is configured to set 28.0
degrees Celsius as the target indoor temperature and
set 50% as the target humidity. When the regulating unit
8b sets the target values, the control unit 8 is configured
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to output a control signal to the respective devices in the
indoor unit 2, the outdoor air-conditioning unit 5, and the
humidifier unit 4. Accordingly, the respective devices are
actuated in accordance with the target values.

[0050] Further, the regulating unit 8b is configured to
change the target temperature based on a result of de-
termination by the determining unit 8d described below.
Detailed explanation thereof will be hereinafter provided
together with explanation of the determining unit 8d.
[0051] The detecting unit 8cis configured to detect val-
ues measured by the inhalation temperature sensor 25
and the indoor humidity sensor 26.

[0052] The determining unit 8d is configured to deter-
mine whether or not the values detected by the detecting
unit 8c reach the target temperature and the target hu-
midity. Under the energy-saving automatic operation
mode, the regulating unit 8b is configured to correct the
target temperature by 1 degree Celsius when the deter-
mining unit 8d determines that indoor humidity, meas-
ured by the indoor humidity sensor 26 and then detected
by the detecting unit 8c, does not reach the target hu-
midity even though temperature, measured by the inha-
lation temperature sensor 25 and then detected by the
detecting unit 8c, reaches the target temperature. Spe-
cifically, the regulating unit 8b is configured to add 1 de-
gree Celsius to the target temperature in the heating op-
eration. On the other hand, the regulating unit 8b is con-
figured to subtract 1 degree Celsius from the target tem-
perature in the cooling operation. The regulating unit 8b
thus obtains new (corrected) target temperature (corre-
sponding to "excessive temperature"). More specifically,
the regulating unit 8b is configured to correct the target
temperature of 22.0 degrees Celsius to be the new (cor-
rected) target temperature of 23.0 degrees Celsius in the
heating operation. On the other hand, the regulating unit
8b is configured to correct the target temperature of 28.0
degrees Celsius to be the new (corrected) target temper-
ature of 27.0 degrees Celsius in the cooling operation.
Here, humidity changesin accordance with the correction
of the target temperature, and comfortableness can be
reliably achieved in the indoor environment at an earliest
possible stage.

[0053] Next, correction of the target temperature here-
in executed by the regulating unit 8b, and change in hu-
midity in accordance with the correction of the target tem-
perature will be hereinafter explained with reference to
FIGS.5A and 5B. FIGS.5A and 5B respectively show
temperature shifting for obtaining recommended humid-
ity. In FIG. 5A, each of "DHA_W1" and "DHA_W2" indi-
cates determination baseline humidity in a humidity zone
recommended in the heating operation. In FIG.5B, each
of "DHA_C1" and "DHA_C2" indicates determination
baseline humidity in a humidity zone recommended in
the cooling operation. Further, each "DDH" in FIGS.5A
and 5B indicates humidity-zone deviation. As to the heat-
ing operation (see FIG.5A), the following example will be
provided. When the heating operation is activated, indoor
humidity is assumed to correspond to the position of the
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solid line of DHA_W?2. In this case, humidity is increased
to the position of the solid line of DHA_W1 by correcting
the target temperature by 1.0 degree Celsius. On the
other hand, when humidity is decreased from the position
of the solid line of DHA_W1 to the position of the solid
line of DHA_W?2, humidification is executed through the
activation of the humidifier unit 4 for increasing the target
temperature by 1.0 degree Celsius. As to the cooling op-
eration (See Fig.5B), the following example will be pro-
vided. When the cooling operation is activated, indoor
humidity is assumed to correspond to the position of the
solid line of DHA_C2. In this case, humidity is decreased
to the position of the solid line of DHA_C1 by correcting
the target temperature by 1.0 degree Celsius. On the
other hand, when humidity is increased from the position
of the solid line of DHA_C1 to the position of the solid
line of DHA_C2, the target temperature is decreased by
1 degree Celsius. The recommended humidity is thus
obtained by shifting temperature.

[0054] When the determining unit 8d subsequently de-
termines that humidity detected by the detecting unit 8c
reaches the target humidity, the regulating unit 8b is con-
figured to return the new (corrected) target temperature
to the previous target temperature. Specifically, during
the heating operation in the energy-saving automatic op-
eration mode, the regulating unit 8b returns the new (cor-
rected) target temperature of 23.0 degrees Celsius to the
previous target temperature of 22.0 degrees Celsius. On
the other hand, during the cooling operation in the ener-
gy-saving automatic operation mode, the regulating unit
8b returns the new (corrected) target temperature of 27.0
degrees Celsius to the previous target temperature of
28.0 degrees Celsius.

<Flow of Processing>

[0055] Next, an explanation will be hereinafter provid-
ed with reference to FIG.6 for a series of steps of control
processing to be executed by the air conditioner 1 of the
present exemplary embodiment in the energy-saving au-
tomatic operation mode. First, details will be explained
for a series of steps of control processing to be executed
during the heating operation in the energy saving auto-
matic operation mode.

[0056] When the receiving unit 8a receives a user re-
quest of the energy-saving automatic operation (Step
S1), the heating operation is activated based on temper-
atures that are measured by the inhalation temperature
sensor 25 and the outdoor temperature sensor 59 and
then detected by the detecting unit 8c (Step S2). In this
case, the regulating unit 8b sets preliminarily-set temper-
ature and preliminarily-set humidity as target tempera-
ture and target humidity, respectively. Devices, including
e.g., the compressor 51 of the outdoor air-conditioning
unit 5 and the radial fan motor 45 of the humidifier unit
4, are actuated based on the foregoing target values.
Accordingly, the heating operation (i.e., humidifying heat-
ing operation) is executed. The determining unit 8d sub-
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sequently determines whether or not the temperature,
measured by the inhalation temperature sensor 25 and
then detected by the detecting unit 8c, reaches the target
temperature (Step S3). When determining that the tem-
perature, measured by the inhalation temperature sensor
25 and then detected by the detecting unit 8c, reaches
the target temperature, the determining unit 8d further
determines whether or not the humidity, measured by
the indoor humidity sensor 26 and then detected by the
detecting unit 8c, reaches the target humidity (Step S4).
When the determining unit 8d determines that the humid-
ity, measured by the indoor humidity sensor 26 and then
detected by the detecting unit 8c, does not reach the
target humidity, the regulating unit 8b corrects/increases
the target temperature by 1 degree Celsius (Step S5).
When the determining unit 8d subsequently determines
that the humidity, measured by the indoor humidity sen-
sor 26 and then detected by the detecting unit 8c, reaches
the target humidity (Step S6), the regulating unit 8b re-
turns the new (corrected) target temperature to the pre-
vious target temperature (Step S7).

[0057] Next, details will be explained for a series of
steps of control processing to be executed during the
cooling operation in the energy-saving automatic opera-
tion mode.

[0058] When the receiving unit 8a receives a user re-
quest of the energy-saving automatic operation (Step
S11), the cooling operation is activated based on tem-
peratures that are measured by the inhalation tempera-
ture sensor 25 and the outdoor temperature sensor 59
and then detected by the detecting unit 8c (Step S12).
In this case, the regulating unit 8b sets the preliminarily-
set temperature and the preliminarily-set humidity as tar-
get temperature and target humidity, respectively. De-
vices, including e.g., the compressor 51 of the outdoor
air-conditioning unit 5, are actuated based on the fore-
going target values. Accordingly, the cooling operation
(i.e., dehumidifying cooling operation) is executed. Then,
the determining unit 8d determines whether or not the
temperature, measured by the inhalation temperature
sensor 25 and then detected by the detecting unit 8c,
reaches the target temperature (Step S13). When deter-
mining thattemperature, measured by the inhalationtem-
perature sensor 25 and then detected by the detecting
unit 8c, reaches the target temperature, the determining
unit 8d further determines whether or not humidity, meas-
ured by the indoor humidity sensor 26 and then detected
by the detecting unit 8c, reaches the target humidity (Step
S14). When the determining unit 8d determines that the
humidity, measured by the indoor humidity sensor 26 and
then detected by the detecting unit 8c, does not reach
the target humidity, the regulating unit 8b corrects/de-
creases the targettemperature by 1 degree Celsius (Step
S 15). When the determining unit 8d subsequently de-
termines that the humidity, measured by the indoor hu-
midity sensor 26 and then detected by the detecting unit
8c, reaches the target humidity (Step S16), the regulating
unit 8b returns the new (corrected) target temperature to
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the previous target temperature (Step S17).
<Features>
[0059]

(1) The air conditioner 1 according to the present
exemplary embodiment is provided with plural oper-
ation modes. When the energy-saving automatic op-
eration mode is selected from the operation modes,
temperature, humidity, airflow amount, and air direc-
tion are automatically selected in consideration of
energy saving and comfortableness. Accordingly,
room environment will be comfortable for a user after
operational activation at an earliest possible stage.
Further, according to the air conditioner 1 of the
present exemplary embodiment, the current target
temperature is corrected until humidity reaches the
target humidity in view of the fact that a period of
time necessary for the indoor humidity to reach given
target humidity is generally longer than that neces-
sary for the indoor temperature to reach given target
temperature. Therefore, room environment can be
comfortable for a user at an earliest possible stage.
Further, in consideration of energy saving, the new
(corrected) target temperature is returned to the pre-
vious target temperature when the indoor humidity
reaches the target humidity. Therefore, both com-
fortableness and energy saving can be satisfied dur-
ing execution of the control.

[0060] It should be noted that the air conditioner 1 ac-
cording to the present exemplary embodiment is config-
ured not to set the PMV-based room temperature, satis-
fying the condition where a value of PMV is equal to zero,
as the target temperature in both of the cooling and heat-
ing operations in order to achieve an energy-saving ef-
fect. Specifically, in the cooling operation, the air condi-
tioner 1 is controlled with the target temperature obtained
by adding 0.5 degrees Celsius to the PMV-based room
temperature satisfying the condition where a value of
PMV is equal to zero. In the heating operation, on the
other hand, the air conditioner 1 is controlled with the
target temperature obtained by subtracting 0.5 degrees
Celsius from the PMV-based room temperature satisfy-
ing the condition where a value of PMV is equal to zero.
Therefore, it is desirable to return the new (corrected)
target temperature to the previous target temperature as
early as possible when humidity reaches desired humid-
ity in terms of pursuit of both energy saving and comfort-
ableness.

(2) The air conditioner 1 according to the present
exemplary embodiment can execute an operation in
consideration of comfortableness and energy saving
only by selecting the foregoing energy-saving auto-
matic operation mode through a user operation of a
remote controller (not illustrated in the figure).
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<Exemplary Modifications> [0062] Further, when the air conditioner 1 is installed

in a room where temperature is less variable, comforta-

not reach the target temperature, humidity may be
changed in Step S5 (and Step S 15) for achieving
comfortable indoor environment.

[0061] bleness may be reliably achieved by controlling airflow
(e.g., airflow direction and airflow amount).

(1) In the foregoing exemplary embodiment, the out- &
door unit 3 is composed of the outdoor air-condition- (4) In the energy-saving automatic operation mode
ing unit 5 and the humidifier unit 4. However, an air- according to the foregoing exemplary embodiment,
supply humidifying unit may be installed instead of target values of temperature and humidity have been
the humidifier unit 4. When actually installed, the air- preliminarily set based on PMV in order to achieve
supply humidifying unit is configured to execute an 10 comfortableness. However, the target values may
air-supplying operation and a humidifying operation. be set based on other indices in order to achieve
In the air-supplying operation, inhaled outdoor air is comfortableness. For example, the target values
supplied to the indoor space without humidifying it. may be set based on SET (Standard Effective Tem-
In the humidifying operation, on the other hand, the perature) and/or the like.
inhaled outdoor air is humidified and then supplied 75 (5) In the foregoing exemplary embodiment, com-
to the indoor space. When the humidification-free parison is made between humidity actually meas-
air-supplying operation is herein executed, the heat- ured by the indoor humidity sensor 26 and the target
er 43 is deactivated/turned off and the air inhaled humidity. In the cooling/dehumidifying operation, es-
through the air supply port 40a is supplied to the air timated humidity may be used instead of the humidity
supply duct 6 without processing the inhaled air. In 20 actually measured by the indoor humidity sensor 26.
this case, it is possible to achieve the same advan- In this case, the estimated humidity is obtained by
tageous effects as those achieved by the air condi- an estimating unit configured to estimate indoor hu-
tioner 1 according to the foregoing exemplary em- midity. Japan Laid-open Patent Application Publica-
bodiment. tion No. JP-A-2003-139371 exemplifies an air con-
(2) In the foregoing exemplary embodiment, itis de- 25 ditioner of the configuration. Specifically, the air con-
termined which of the heating and cooling operations ditioner is not provided with any indoor humidity sen-
should be executed based on temperatures meas- sor, but a predetermined sensor is used for detecting
ured by the inhalation temperature sensor 25 and temperature of an indoor heat exchanger and indoor
the outdoor temperature sensor 59 when the energy humidity is estimated based on the detected temper-
saving-automatic operation mode is selected. How- 30 ature of the indoor heat exchanger. Even without the
ever, the foregoing determination may be executed indoor humidity sensor 26, the air conditioner 1 ac-
based on only one of the temperatures measured by cording to the present invention can be thus control-
the inhalation temperature sensor 25 and the out- led. Consequently, it is possible to achieve comfort-
door temperature sensor 59. able air-conditioning environment in consideration
(3) In a series of steps of control processing to be 35 of humidity.
executed in the energy-saving automatic operation
mode according to the foregoing exemplary embod- (6) The indoor unit 2 according to the foregoing ex-
iment, it is determined whether or not the indoor tem- emplary embodiment may be further provided with
perature reaches the target temperature in Step S3 a radiant sensor. In this case, the radiant sensor is
(and Step S13). Subsequently, it is determined 40 configured to detect body surface temperature of a
whether or not the indoor humidity reaches the target user. Based on the detected body surface tempera-
humidity in Step S4 (and Step S 14). Thus, this as- ture, controls of temperature, humidity, and airflow
sumes acase thatthe indoor humidity does notreach in a room can be executed in consideration of con-
the target humidity even through the indoor temper- ditions including e.g., radiant temperature, activity
ature reaches the target temperature. However, 45 amount of a user, and wearing amount. Consequent-
when the air conditioner 1 isinstalled inaroom where ly, it is possible to achieve more comfortable room
indoor temperature is less variable than humidity, environment.
contents of Steps S3 and S4 (and Steps S13 and S (7) In the foregoing exemplary embodiment, the air
14) may be exchanged. In this case, it may be de- conditioner 1 is controlled with relative humidity.
termined whether or not the indoor humidity reaches 50 However, the air conditioner 1 may be controlled with
the target humidity in Step S3 (and Step S13). When absolute humidity.
the indoor humidity reaches the target humidity, it (8) In the foregoing exemplary embodiment, the pre-
may be determined whether or not the indoor tem- liminarily-set target temperature and the preliminar-
perature reaches the target temperature in Step S4 ily-set target humidity are used in the energy-saving
(and Step S14). When the indoor temperature does 55 automatic operation mode. However, controls of

temperature, humidity, and airflow in a room may be
executed in consideration of the impact of radiant
temperature to be estimated based on the outdoor
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temperature.

(9) The indoor unit 2 according to the present exem-
plary embodiment may further have a function of set-
ting physical room conditions (e.g., room’s thermal
insulation property, area of a window, and the
number of doors). In this case, radiant temperature
can be estimated based on the outdoor temperature
and the physical room conditions. Therefore, con-
trols of temperature, humidity, and airflow in a room
can be executed in consideration of the impact of
the radiant temperature. Consequently, it is possible
to achieve more comfortable room environment.
(10) In the present exemplary embodiment, the ex-
emplified air conditioner is configured to regulate in-
door temperature and humidity. However, the air
conditioner may not be provided with a function of
regulating humidity. In this case, the air conditioner
may be configured to correct temperature in accord-
ance with detected humidity.

INDUSTRIAL APPLICABILITY

[0063] The presentinvention is useful as an air condi-
tioner for achieving physical comfortableness based on
both temperature and humidity at an earliest possible
stage.

Claims

1. An air conditioner (1) which is configured to execute
automatic control of an energy-saving operation,
comprising:

a determining unit configured to determine
whether or not indoor temperature reaches tar-
get temperature which is a target value for
achieving comfortableness and whether or not
indoor humidity reaches target humidity which
is a target value for achieving comfortableness,
and

aregulating unit configured to execute afirstreg-
ulation processing in which the target tempera-
ture is regulated to be regulated target temper-
ature roughly equal to the target temperature
based on arelation between the indoor humidity
and the target humidity and/or a second regula-
tion processing in which the target humidity is
regulated to be regulated target humidity rough-
ly equal to the target humidity based on arelation
between the indoor temperature and the target
temperature.

2. The air conditioner according to claim 1,
wherein the regulating unit is configured to tempo-
rarily set one of the indoor temperature and the in-
door humidity, reaching the target value to be an
excessive target value as a value exceeding the tar-
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get value when one of the indoor temperature and
the indoor humidity reaches its target value but the
other of the indoor temperature and the indoor hu-
midity does not reach its target value.

The air conditioner according to claim 2,

wherein the regulating unit is configured to set the
target temperature to be excessive temperature re-
ferring to a target value exceeding the target tem-
perature when the indoor humidity does not reach
the target humidity in the first regulation processing,
and configured to return the excessive temperature
to the previous target temperature when the indoor
humidity reaches the target humidity.

The air conditioner according to one of claims 1 to 3,
wherein the energy-saving operation includes plural
operation modes, and the target humidity and the
target temperature are determined based on a se-
lected one of the operation modes.

The air conditioner according to one of claims 1 to
4, further comprising:

an indoor humidity detecting unit (26) configured
to detect the indoor humidity.

The air conditioner according to one of claims 1 to
4, further comprising:

a compressor;
an outdoor heat exchanger;

an indoor heat exchanger;

a temperature detecting unit configured to de-
tect temperature of the indoor heat exchanger;
and

an estimating unit configured to estimate the in-
door humidity, and

wherein the estimating unit is configured to es-
timate the indoor humidity based on tempera-
ture of the indoor heat exchanger detected by
the temperature detecting unit when either a
cooling operation mode or a dehumidifying op-
eration mode is selected.
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