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(54) INDOOR UNIT OF AIR CONDITIONER

(57)  An indoor unit of an air conditioner includes a provided. When the minimum angle among louver angles

suction port, multiple blow ports provided to surround the
periphery of the suction port, and multiple louvers each
provided at the blow ports and configured to adjust a
blowing direction. Each louver is, upon stop of the indoor
unit, rotated in the direction of closing the blow port, the
angle of each louver rotated in the direction of closing
the blow port upon stop of the indoor unit being a ful-
ly-closed angle. A remote controller configured to set ac-

settable by the remote controller is taken as a first angle
and the maximum angle is taken as a second angle, the
louver angles of some of the multiple blow ports are, in
heating operation, set to a third angle greater than the
fully-closed angle as the louver angle upon stop of the
indoor unit and smaller than the first angle, and the lou-
vers of the other blow ports are set to automatic swing
or downward blowing.

tion of each louver upon operation of the indoor unit is
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Description
TECHNICAL FIELD

[0001] The present invention relates to an indoor unit
of an air conditioner having multiple blow ports and in-
cluding louvers configured to control the wind direction
of each blow port, and is specifically suitable as a four-
direction ceiling cassette type indoor unit.

BACKGROUND ART

[0002] A ceiling cassette type indoor unit having mul-
tiple blow ports (e.g., four) and including louvers config-
ured to control the wind direction of each blow port has
been known as an indoor unit of a typical air conditioner.
[0003] Typically, the louver in the indoor unit of the air
conditioner is set to a wind direction set by a user by
means of a remote controller, but there is an indoor unit
configured such that a louver is forcibly controlled by the
indoor unit itself to change a wind direction under a spe-
cific operation condition. For example, the operation con-
dition includes a condition when the heating operation
start-up control of promptly heating the inside of a room
at the start of heating, and a condition when the control
of improving temperature unevenness between upper
and lower portions inside a room in normal heating op-
eration.

[0004] The typical technique of performing the heating
operation start-up control as described above includes
one described in JP-A-8-320145. In an indoor unit (an
room unit) of an air conditioner described in Patent Doc-
ument 1, warm air is, at the start of heating operation
(upon start-up of the heating operation), directly blown
into a living space in a room with a louver angle facing
downward, and accordingly, convection heating is per-
formed. In this manner, the inside of the room is heated.
Then, when a difference between an indoor temperature
and a set temperature falls within a predetermined value,
a louver is swung up and down. Further, after a lapse of
predetermined time, the wind direction of blown air is
controlled to a direction (horizontal blowing) substantially
parallel to a ceiling surface such that operation transitions
to radiant heating.

[0005] With this configuration, lowering of the indoor
temperature can be effectively suppressed while com-
fortable heating can be performed due to radiation heat
of warm air in the vicinity of a ceiling such that a resident
in the room does not feel a warm air flow.

[0006] Moreover, the typical technique of performing
the control of improving temperature unevenness be-
tween the upper and lower portions in the room in the
normal heating operation includes one described in JP-
A-2011-196666 (Patent Document 2). In the technique
described in Patent Document 2, in a case where a tem-
perature uneven state is determined, a temperature un-
evenness elimination controller starts louver swing ac-
tion. The swing action is stopped in a case where a pre-
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determined condition is satisfied, and thereafter, a louver
is controlled to a downward posture.

CITATION LIST
PATENT DOCUMENT
[0007]

Patent Document 1: JP-A-8-320145
Patent Document 2: JP-A-2011-196666

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] In Patent Document 1, the louver angle is set
to a downward direction at the start of heating, and con-
vection heating is performed to heat the inside of the
room. When the difference between the indoor temper-
ature and the set temperature falls within the predeter-
mined value, the louver is swung up and down so that
both of the vicinity of the ceiling and the vicinity of a floor
surface on which a person is present can be heated.
[0009] Moreover,in Patent Document 2, when the tem-
perature uneven state is brought, the louver swing action
is started. When the predetermined condition is satisfied,
the swing action is stopped, and the louver is controlled
to the downward posture. In this manner, temperature
unevenness is reduced.

[0010] However, in the case of an indoor unit of an air
conditioner including multiple (e.g., four) blow ports pro-
vided to surround a suction port, when all louvers are set
to a downward direction or upper-to-lower swing action
is performed for all louvers in heating operation, a state
in which the wind directions of all blow ports simultane-
ously become downward blowing is brought. When the
wind directions of all blow ports simultaneously become
downward blowing, a phenomenon that blown air is
sucked into the suction port before expanding across an
indoor space, i.e., short circuit, easily occurs. Thus, there
is a problem that a heating capacity is lowered.

[0011] Moreover, a case where a sucked air tempera-
ture sensor is placed at the suction port is typical. How-
ever, when the short circuit occurs, blown air contacts
the suction temperature sensor. Due to such contact, the
sucked air temperature sensor senses a higher temper-
ature than an actual indoor air temperature. Thus, there
is a problem that unnecessary stop of heating (thermo-
off) occurs.

[0012] Note that in the indoor unit including four blow
ports, the louvers of some blow ports are set to a fully-
closed position (a position upon stop of operation) such
that a wind velocity at the remaining blow ports is in-
creased. In this manner, indoor environment with a small
difference between upper and lower temperatures (small
temperature unevenness) is created. However, there is
a problem that the louvers are bent due to action of the
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wind pressure of high-temperature air when the louvers
are at the fully-closed position.

[0013] An object of the present invention is to provide
an indoor unit of an air conditioner configured so that
short circuit can be reduced and bending of a louver can
be also prevented.

SOLUTIONS TO THE PROBLEMS

[0014] Foraccomplishing the above-described object,
the present invention relates to an indoor unit of an air
conditioner including a suction port, multiple blow ports
provided to surround the periphery of the suction port,
and multiple louvers each provided at the blow ports and
configured to adjust a blowing direction. Each louver is,
upon stop of the indoor unit, rotated in the direction of
closing the blow port, the angle of each louver rotated in
the direction of closing the blow port upon stop of the
indoor unit being a fully-closed angle. A remote controller
configured to set action of each louver upon operation of
the indoor unit is provided. When the minimum angle
among louver angles settable by the remote controller is
taken as a first angle and the maximum angle is taken
as a second angle, the louver angles of some of the mul-
tiple blow ports are, in heating operation, set to a third
angle greater than the fully-closed angle as the louver
angle upon stop of the indoor unit and smaller than the
first angle, and the louvers of the other blow ports are set
to automatic swing or downward blowing.

EFFECTS OF THE INVENTION

[0015] According to the present invention, there is an
advantageous effect that the indoor unit of the air condi-
tioner configured so that the short circuit can be reduced
and bending of the louver can be also prevented can be
provided.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

Fig. 1 is a perspective view of a first embodiment of
an indoor unit of an air conditioner of the present
invention.

Fig. 2 is a longitudinal sectional view of the indoor
unit illustrated in Fig. 1.

Fig. 3 is a sectional view of a main portion of one
blow port illustrated in Figs. 1 and 2 in a fully-closed
state of a louver.

Fig. 4 is a sectional view of a main portion of one
blow port illustrated in Figs. 1 and 2, Fig. 4 being a
view of the minimum angle (a first angle) and the
maximum angle (a second angle) of the louver during
operation of the indoor unit.

Fig. 5 is a sectional view of a main portion of one
blow port illustrated in Figs. 1 and 2, Fig. 5 being a
view for describing a third louver angle in the first
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embodiment.

Fig. 6 is a view for describing action when the louver
illustrated in Fig. 5 is in a third angle state.

Fig. 7 is a table for describing louver action in start-
up operation and subsequent agitation operation in
an indoor unit of a typical air conditioner.

Fig. 8 is a view for describing a short circuit phenom-
enonin acase where all louvers are set to downward
blowing in the start-up operation and the subsequent
agitation operation in Fig. 7.

Fig. 9 is a table for describing louver action in start-
up operation and subsequent agitation operation in
the first embodiment of the indoor unit of the air con-
ditioner.

Fig. 10 is a view for describing the louver action in
the agitation operation illustrated in Fig. 9, a blown
air flow, and a sucked air flow.

Fig. 11 is a table for describing louver action in start-
up operation and subsequent agitation operation in
a second embodiment of the indoor unit of the air
conditioner.

Fig. 12 is a table for describing louver action in start-
up operation and subsequent agitation operation in
a third embodiment of the indoor unit of the air con-
ditioner.

DESCRIPTION OF EMBODIMENTS

[0017] Hereinafter, specific embodiments of the
present invention will be described with reference to the
drawings. In each figure, the same reference numerals
are used to represent the same or equivalent elements.

First Embodiment

[0018] A first embodiment of an indoor unit of an air
conditioner of the presentinvention will be described with
reference to Figs. 1 to 6.

[0019] First, an entire configuration of the indoor unit
of the air conditioner in the first embodiment will be de-
scribed with reference to Fig. 1. Fig. 1 is a perspective
view of the indoor unit of the air conditioner of the first
embodiment.

[0020] As illustrated in Fig. 1, the indoor unit 1 of the
air conditioner is configured such that the indoor unit 1
and a not-shown outdoor unitare connected to each other
via a refrigerant pipe to form a refrigerant circuit and re-
frigerant circulates to form a refrigeration cycle. The in-
door unit 1 is a so-called ceiling cassette type, and in-
cludes, for example, a housing 2 embedded in, e.g., a
ceiling of a room and a decorative panel 3 provided to
close a lower opening of the housing 2. The decorative
panel 3 includes a suction port 4 provided at the center
to suck indoor air, and air blow ports 5 provided at four
spots to surround the suction port 4.

[0021] A suction grille 6 is provided at the suction port
4, and a louver 7 configured to adjust the blowing direc-
tion of air blown from each blow port 5 is rotatably pro-
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vided at the blow port 5. Note that the louvers 7 illustrated
in Fig. 1 indicate a state in which the indoor unit 1 is
stopped and the louvers 7 are fully closed, i.e., a state in
which a louver angle is a fully-closed angle (0 degree).
A fully-closed state includes not only a state in which the
blow port 5 is fully closed, but also a state in which the
louver is substantially horizontal to substantially close
the blow port and an opening area is minimum.

[0022] Fig. 2 is a longitudinal sectional view of the in-
door unit 1 illustrated in Fig. 1. As illustrated in Fig. 2, a
motor 8 and a centrifugal fan 9 connected to a rotary
shaft of the motor 8 are placed at a center portion in the
housing 2. The motor 8 is fixed to the center of a top plate
of the housing 2.

[0023] Moreover, a heat exchanger 10 in a hollow
square shape as viewed in plane is placed at the periph-
ery of the centrifugal fan 9 to surround the centrifugal fan
9. The heat exchanger 10 is a cross fin type fin-and-tube
heat exchanger. Moreover, a drain pan 11 configured to
receive dew condensation water generated at the heat
exchanger 10 is placed below the heat exchanger 10.
Generally, a heat insulating material made of foamed sty-
rol is used as the drain pan 11. A water receiving groove
is formed along a lower end of the heat exchanger 10,
and a lower end portion of the heat exchanger 10 enters
the water receiving groove. Moreover, although not
shown in the figure, the blow port 5 is formed integrally
with the heat insulating material forming the drain pan
11, oris formed from a separate heat insulating material.
[0024] 20 is the ceiling of the room, and the indoor unit
1 is placed such that a housing 2 portion is embedded in
the ceiling 20. The decorative panel 3 is formed in a
square shape slightly larger than the housing 2. Moreo-
ver, the decorative panel 3 is arranged along the ceiling
20 to cover a lower surface of the housing 2, and is ex-
posed to an indoor space.

[0025] The louver 7 provided at the blow port 5 of the
decorative panel 3 is at a fully-closed position (the louver
angle is 0 degree) in Fig. 2, and indicates a state in which
operation of the indoor unit 1 is stopped. When the indoor
unit 1 starts operating, the louver 7 is rotated to open the
blow port 5, and then, is fixed at a predetermined angle
set from a remote controller (not shown) by a user, such
as downward blowing or lateral blowing (horizontal blow-
ing). Alternatively, when the user sets action of the louver
7 to automatic swing from the remote controller, the lou-
ver 7 performs automatic swing action within a range
from the minimum angle to the maximum angle.

[0026] Moreover, when operation of the indoor unit 1
begins, the indoor air is sucked into a suction portion 12
of the centrifugal fan 9 through the suction port 4 and the
suction grille 6, and then, is discharged in an outer pe-
ripheral direction from a discharge portion 13 of the cen-
trifugal fan 9. The air discharged from the centrifugal fan
9 is cooled or heated through the heat exchanger 10.
Thereafter, the resultant conditioned air is blown into the
room through the blow ports 5 formed at the decorative
panel 3 by way of a wind path 14 formed by an outer
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peripheral surface of the heat exchanger 10 and an inner
peripheral surface of the housing 2.

[0027] Atthis point, whenthe louver7 is setto anangle
for downward blowing, the conditioned air is blown down-
ward. When the louver 7 is set to an angle for lateral
blowing, the conditioned air is blown substantially in a
lateral direction (the horizontal direction). Further, in the
case of setting to automatic swing as described above,
the louver 7 performs the automatic swing action within
the range from the minimum angle to the maximum angle.
Thus, the conditioned air is blown within a range from a
direction close to the horizontal direction to a direction
close to the vertical direction according to motion of the
louver 7.

[0028] Note thatin Fig. 2, 15 is a bell mouth arranged
below the centrifugal fan 9 and having, ata center portion,
an opening whose diameter gradually decreases while
standing toward the suction portion 12 of the centrifugal
fan 9. The bell mouth 15 is configured to guide air sucked
through the suction port 4 to the centrifugal fan 9. More-
over, the bell mouth 15 is configured to divide, together
with the drain pan 11, an internal space of the housing 2
into a suction side and a discharge side of the centrifugal
fan 9.

[0029] 16 is an electric component box configured to
house, e.g., a control board for controlling operation of
the indoor unit 1, and the electric component box 16 is
placed on a lower surface of the bell mouth 15. 17 is a
suction filter placed above the suction grille 6.

[0030] Next, a configuration of the vicinity of the louver
7 in the fully-closed state of the louver 7, i.e., the state in
which the louver 7 is at the fully-closed angle (0 degree),
will be described with reference to Fig. 3. Fig. 3is a sec-
tional view of a main portion of one blow port illustrated
in Figs. 1 and 2 in a fully-closed angle state of the louver.
When operation of the indoor unit 1 is stopped, the louver
7 is brought into the fully-closed angle state illustrated in
Fig. 3 to prevent a foreign substance from entering the
indoor unit during stop of the indoor unit 1 and improve
designability upon stop of the indoor unit.

[0031] Asillustrated in Fig. 3, the fully-closed angle (0
degree) of the louver 7 is not generally a state in which
the blow port 5 is fully closed, but a state in which a slight
clearance is formed between each of right and left ends
of the louver 7 and a wall surface of the decorative panel
3 forming the blow ports 5. It is configured such that the
louver 7 and a wall surface of the blow port 5 do not
contact each other.

[0032] Note that in Fig. 3, 3a is a heat insulating ma-
terial forming the blow port 5, such as foamed styrol.
[0033] Asillustrated in Fig. 1, the louver 7 is formed in
an elongated plate shape or a blade shape extending
from one end to the other end of the blow port 5 in a
longitudinal direction thereof, and is fixed to a center shaft
18 extending in a longitudinal direction of the louver 7 via
an attachment member 19. The center shaft 18 is rotat-
ably supported by support members (not shown) ar-
ranged on both end sides of the center shaft 18, and



7 EP 3 751 212 A1 8

rotation of the center shaft 18 is controlled by, e.g., a
stepping motor.

[0034] Fig. 4 is a sectional view of a main portion of
one blow port illustrated in Figs. 1 and 2, Fig. 4 being a
view of the minimum and maximum angles of the louver
during operation of the indoor unit. That is, Fig. 4 illus-
trates an action range of the louver 7 in a state in which
the indoor unit 1 is in operation. A louver 7a indicated by
a solid line indicates the minimum angle (a first angle) of
the louver 7 settable by the user by means of the remote
controller (not shown), and a louver 7b indicated by a
chain line indicates the maximum angle (a second angle)
of the louver 7 settable by the user by means of the re-
mote controller.

[0035] When the louver 7 is set to a position 7a at the
minimum angle (the first angle), lateral blowing operation
for blowing the conditioned air substantially in the hori-
zontal direction from the blow port 5 is performed. On the
other hand, when the louver 7 is set to a position 7b at
the maximum angle (the second angle), downward blow-
ing operation for blowing the conditioned air substantially
in the vertical direction from the blow port 5 is performed.
[0036] Note thatin the present embodiment, when the
fully-closed angle as the louver angle upon stop of the
indoor unit 1 as illustrated in Fig. 3 is 0 degree, the min-
imum angle (the first angle) is 28 degrees, and the max-
imum angle (the second angle) is 64 degrees, for exam-
ple. Note that the minimum angle (the first angle) may
be set as necessary within a range of about 27 to 30
degrees, for example. Moreover, the maximum angle
(the second angle) may be set as necessary within a
range of about 60 to 70 degrees, for example.

[0037] The angle of the louver 7 during operation of
the indoor unit 1 is not only settable within the range
between the minimum angle and the maximum angle
from the remote controller, but also is settable from the
remote controller at multiple levels in increments of sev-
eral degrees between the minimum angle and the max-
imum angle. For example, when the minimum angle is
taken as a first level and the maximum angle is taken as
a seventh level, five levels (second to sixth levels) of the
angle are settable between the first and seventh levels.
Note that the angle of the louver 7 is not limited to the
seven levels, and more or less levels may be provided.
Alternatively, the louver angle may be steplessly settable
to an optional angle.

[0038] When action of the louver 7 is set to automatic
swing from the remote controller, the louver 7 repeats
reciprocation action for increasing the angle from the an-
gle at the start of automatic swing setting such as the
first level as the minimum angle to the seventh level as
the maximum angle in the order of the second level, the
third level, ... and subsequently decreasing the angle to
the first level as the minimum angle in the opposite di-
rection in the order of the sixth level, the fifth level, ....
[0039] Note that automatic swing is not limited to the
reciprocation action between the first and seventh levels,
and for example, may be reciprocation action between
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the third to seventh levels. Moreover, it may be configured
such that upon automatic swing, the louver angle
smoothly and steplessly changes.

[0040] In the indoor unit of the air conditioner as de-
scribed above, in high-load operation in which a temper-
ature difference between an external airtemperature and
a room temperature is extremely great in, e.g., heating
operation, a wind direction is set to downward blowing
such that warm air is supplied downward. However, in
some cases, sufficient blown air cannot reach afloor sur-
face.

[0041] Moreover, anothertechnique for decreasing the
opening area of the blow port 5 of the indoor unit 1 is
conceivable, in which the louvers of some of four blow
ports 5 are set to the fully-closed position (the position
upon stop of operation) as illustrated in Fig. 3 such that
the wind velocity at the remaining blow ports is increased.
[0042] However, when the indoor unit is operated with
the louvers 7 of some blow ports 5 being at the fully-
closed position, there are problems that the louvers at
the fully-closed position greatly bend due to the wind
pressure of blown air and plastic deformation of the resin
louvers easily occurs due to the high temperature of the
blown air when operation is performed for a long period
of time.

[0043] The configuration of the indoor unit of the air
conditioner of the present embodiment for solving the
above-described problems will be described with refer-
ence to Figs. 5 and 6. Fig. 5 is a sectional view of a main
portion of one blow port illustrated in Figs. 1 and 2, Fig.
5 being a view for describing a third louver angle in the
first embodiment. Fig. 6 is a view for describing action in
a state in which the louver illustrated in Fig. 5 is at the
third angle.

[0044] InFig.5, the position 7a of the louver 7 indicated
by a chain line indicates a case where the louver 7 is set
to the position at the minimum angle (the first angle), and
the position 7b of the louver 7 similarly indicated by a
chain line indicates a case where the louver 7 is set to
the position at the maximum angle (the second angle).
These positions 7a, 7b of the louver 7 are the angles of
the louver 7 settable from the remote controller (not
shown), and are functions generally provided to the typ-
ical indoor unit. Moreover, the function of automatically
swinging the louver 7 within the range between the first
angle position 7a and the second angle position is also
generally provided, and is settable from the remote con-
troller.

[0045] The present embodiment is configured such
that the angle of the louver 7 of each of four blow ports
5 illustrated in Fig. 1 is, as illustrated in Fig. 5, settable
to a position 7c at the third angle greater than the fully-
closed angle (a louver angle of 0 degree) as the louver
angle upon stop of the indoor unit as illustrated in Fig. 3
and smaller than the first angle as the minimum opening
degree ofthe louver 7 settable from the remote controller.
[0046] The position 7c at the third angle of the louver
7 is not an angle settable by the user from the remote
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controller, but the angle position of the louver 7 automat-
ically set from a control device (not shown) included in,
e.g., the indoor unit 1 of the air conditioner in the case of
a preset predetermined operation condition such as the
start of the heating operation.

[0047] For example, in a case where the first angle is
28 degrees, the third angle is set to an angle, such as 14
degrees, greater than 0 degree as the fully-closed angle
upon stop of the indoor unit and smaller than the first
angle (28 degrees) as the minimum angle settable by the
user from the remote controller. The third angle is not
limited to 14 degrees, and may be set as necessary within
arange of 5 to 25 degrees and preferably a range of 10
to 18 degrees.

[0048] That is, in the present embodiment, in a case
where the minimum angle (the first angle) as the angle
of the louver 7 settable from the remote controller is the
first level and the maximum angle (the second angle) is
the seventh level, the third angle corresponds to an angle
of a 0.5 level. The angle of the 0.5 level is not a louver
angle settable by the user from the remote controller, but
is an angle automatically set from the control device pro-
vided at, e.g., the indoor unit 1 in the case of the prede-
termined operation condition.

[0049] Inthe presentembodiment, itis configured such
that each louver 7 is settable to the position 7c at the
third angle (the angle of the 0.5 level) as described above.
In a case where the air conditioner is under the preset
predetermined operation condition, the louvers 7 of some
blow ports 5 among the louvers 7 of the multiple blow
ports 5 are set to the position 7c at the third angle.
[0050] The louvers 7 of some blow ports 5 are set to
the position at the third angle (the angle greater than the
fully-closed angle of the louver and smaller than the first
angle) so that a small clearance 21 can be formed be-
tween the wall surface of the blow port 5 and an end
portion of the louver 7 as indicated by a hatched circle in
Fig. 6. Thus, an air flow can be blown from the clearance
21, and therefore, bending of the louver due to the wind
pressure can be reduced. Thus, bending of the louver 7
can be suppressed small, and therefore, plastic defor-
mation of the louver can be reduced even in a case where
high-temperature air is blown into the room.

[0051] Note that the louvers 7 set to the third angle
may be configured switchable sequentially in every pre-
determined time. Moreover, for the louvers 7 of the other
blow ports 5, louver action settable from the remote con-
troller is performed. That is, the other louvers 7 are set
to automatic swing, or are set to an optional louver angle.
[0052] The preset predetermined operation condition
of the air conditioner includes, for example, operation
conditions as follows, and it may be configured such that
the louvers of some blow ports among the louvers of the
multiple blow ports are automatically set to the third angle
from the control device (not shown) provided at, e.g., the
indoor unit 1 in a case where the following operation is
performed:
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(1) a case where the heating operation has been set;
(2) a case where operation is, in the heating opera-
tion or cooling operation, performed under a high-
load operation condition where the temperature dif-
ference between the external air temperature and
the room temperature is equal to or greater than a
preset predetermined temperature difference;

(3) a case where a high-speed blowing setting for
causing blown air to reach a farther spot than a nor-
mal case, such as the vicinity of the floor surface,
has been made in the heating operation or the cool-
ing operation; and

(4) a case where agitation operation for increasing
the blown wind velocity to decrease a temperature
difference between upper and lower portions in the
room in, e.g., the heating operation has been set or
a case where the agitation operation is automatically
executed by the control device of the air conditioner.

[0053] Note that for the third angle described above,
the user cannot set an optional louver to the third angle
from the remote controller, but the third angle is the angle
automatically set from the control device of the air con-
ditioner in a case where, e.g., the high-speed blowing
setting has been made. For example, in a case where
any of the operations (1), (3), and (4) has been set, a
case where operation is performed under the condition
(2), or a case where the agitation operation of (4) is au-
tomatically executed, the angle of the louver 7 of any of
the blow ports 5 is automatically set to the third angle
position from the control device.

[0054] With this configuration, the opening area of the
blow port 5 of the louver portion set to the third angle is
decreased. Thus, the volume of wind blown from the blow
port 5 can be significantly reduced, and the velocity of
wind blown from the other blow ports 5 can be sufficiently
increased. Consequently, sufficient blown air can reach
a far position such as the floor surface.

[0055] Moreover, atthe blow port5 of the louver portion
set to the third angle, the small clearance 21 can be
formed between the wall surface of the blow port 5 and
the end portion of the louver 7, and therefore, an air flow
can be blown from the clearance 21. Thus, bending of
the louver 7 due to the wind pressure can be reduced.
Thus, the rotation speed of the centrifugal fan 9 is in-
creased, and therefore, bending of the louver 7 can be
reduced even in a case where a great volume of high-
temperature air is blown into the room. Consequently,
plastic deformation of the louver 7 can be also reduced.
[0056] Note that in description above, it is configured
such that under the preset predetermined operation con-
dition, the angles of the louvers of some of the multiple
blow ports are set to the third angle. However, the fol-
lowing configuration may be employed instead of this
configuration.

[0057] Thatis, underthe predetermined operation con-
dition, the angles of the louvers 7 of some of the multiple
blow ports 5 are not promptly controlled to the third angle,
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but may be first held at the fully-closed angle for such
predetermined time that plastic deformation of the lou-
vers 7 does not occur and be subsequently controlled to
the third angle after a lapse of the predetermined time.

[0058] With this configuration, the velocity of wind
blown from the other blow ports 5 can be further in-
creased as compared to the case of control to the third
angle when the louvers 7 are held at the fully-closed an-
gle, and therefore, a high-speed blowing effect can be
further improved. In addition, the louvers 7 controlled to
the fully-closed angle are controlled to the third angle
before plastic deformation of the louvers 7 occurs, and
therefore, the effect of preventing plastic deformation of
the louvers 7 can be also provided.

[0059] Moreover, in description above, the minimum
angle settable by the remote controller is taken as the
first angle, and the louver angle greater than the fully-
closed angle as the louver angle upon stop of the indoor
unit and smaller than the first angle is taken as the third
angle. Instead, the following configuration may be em-
ployed.

[0060] That is, in a case where the function of auto-
matically swinging the louver is provided, the minimum
angle of the louver upon automatic swing may be taken
as the first angle, and the louver angle greater than the
fully-closed angle as the louver angle upon stop of the
indoor unit and smaller than the first angle may be set
as the third angle.

[0061] As described above, in the present embodi-
ment, under the preset predetermined operation condi-
tion such as the case where the high-speed blowing set-
ting has been made, the angles of the louvers 7 of some
of the multiple blow ports 5 are set to the third angle
greater than the fully-closed angle (0 degree) as the lou-
ver angle upon stop of the indoor unit and smaller than
the first angle as the minimum angle settable from the
remote controller or the minimum angle upon automatic
swing, and the louvers 7 of the other blow ports are set
to the second angle or automatic swing. Thus, high-
speed blowing from some of the multiple blow ports 5 is
allowed while bending of the louver 7 provided at each
blow port 5 can be reduced.

[0062] Next, louver action in the typical indoor unit 1
and the louver action in the indoor unit 1 of the first em-
bodiment will be described with reference to Figs. 7 to
10. Fig. 7 is a table for describing the louver action in
start-up operation and subsequent agitation operation in
the indoor unit of the typical air conditioner, Fig. 8 is a
view for describing a short circuit phenomenon in a case
where all louvers are brought into downward blowing in
the start-up operation and the subsequent agitation op-
eration in Fig. 7, Fig. 9 is a table for describing the louver
action in start-up operation and the subsequent agitation
operation in the indoor unit of the air conditioner of the
first embodiment, and Fig. 10 is a view for describing the
louver action in the agitation operation illustrated in Fig.
9, a blown air flow, and a sucked air flow.

[0063] In the typical indoor unit, louvers 7A to 7D of
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four blow ports 5 illustrated in Fig. 1 are, as illustrated in
Fig. 7, controlled to the second angle (downward blow-
ing), i.e., the maximum angle, in the start-up operation
for the heating operation. Thereafter, all of the louvers
7Ato 7D perform the automatic swing action after a lapse
of predetermined time, and the agitation operation is per-
formed. Note that the agitation operation is performed
for predetermined time, and normal operation is brought
subsequently.

[0064] Thus,inthe heating start-up operation, the wind
directions of all of four blow ports 5 are simultaneously
brought into the second angle (downward blowing).
Moreover, in the agitation operation performed after a
lapse of the predetermined time, all of the louvers 7A to
7D perform the automatic swing action, and therefore,
all of four louvers 7A to 7D are sometimes simultaneously
broughtinto the second angle (downward blowing) during
the automatic swing action.

[0065] Asdescribed above, when all of four louvers 7A
to 7D are broughtinto downward blowing, a phenomenon
that warm blown air 22 subjected to heating is, as illus-
trated in Fig. 8, sucked into the suction port 4 provided
at a lower surface of the center of the indoor unit 1 before
expanding across the indoor space R, i.e., the short cir-
cuit phenomenon (see short circuit flows 23), easily oc-
curs. For this reason, there are problems that a heating
capacity of the air conditioner is lowered and the efficien-
cy of the air conditioner is also lowered due to prompt
suction of the heated high-temperature blown air.
[0066] Note thatin Fig. 8, 24 indicates the flow of cool
indoor air sucked into the suction port 4 of the indoor unit
1 from the vicinity of the floor surface F forming the indoor
space R.

[0067] The indoor unit of the air conditioner of the first
embodiment in which the above-described problems of
the indoor unit of the typical air conditioner have been
solved will be described with reference to Figs. 9 and 10.
Forimproving the above-described short circuit phenom-
enon, the louvers 7A to 7D of four blow ports 5 illustrated
in Fig. 1 are controlled as illustrated in Fig. 9 in the first
embodiment. In the first embodiment, control is the same
as that illustrated in Fig. 7 on a point that the wind direc-
tions of the louvers 7A to 7D of all of four blow ports 5
are simultaneously controlled to the second angle (down-
ward blowing) in the heating start-up operation.

[0068] A difference of the indoor unit 1 of the first em-
bodiment from that of the typical case illustrated in Figs.
7 and 8 is control of the louvers 7Ato 7D in the agitation
operation performed after a lapse of the predetermined
time in the heating start-up operation. In the present em-
bodiment, when the agitation operation begins, the lou-
vers 7B to 7D of three blow ports 5 among the louvers 7
of four blow ports 5 perform the automatic swing action
to perform the agitation operation, but the louver 7A of
the blow port 5 as one of the louvers 7 of four blow ports
5 is, as illustrated in Fig. 9, controlled to the third angle
(blowing beyond the horizontal direction) described with
reference to Fig. 5.
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[0069] The third angle (blowing beyond the horizontal
direction) is the angle (the angle of the 0.5 level) greater
than the fully-closed angle (a louver angle of O degree)
as the louver angle upon stop of the indoor unit as illus-
trated in Fig. 3 and smaller than the first angle (the angle
of the first level) as the minimum opening degree of the
louver 7 settable from the remote controller, and is an
angle such as 14 degrees.

[0070] Moreover, as described above, the position 7c
of the louver 7 at the third angle is not the angle settable
by the user from the remote controller, but the angle po-
sition of the louver 7 automatically set from the control
device included at, e.g., the indoor unit 1 of the air con-
ditioner under the preset predetermined operation con-
dition.

[0071] In the typical configuration, all of the louvers 7A
to 7D perform the automatic swing action in the agitation
operation. Thus, in some cases, all of four louvers 7Ato
7D face downward during the automatic swing action. In
this case, there is a problem that the short circuit phe-
nomenon occurs as described with reference to Fig. 8.
On the other hand, in the first embodiment, the louver 7A
of the single blow port 5 is set to the third angle (blowing
beyond the horizontal direction), and therefore, the fol-
lowing advantageous effects are provided.

[0072] That is, as illustrated in Fig. 10, air is blown to
the upper portion (a ceiling 20 side) in the indoor space
R from the blow port 5 including the louver 7A set to the
third angle as indicated by blown air 22a. Thus, a sucked
air passage 25 is formed below the blow port 5 including
the louver 7A, and therefore, cool air at the lower portion
in the indoor space R is easily sucked into the suction
port 4 of the indoor unit 1 as indicated by an indoor air
flow 24. As a result, the short circuit phenomenon (see
Fig. 8) that part of high-temperature blown air is promptly
sucked into the suction port 4 can be reduced. Since
prompt suction of the heated high-temperature blown air
into the suction port is reduced, cool air at the lower por-
tion in the indoor space R can be efficiently sucked into
the indoor unit 1. Thus, the effect of improving the effi-
ciency of the air conditioner can be provided.

[0073] Moreover, the louver 7A is set to the position at
the third angle, and therefore, the small clearance 21 can
be formed between the wall surface of the blow port 5
and the end portion of the louver 7 as indicated by the
hatched circle in Fig. 6. Thus, the air flow can be blown
from the clearance 21, and therefore, bending of the lou-
ver 7A due to the wind pressure can be reduced. The
effect of reducing plastic deformation of the louver even
in a case where high-temperature air is blown into the
room can be provided.

[0074] As described above, according to the first em-
bodiment, the effect of providing the indoor unit of the air
conditioner configured so that the short circuit can be
reduced and bending of the louver can be also reduced
is provided. Moreover, high-speed blowing from the blow
ports 5 having the louvers other than the louvers set to
the third angle is allowed.
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[0075] Notethatactioninthe heating start-up operation
illustrated in Fig. 9 is for a case where the user sets, e.g.,
a high-load heating mode. When, e.g., the high-load
heating mode is set, the air conditioner automatically per-
forms action of the heating start-up operation illustrated
in Fig. 9. Right after the start of the heating operation,
the start-up operation is performed for the predetermined
time such as 30 minutes, and subsequently transitions
to the agitation operation. The agitation operation is per-
formed for about 10 minutes, and subsequently transi-
tions to the normal operation freely settable by the user
from the remote controller.

Second Embodiment

[0076] A second embodiment of an indoor unit of an
air conditioner of the present invention will be described
with reference to Fig. 11. A basic configuration of the
indoor unit 1 is similar to that of the first embodiment
described with reference to Figs. 1 to 6 and 10, and there-
fore, description of similar elements will be omitted. Dif-
ferences of the second embodiment from the first em-
bodiment will be mainly described.

[0077] Fig. 11 is a table for describing louver action in
start-up operation and subsequent agitation operation in
the second embodiment of the indoor unit of the air con-
ditioner. In the second embodiment, control is the same
as that illustrated in Fig. 7 on a point that the wind direc-
tions of louvers 7A to 7D of all of four blow ports 5 are
simultaneously controlled to a second angle (downward
blowing) in heating start-up operation.

[0078] A difference of the indoor unit 1 of the second
embodiment from that of the first embodiment is control
of the louvers 7A to 7D in the agitation operation per-
formed after a lapse of predetermined time in the heating
start-up operation as illustrated in Fig. 11. In the second
embodiment, when the agitation operation begins, the
louvers 7B to 7D of three blow ports 5 among the louvers
7 of four blow ports 5 first perform automatic swing action
to perform the agitation operation. However, the louver
7A of the blow port 5 as one of the louvers 7 of four blow
ports 5 is controlled to a third angle (blowing beyond the
horizontal direction) as in Fig. 9.

[0079] Note thatinthe second embodiment, the louver
7A is controlled to the third angle for preset certain time.
Thereafter, the louvers 7A, 7C, 7D of three blow ports 5
among the louvers 7 of four blow ports 5 perform the
automatic swing action to perform the agitation operation,
and the louver 7B of the blow port 5 as one of the louvers
7 of four blow ports 5 is controlled and fixed to the third
angle (blowing beyond the horizontal direction).

[0080] Further, when the certain time has elapsed, the
louvers 7A, 7B, 7D of three blow ports 5 next perform the
automatic swing action to perform the agitation operation,
and the louver 7C is controlled and fixed to the third angle
(blowing beyond the horizontal direction). Further, when
the certain time has elapsed, the louvers 7A to 7C of
three blow ports 5 next perform the automatic swing ac-
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tion to perform the agitation operation, and the louver 7D
is controlled and fixed to the third angle (blowing beyond
the horizontal direction). Subsequently, similar action is
repeated in every certain time to perform the agitation
operation. Note that after completion, the agitation oper-
ation transitions to normal operation.

[0081] The louver set to the third angle is sequentially
controlled and switched in every certain time in the agi-
tation operation as illustrated in Fig. 11, and therefore,
the following advantageous effects are provided.
[0082] Thatis, anindoor space below the louver set to
the third angle (blowing beyond the horizontal direction)
is less heated. The configuration of the second embod-
iment provides the effect of reducing unevenness in an
indoor temperature.

Third Embodiment

[0083] A third embodiment of an indoor unit of an air
conditioner of the presentinvention will be described with
reference to Fig. 12. Fig. 12 is atable for describing louver
action in start-up operation and subsequent agitation op-
eration in the third embodiment of the indoor unit of the
air conditioner. Note that a basic configuration of the in-
door unit 1 is similar to that of the first embodiment de-
scribed with reference to Figs. 1 to 6 and 10, and there-
fore, description of similar elements will be omitted. Dif-
ferences of the third embodiment from the first embodi-
ment will be mainly described.

[0084] In the third embodiment, the wind directions of
some louvers 7A, 7C (in the present embodiment, two
louvers) among louvers 7 of four blow ports 5 are simul-
taneously controlled to a second angle (downward blow-
ing) in heating start-up operation, and the other louvers
7B, 7D are controlled to a third angle (blowing beyond
the horizontal direction).

[0085] Moreover, in the third embodiment, control of
the louvers 7A to 7D in the agitation operation performed
after a lapse of predetermined time in the heating start-
up operation is similar to that of the first embodiment
described with reference to Fig. 9. That is, in the third
embodiment, when the agitation operation begins, the
louvers 7B to 7D of three blow ports 5 among the louvers
7 of four blow ports 5 perform automatic swing action to
perform the agitation operation, and the louver 7A of the
blow port 5 as one of the louvers 7 of four blow ports 5
is controlled to the third angle (blowing beyond the hor-
izontal direction) as illustrated in Fig. 12.

[0086] According to the third embodiment, in down-
ward blowing operation in the heating start-up operation,
some louvers 7B, 7D are controlled to the third angle.
Thus, the effect of allowing such high-speed blowing that
the velocity of wind blown downward from the other lou-
vers 7A, 7C is further increased and promptly increasing
the surrounding temperature of a person in an indoor
space is provided. Moreover, the louvers 7B, 7D are con-
trolled to the third angle, and therefore, a sucked air pas-
sage 25 (see Fig. 10) is formed below the blow ports 5
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including the louvers 7B, 7D, and cool air at a lower por-
tion in the indoor space R is easily sucked into a suction
port 4 of the indoor unit 1. Thus, a short circuit phenom-
enon described with reference to Fig. 8 can be also re-
duced.

[0087] Moreover, control of the louvers 7A to 7D in the
agitation operation performed after a lapse of the prede-
termined time in the heating start-up operation can re-
duce the short circuit and uniformly heat air across the
entirety of the indoor space as in the first embodiment
illustrated in Fig. 9.

[0088] Further, in the third embodiment, in any of the
heating start-up operation and the agitation operation,
some louvers are controlled to the third angle. Thus, as
described with reference to Fig. 6, bending of the louver
due to a wind pressure can be reduced, and plastic de-
formation of the louver can be reduced even in a case
where high-temperature air is blown into a room.
[0089] Note thatin description of the third embodiment
above, the example where the louvers 7B, 7D are con-
trolled to the third angle in the heating start-up operation
has been described. However, the louvers controlled to
the third angle may be 7A, 7C, or only any one of four
louvers may be controlled to the third angle. Moreover,
the example where the louver 7A is controlled to the third
angle in the agitation operation has been described.
However, any one of four louvers may be, as the louver
controlled to the third angle, controlled to the third angle,
or itmay be configured such that optional multiple louvers
are controlled to the third angle.

[0090] As described above, according to each embod-
iment of the present invention, in the indoor unit of the
air conditioner including the multiple blow ports provided
to surround the periphery of the suction port and the mul-
tiple louvers each provided at the blow ports and config-
ured to adjust the blowing direction, the louver angles of
some of the multiple blow ports are, in the heating oper-
ation, set to the third angle greater than the fully-closed
angle and smaller than the first angle as the minimum
angle settable from the remote controller, and the louvers
of the other blow ports are set to downward blowing or
automatic swing. Thus, even in a case where the louvers
other than the louvers set to the third angle are simulta-
neously set to the second angle as the maximum angle
settable from the remote controller, the passage for suck-
ing the indoor air (cool air) can be ensured below each
louver controlled to the third angle, and therefore, the
short circuit can be reduced.

[0091] Thatis, air is blown at an angle corresponding
to the horizontal direction or higher from the blow ports
provided with the louvers controlled to the third angle,
and therefore, the passage for sucking cool air in the
lower portion in the indoor space into the suction port of
the indoor unit is formed below each of these louvers.
Thus, occurrence of the short circuit can be reduced.
[0092] Moreover, the louvers of some of the multiple
blow ports are set to the third angle. Thus, the velocity
of wind blown from the other blow ports can be increased.



17 EP 3 751 212 A1 18

Consequently, the surrounding temperature of the per-
son in the indoor space can be promptly increased, and
the agitation operation can be efficiently performed. Fur-
ther, action of the wind pressure of high-temperature air
on the louvers set to the third angle can be reduced, and
therefore, the effect of reducing bending and plastic de-
formation of the louvers is provided.

[0093] Note that the present invention is not limited to
the above-described embodiments, and includes varia-
tions. For example, in the first to third embodiments de-
scribed above, the example where all louvers are set to
the second angle (downward blowing) or some louvers
are set to the third angle (blowing beyond the horizontal
direction) in the heating start-up operation has been de-
scribed. However, it may be configured such that all lou-
vers are set to automatic swing or some louvers are set
to the third angle and the other louvers perform automatic
swing.

[0094] Moreover, the above-described embodiments
have been described in detail for clearly describing the
presentinvention, and are not limited to one with all con-
figurations described above.

DESCRIPTION OF REFERENCE SIGNS

[0095]

1 indoor unit

2 housing

3 decorative panel

3a heat insulating material
4 suction port

5 blow port

6 suction grille

7 louver

7a position at minimum angle (first angle)
7b position at maximum angle (second angle)
8 motor

9 centrifugal fan

10 heat exchanger

11 drain pan

12 suction portion

13 discharge portion

14 wind path

15 bell mouth

16 electric component box
17 suction filter

18 center shaft

19 attachment member
20 ceiling

21 clearance

22,22a  blown air

23 short circuit flow

24 indoor air flow

25 sucked air passage

F floor surface

R indoor space
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Claims

1.

An indoor unit of an air conditioner, comprising:

a suction port;

multiple blow ports provided to surround a pe-
riphery of the suction port; and

multiple louvers each provided at the blow ports
and configured to adjust a blowing direction,
wherein each louver is, upon stop of the indoor
unit, rotated in a direction of closing the blow
port, an angle of the each louver rotated in the
direction of closing the blow port upon stop of
the indoor unit being a fully-closed angle,

a remote controller configured to set action of
each louver upon operation of the indoor unit is
provided, and

when a minimum angle among louver angles
settable by the remote controller is taken as a
first angle and a maximum angle is taken as a
second angle,

louver angles of some of the multiple blow ports
are, in heating operation, set to a third angle
greater than the fully-closed angle as the louver
angle upon stop of the indoor unit and smaller
than the first angle, and the louvers of the other
blow ports are set to automatic swing.

The indoor unit of the air conditioner according to
claim 1, wherein

the indoor unit is a four-direction indoor unit config-
ured such that blow ports provided with louvers are
provided at four spots around a suction port.

The indoor unit of the air conditioner according to
claim 1, wherein

the louvers setto the third angle are controlled to the
third angle after having been held at the fully-closed
angle for predetermined time.

The indoor unit of the air conditioner according to
claim 1, wherein

when the fully-closed angle as the louver angle upon
stop of the indoor unit is 0 degree, the first angle is
set as necessary within a range of 27 to 30 degrees,
and the second angle is set as necessary within a
range of 60 to 70 degrees, and

the third angle is further set as necessary within a
range of 5 to 25 degrees.

The indoor unit of the air conditioner according to
claim 4, wherein

the third angle is set as necessary within a range of
10 to 18 degrees.

The indoor unit of the air conditioner according to
claim 1, wherein
upon start of the heating operation, the louvers of all
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of the blow ports are set to downward blowing, and
after a lapse of predetermined time, the louver an-
gles of some of the multiple blow ports are set to the
third angle, and the louvers of the other blow ports
are set to the automatic swing.

The indoor unit of the air conditioner according to
claim 1, wherein

the louvers set to the third angle are sequentially
switched in every predetermined time.

An indoor unit of an air conditioner, comprising:

a suction port;

multiple blow ports provided to surround a pe-
riphery of the suction port; and

multiple louvers each provided at the blow ports
and configured to adjust a blowing direction,
wherein each louver is, upon stop of the indoor
unit, rotated in a direction of closing the blow
port, an angle of the each louver rotated in the
direction of closing the blow port upon stop of
the indoor unit being a fully-closed angle,

a remote controller configured to set action of
each louver upon operation of the indoor unit is
provided, and

when a minimum angle among louver angles
settable by the remote controller is taken as a
first angle and a maximum angle is taken as a
second angle,

louver angles of some of the multiple blow ports
are, in heating operation, set to a third angle
greater than the fully-closed angle as the louver
angle upon stop of the indoor unit and smaller
than the first angle, and the louvers of the other
blow ports are set to downward blowing.

The indoor unit of the air conditioner according to
claim 8, wherein

the indoor unit is a four-direction indoor unit config-
ured such that blow ports provided with louvers are
provided at four spots around a suction port,

in start-up operation right after start of the heating
operation, the louvers of some of the four blow ports
are controlled to the third angle, and the louvers of
the other blow ports are set to the downward blowing,
and

after a lapse of predetermined time, the louvers of
some blow ports are set to the third angle, and the
louvers of the other multiple blow ports perform au-
tomatic swing to perform agitation operation.

The indoor unit of the air conditioner according to
claim 8, wherein

the louvers set to the third angle are controlled to the
third angle after having been held at the fully-closed
angle for predetermined time.

10

15

20

25

30

35

40

45

50

55

1"

20






EP 3 751 212 A1

FIG. 3

%f"\g
I

7

AN
ANRERER RN .

72

%

13



EP 3 751 212 A1

FIG. 5

/rf\)

I,

2

FIG. 6

19 18

3a

3a

/I\l\\)

7%57%% 7,

(N

RN

NN

[F—T

7

14



EP 3 751 212 A1

FIG. 7
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