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(54) AIR-CONDITIONING DEVICE AND INDOOR UNIT

(57) Entrance of cold air from near a wall of an indoor
space is avoided. An airflow direction adjusting flap (51)
is provided at a main outlet opening (24a to 24d), and
changes the direction of airflow coming from the main
outlet opening (24a to 24d) in a vertical direction. A load
detector (91) detects a load of an indoor space (500).

When the load of the indoor space (500) is higher than
a predetermined value in a heating operation, the airflow
direction adjusting flap (51) guides the air coming from
the main outlet opening (24a to 24d) in a horizontal di-
rection or in an upward direction with respect to the hor-
izontal direction.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an indoor unit
of an air-conditioning device which controls condition of
indoor air.

BACKGROUND ART

[0002] Indoor units of air-conditioning devices, such as
those disclosed in Patent Document 1, have been known.
An indoor unit of this type is installed near the ceiling and
blows heated or cooled air into an indoor space.

CITATION LIST

PATENT DOCUMENT

[0003] Patent Document 1: Japanese Unexamined
Patent Publication No. H1-302059

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0004] Patent Document 1 discloses adjusting the air-
flow direction such that warm air is directed downward
when a load is high during a heating operation (e.g. when
there is a great difference between the outside-air tem-
perature and the room temperature). In this case, the air
right under the indoor unit may be heated, but cold air
enters the indoor space from near the walls. If this occurs,
the great difference in temperature between, for exam-
ple, a central area and a wall area (a peripheral area) of
the indoor space may be maintained.
[0005] In view of the foregoing, it is therefore an object
of the present invention to avoid entrance of cold air from
near a wall of an indoor space.

[SOLUTION TO THE PROBLEM]

[0006] A first aspect of the present disclosure is direct-
ed to an indoor unit of an air-conditioning device which
supplies air to an indoor space (500). The indoor unit
includes: an indoor casing (20) provided with outlet open-
ings (24a to 24d);an airflow direction adjusting flap (51)
which is provided at each of the outlet openings (24a to
24d) and changes a direction of air coming from the outlet
openings (24a to 24d) in a vertical direction; a load de-
tector (91) which detects a load of the indoor space (500);
and a controller (92) which controls the airflow direction
adjusting flap (51) when the load of the indoor space
(500) is higher than a predetermined value in a heating
operation, such that the direction of the air coming from
the outlet opening (24a to 24d) is a horizontal direction
or directed upward from the horizontal direction.
[0007] In this configuration, when the load of the indoor

space (500) is higher than the predetermined value in
the heating operation, air is supplied to the indoor space
(500) in the horizontal direction or in an upward direction
with respect to the horizontal direction. Relatively warm
air therefore reaches the vicinity of the wall of the indoor
space (500) from where cold air is likely to enter the indoor
space (500). The relatively warm air blocks the cold air
from coming into the indoor space (500) from near the
wall. Entrance of cold air into the indoor space (500) from
near the wall can be avoided in this manner. Consequent-
ly, the difference in temperature between a central por-
tion and a peripheral portion (near the wall) of the indoor
space (500) becomes small.
[0008] A second aspect of the present disclosure is an
embodiment of the first aspect. In the second aspect, the
indoor casing (20) is further provided with an inlet opening
(23). The indoor unit further includes a temperature de-
tector (81) which detects a suction temperature of air
sucked into the indoor casing (20) from the inlet opening
(23). When the load of the indoor space (500) is higher
than the predetermined value in the heating operation is
when a difference between a set temperature in the heat-
ing operation and the suction temperature is greater than
a predetermined difference.
[0009] In this configuration, the load of the indoor
space (500) in the heating operation is determined by a
simple method as described above.
[0010] A third aspect of the present disclosure is an
embodiment of the first or second aspect. In the third
aspect, when the load of the indoor space (500) is higher
than the predetermined value in the heating operation,
the controller (92) sets a speed of the air coming from
each of the outlet openings (24a to 24d) at a higher speed
than when the load of the indoor space (500) is lower
than the predetermined value in the heating operation.
[0011] Thus, the relatively warm air can reach the vi-
cinity of the wall more easily. Entrance of cold air into the
indoor space (500) from near the wall can be avoided
more reliably.
[0012] A fourth aspect of the present disclosure is an
embodiment of the third aspect. In the fourth aspect, the
indoor casing (20) is provided with at least one of the
outlet openings (24a to 24d). The indoor unit is provided
with an airflow inhibition mechanism (50) which corre-
sponds to the outlet opening (24a to 24d) and is config-
ured to inhibit flow of air. When the load of the indoor
space (500) is higher than the predetermined value in
the heating operation, the controller (92) controls the air-
flow inhibition mechanism (50) such that a total opening
area of the at least one outlet opening (24a to 24d) is
smaller than when the load of the indoor space (500) is
lower than the predetermined value in the heating oper-
ation.
[0013] In this configuration, when the load of the indoor
space (500) is higher than the predetermined value in
the heating operation, the speed of air is increased by
reducing the total opening area of the outlet openings
(24a to 24d).

1 2 



EP 3 346 202 A1

3

5

10

15

20

25

30

35

40

45

50

55

[0014] A fifth aspect of the present disclosure is an
embodiment of the fourth aspect. In the fifth aspect, the
airflow direction adjusting flap (51) is configured to be
movable to a position where the flow of air is inhibited,
and serves also as the airflow inhibition mechanism (50).
[0015] This configuration allows the air to be supplied
at a higher speed by reducing the total opening area of
the outlet openings (24a to 24d) without any other airflow
inhibition mechanism (50) provided independently of the
airflow direction adjusting flap (51).
[0016] A sixth aspect of the present disclosure is an
embodiment of any one of the third to fifth aspects. In the
sixth aspect, an indoor fan (31) which is disposed in the
indoor casing (20) and generates flow of the air coming
from the outlet opening (24a to 24d). When the load of
the indoor space (500) is higher than the predetermined
value in the heating operation, the controller (92) sets a
rotational speed of the indoor fan (31) at a higher speed
than when the load of the indoor space (500) is lower
than the predetermined value in the heating operation.
[0017] In this configuration, air can be easily supplied
at a higher speed.
[0018] A seventh aspect of the present disclosure is
directed to an indoor unit of an air-conditioning device
which supplies air to an indoor space (500). The indoor
unit includes: an indoor casing (20) provided with outlet
openings (24a to 24d); an airflow direction adjusting flap
(51) which is provided at each of the outlet openings (24a
to 24d) and changes a direction of air coming from the
outlet openings (24a to 24d) in a vertical direction; a re-
ceiver (201) which can receive an instruction from a user
to select a horizontal airflow mode in which air is supplied
in a horizontal direction or an upward direction with re-
spect to the horizontal direction, and a controller (92)
which controls the airflow direction adjusting flap (51)
when the receiver (201) receives the horizontal airflow
mode in a heating operation, such that the direction of
the air coming from the outlet opening (24a to 24d) is a
horizontal direction or directed upward from the horizon-
tal direction.
[0019] In this configuration, when the receiver (201)
receives the horizontal airflow mode in the heating oper-
ation, air is supplied to the indoor space (500) in the hor-
izontal direction or in the upward direction with respect
to the horizontal direction. That is, the horizontal airflow
mode is selected by a person in the room when the person
himself/herself feels that the indoor space (500) is in the
so-called high load state. The relatively warm air can
therefore reach the vicinity of the wall of the indoor space
(500) from where cold air is likely to enter the indoor space
(500). The relatively warm air blocks the cold air from
coming into the indoor space (500) from near the wall.
Entrance of cold air into the indoor space (500) from near
the wall can be avoided in this manner. Consequently,
the difference in temperature between a central portion
and a peripheral portion (near the wall) of the indoor
space (500) becomes small.
[0020] An eighth aspect of the present disclosure is an

embodiment of the seventh aspect. In the eighth aspect,
when the receiver (201) receives the horizontal airflow
mode, the controller (92) sets a speed of air coming from
each of the outlet openings (24a to 24d) at a higher speed
than when the receiver (201) does not receive the hori-
zontal airflow mode.
[0021] Thus, the relatively warm air can reach the vi-
cinity of the wall more easily. Entrance of cold air into the
indoor space (500) from near the wall can be avoided
more reliably.

ADVANTAGES

[0022] According to the aspects of the present disclo-
sure and the seventh aspect described above, entrance
of cold air into the indoor space (500) from near the wall
can be avoided. Consequently, the difference in temper-
ature between a central portion and a peripheral portion
(near the wall) of the indoor space (500) becomes small.
[0023] According to the second aspect, the load of the
indoor space (500) in the heating operation is determined
by a simple method.
[0024] According to the third and eighth aspects, en-
trance of cold air into the indoor space (500) from near
the wall can be avoided more reliably.
[0025] According to the fourth aspect, the speed of air
is increased by reducing the total opening area of the
outlet openings (24a to 24d).
[0026] According to the fifth aspect, the air can be sup-
plied at a higher speed by reducing the total opening area
of the outlet openings (24a to 24d) without any other air-
flow inhibition mechanism (50) provided independently
of the airflow direction adjusting flap (51).
[0027] According to the sixth aspect, air can be easily
supplied at a higher speed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

[FIG. 1] FIG. 1 is a diagram illustrating a perspective
view of an indoor unit of a first embodiment viewed
obliquely from below.
[FIG. 2] FIG. 2 is a diagram generally illustrating a
plan view of the indoor unit from which a top panel
of a casing body is omitted.
[FIG. 3] FIG. 3 is a diagram generally illustrating a
cross-sectional view of the indoor unit taken along
the line III-O-III shown in FIG. 2.
[FIG. 4] FIG. 4 is a diagram generally illustrating a
bottom view of the indoor unit.
[FIG. 5] FIG. 5 is a block diagram schematically il-
lustrating an indoor controller and devices connect-
ed to the indoor controller according to the first em-
bodiment.
[FIG. 6] FIG. 6 is a diagram illustrating a cross-sec-
tional view of a main part of a decorative panel, show-
ing an airflow direction adjusting flap in a horizontal
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airflow position.
[FIG. 7] FIG. 7 is a diagram illustrating a cross-sec-
tional view of the main part of the decorative panel,
showing the airflow direction adjusting flap in a down-
ward airflow position.
[FIG. 8] FIG. 8 is a diagram illustrating a cross-sec-
tional view of the main part of the decorative panel,
showing the airflow direction adjusting flap in an air-
flow blocking position.
[FIG. 9] FIG. 9 is a diagram for explaining a single
airflow rotation cycle performed by the indoor unit,
and schematically illustrates a bottom surface of the
indoor unit making each movement.
[FIG. 10] FIGS. 10A and 10B each illustrate a plan
view of the indoor space, showing temperature dis-
tributions in the indoor space when the indoor unit
is perfoming the airflow rotation during a heating op-
eration.
[FIG. 11] FIG. 11 is a block diagram schematically
illustrating an indoor controller and devices connect-
ed to the indoor controller according to a second em-
bodiment.

DESCRIPTION OF EMBODIMENT

[0029] Embodiments of the present invention will now
be described in detail with reference to the drawings. The
embodiments below are merely exemplary ones in na-
ture, and are not intended to limit the scope, applications,
or use of the invention.

«First Embodiment»

-Configuration of Indoor Unit-

[0030] As illustrated in FIG. 1, an indoor unit (10) of a
first embodiment is configured as a ceiling embedded
indoor unit. The indoor unit (10) and an outdoor unit (not
shown) together form an air-conditioning device. In the
air-conditioning device, the indoor unit (10) and the out-
door unit are connected to each other by a communica-
tion pipe, thereby forming a refrigerant circuit in which a
refrigerant circulates to perform a refrigeration cycle.
[0031] As illustrated in FIGS. 1 to 5, the indoor unit (10)
has a casing (20) (which corresponds to an indoor cas-
ing), an indoor fan (31), an indoor heat exchanger (32),
a drain pan (33), a bell mouth (36), an airflow direction
adjusting flap (51), a suction temperature sensor (81)
(which corresponds to a temperature detector), and an
indoor controller (90).

<Casing>

[0032] The casing (20) is mounted in the ceiling (501)
of an indoor space (500). The casing (20) is comprised
of a casing body (21) and a decorative panel (22). The
casing (20) houses the indoor fan (31), the indoor heat
exchanger (32), the drain pan (33), and the bell mouth

(36).
[0033] The casing body (21) is mounted by being in-
serted in an opening in the ceiling (501) of the indoor
space (500). The casing body (21) is in a substantially
rectangular parallelepiped box-like shape with an open
bottom end. The casing body (21) has approximately a
flat top panel (21a) and a side panel (21b) projecting
down from a peripheral portion of the top panel (21a).

<Indoor Fan>

[0034] As illustrated in FIG. 3, the indoor fan (31) is a
centrifugal fan which blows air, sucked from below, radi-
ally outward. The indoor fan (31) is arranged at a central
portion in the casing body (21). The indoor fan (31) is
driven by an indoor fan motor (31a). The indoor fan motor
(31a) is fixed to a central portion of the top panel (21a).

<Bell Mouth>

[0035] The bell mouth (36) is located under the indoor
fan (31). The bell mouth (36) is a member for guiding air
which has flowed in the casing (20) to the indoor fan (31).
The bell mouth (36) and the drain pan (33) divide the
internal space of the casing (20) into a primary space
(21c) on a suction side of the indoor fan (31) and a sec-
ondary space (21d) on an air-blowing side of the indoor
fan (31).

<Indoor Heat Exchanger>

[0036] The indoor heat exchanger (32) is a so-called
cross-fin-and-tube heat exchanger. As illustrated in FIG.
2, the indoor heat exchanger (32) is in the shape of a
rectangular frame in plan view, and is disposed to sur-
round the indoor fan (31). That is, the indoor heat ex-
changer (32) is disposed in the secondary space (21d).
The indoor heat exchanger (32) allows the air passing
therethrough from the inside to the outside to exchange
heat with the refrigerant in the refrigerant circuit.

<Drain Pan>

[0037] The drain pan (33) is a member made of so-
called Styrofoam. As illustrated in FIG. 3, the drain pan
(33) is disposed so as to close the lower end of the casing
body (21). A water receiving groove (33b) is formed in
the top surface of the drain pan (33) along the bottom
end of the indoor heat exchanger (32). A bottom end
portion of the indoor heat exchanger (32) is inserted in
the water receiving groove (33b). The water receiving
groove (33b) receives drain water generated in the indoor
heat exchanger (32).
[0038] As illustrated in FIG. 2, the drain pan (33) is
provided with four main outlet paths (34a to 34d) and four
auxiliary outlet paths (35a to 35d). Air which has flowed
through the indoor heat exchanger (32) flows through the
main outlet paths (34a to 34d) and the auxiliary outlet
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paths (35a to 35d). These main and auxiliary outlet paths
pass through the drain pan (33) in a vertical direction.
Each of the main outlet paths (34a to 34d) is a through
hole having an elongated rectangular cross section. The
main outlet paths (34a to 34d) are disposed along the
four sides of the casing body (21). Each side of the casing
body (21) is provided with one main outlet path. Each of
the auxiliary outlet paths (35a to 35d) is a through hole
having a slightly-curved rectangular cross section. The
auxiliary outlet paths (35a to 35d) are disposed at four
corners of the casing body (21). Each corner of the casing
body (21) is provided with one auxiliary outlet path. That
is, the drain pan (33) is provided with the main outlet
paths (34a to 34d) and the auxiliary outlet paths (35a to
35d) in an alternate manner along the periphery of the
drain pan (33).

<Decorative Panel>

[0039] The decorative panel (22) is a thick rectangular
plate-like resin member. A lower portion of the decorative
panel (22) has a square shape larger than the top panel
(21a) of the casing body (21). The decorative panel (22)
is disposed so as to cover a lower surface of the casing
body (21). The lower surface of the decorative panel (22)
serves as a lower surface of the casing (20), and is ex-
posed to the indoor space (500).
[0040] As illustrated in FIGS. 3 and 4, one inlet (23) in
a square shape (which corresponds to an inlet opening)
is formed at a central portion of the decorative panel (22).
The inlet (23) passes through the decorative panel (22)
in the vertical direction and communicates with the pri-
mary space (21c) in the casing (20). Air sucked into the
casing (20) flows in the primary space (21c) through the
inlet (23). The inlet (23) is provided with a grid-like suction
grille (41). A suction filter (42) is provided above the suc-
tion grille (41).
[0041] The decorative panel (22) is provided with an
annular outlet (26) in an approximately rectangular shape
which surrounds the inlet (23). As illustrated in FIG. 4,
the outlet (26) is divided into four main outlet openings
(24a to 24d) (which correspond to outlet openings) and
four auxiliary outlet openings (25a to 25d).
[0042] Each of the main outlet openings (24a to 24d)
has an elongated shape which corresponds to the cross
section of each of the main outlet paths (34a to 34d). The
main outlet openings (24a to 24d) are disposed along
the four sides of the decorative panel (22). Each side of
the decorative panel (22) is provided with one main outlet
opening.
[0043] The outlet openings (24a to 24d) of the deco-
rative panel (22) correspond to the main outlet paths (34a
to 34d) of the drain pan (33) on a one-on-one basis. Each
of the main outlet openings (24a to 24d) communicates
with a corresponding one of the main outlet paths (34a
to 34d). That is, the first main outlet opening (24a) com-
municates with the first main outlet path (34a). The sec-
ond main outlet opening (24b) communicates with the

second main outlet path (34b). The third main outlet
opening (24c) communicates with the third main outlet
path (34c). The fourth main outlet opening (24d) commu-
nicates with the fourth main outlet path (34d).
[0044] Each of the auxiliary outlet openings (25a to
25d) is in the shape of a quarter of a circle. The auxiliary
outlet openings (25a to 25d) are disposed at the four
corners of the decorative panel (22). Each corner of the
decorative panel (22) is provided with one auxiliary outlet
opening. The auxiliary outlet openings (25a to 25d) of
the decorative panel (22) correspond to the auxiliary out-
let paths (35a to 35d) of the drain pan (33) on a one-on-
one basis. Each of the auxiliary outlet openings (25a to
25d) communicates with a corresponding one of the aux-
iliary outlet paths (35a to 35d). That is, the first auxiliary
outlet opening (25a) communicates with the first auxiliary
outlet path (35a). The second auxiliary outlet opening
(25b) communicates with the second auxiliary outlet path
(35b). The third auxiliary outlet opening (25c) communi-
cates with the third auxiliary outlet path (35c). The fourth
auxiliary outlet opening (25d) communicates with the
fourth auxiliary outlet path (35d).

<Airflow Direction Adjusting Flap>

[0045] As illustrated in FIG. 4, each of the main outlet
openings (24a to 24d) is provided with an airflow direction
adjusting flap (51). The airflow direction adjusting flap
(51) is a member which adjusts the direction of supply
airflow (that is, the direction of air coming from the main
outlet openings (24a to 24d)).
[0046] The airflow direction adjusting flap (51) changes
the direction of supply airflow upward and downward.
That is, the airflow direction adjusting flap (51) changes
the direction of supply airflow such that the angle between
the direction of supply airflow and the horizontal direction
changes.
[0047] The airflow direction adjusting flap (51) has an
elongated plate-like shape extending from one longitu-
dinal end to the other longitudinal end of the main outlet
opening (24a to 24d) formed in the decorative panel (22).
As illustrated in FIG. 3, the airflow direction adjusting flap
(51) is supported on a support member (52) so as to be
rotatable about its own central shaft (53) extending in the
longitudinal direction thereof. The airflow direction ad-
justing flap (51) is curved such that its lateral cross sec-
tion (a cross section taken in a direction orthogonal to
the longitudinal direction) forms a convex shape in a di-
rection away from the central shaft (53) of swing move-
ment.
[0048] As illustrated in FIG. 4, a drive motor (54) is
coupled to each airflow direction adjusting flap (51). The
airflow direction adjusting flap (51) is activated by the
drive motor (54) and rotates in a predetermined angle
range about the central shaft (53). Although described in
detail later, the airflow direction adjusting flap (51) can
move to an airflow blocking position where the airflow
direction adjusting flap (51) interrupts the flow of air pass-
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ing through the main outlet opening (24a to 24d). The
airflow direction adjusting flap (51) also functions as an
airflow inhibition mechanism (50) which inhibits the sup-
ply airflow through the main outlet opening (24a to 24d).

<Suction Temperature Sensor>

[0049] As illustrated in FIG. 3, the suction temperature
sensor (81) is disposed near the inlet (23). The suction
temperature sensor (81) senses a suction temperature
of air being sucked into the casing body (21) through the
inlet (23).

<Indoor Controller>

[0050] The indoor controller (90) is comprised of a
memory and a CPU, and controls the behavior of the
indoor unit (10). As illustrated in FIG. 5, the indoor con-
troller (90) is connected to the suction temperature sen-
sor (81), the drive motor (54) of each airflow direction
adjusting flap (51), and the indoor fan motor (31a) of the
indoor fan (31). With the CPU reading and executing var-
ious programs stored in the memory, the indoor controller
(90) functions as a load detector (91) and a motor con-
troller (92) (which corresponds to a controller). The motor
controller (92) includes an airflow direction controller (93)
which controls the drive motors (54) to control the direc-
tion of airflow coming from the main outlet openings (24a
to 24d), and a rotational speed controller (94) which con-
trols the indoor fan motor (31a).
[0051] The load detector (91) detects a load of the in-
door space (500) based on the suction temperature of
air detected by the suction temperature sensor (81). The
load of the indoor space (500) is detected by the load
detector (91) particularly in the heating operation. Spe-
cifically, the load detector (91) detects the load of the
indoor space (500) based on a difference between a set
temperature for the indoor space (500) in the heating
operation and the result (i.e., the suction temperature)
detected by the suction temperature sensor (81). The
greater the difference is, the higher the load of the indoor
space (500) detected in the heating operation is. The
smaller the difference is, the lower the load of the indoor
space (500) detected in the heating operation is. When
this difference is greater than a predetermined value, the
load detector (91) detects that the indoor space (500) is
in a high load state in which the load of the indoor space
(500) is higher than the predetermined value. On the oth-
er hand, when the difference is smaller than the prede-
termined value, the load detector (91) detects that the
indoor space (500) is in a low load state in which the load
of the indoor space (500) is lower than the predetermined
value.
[0052] Note that the term "heating operation" used in
the present first embodiment includes supplying warm
air into the indoor space (500) through the operation of
a compressor (not shown) and the indoor fan (31), and
also includes a state in which the operation of the com-

pressor is temporarily stopped while keeping the opera-
tion of the indoor fan (31) (i.e., a circulation operation).
[0053] The airflow direction controller (93) actuates
each of the drive motors (54) to control the positions of
the airflow direction adjusting flaps (51) independently
from one another. Details about the control of the airflow
direction controller (93) will be described in "-Control Op-
eration of Airflow Direction Controller-."
[0054] The rotational speed controller (94) controls the
rotational speed of the indoor fan (31) by control of the
indoor fan motor (31a).

-Airflow in Indoor Unit-

[0055] The indoor fan (31) rotates during an operation
of the indoor unit (10). Rotation of the indoor fan (31)
causes the indoor air of the indoor space (500) to flow in
the primary space (21c) of the casing (20) through the
inlet (23). The air which has flowed in the primary space
(21c) is drawn into the secondary space (21d) by the
indoor fan (31).
[0056] The air which has flowed in the secondary
space (21d) is cooled or heated while passing through
the indoor heat exchanger (32), and then flows separate-
ly into the four main outlet paths (34a to 34d) and four
auxiliary outlet paths (35a to 35d). The air which has
flowed in the main outlet paths (34a to 34d) is supplied
to the indoor space (500) through the main outlet open-
ings (24a to 24d). The air which has flowed in the auxiliary
outlet paths (35a to 35d) is supplied to the indoor space
(500) through the auxiliary outlet openings (25a to 25d).
[0057] That is, the indoor fan (31) generates the flow
of air coming into the casing body (21) from the indoor
space (500) through the inlet (23) and supplied back into
the indoor space (500) through the outlet (26).
[0058] In the indoor unit (10) performing a cooling op-
eration, the indoor heat exchanger (32) serves as an
evaporator to cool the air while the air passes through
the indoor heat exchanger (32). On the other hand, in
the indoor unit (10) performing a heating operation, the
indoor heat exchanger (32) serves as a condenser to
heat the air while the air passes through the indoor heat
exchanger (32).

-Movement of Airflow Direction Adjusting Flap-

[0059] As described earlier, the airflow direction ad-
justing flap (51) rotates about the central shaft (53), there-
by changing the direction of supply airflow. The airflow
direction adjusting flap (51) is movable between a hori-
zontal airflow position illustrated in FIG. 6 and a down-
ward airflow position illustrated in FIG. 7. The airflow di-
rection adjusting flap (51) may further rotate from the
downward airflow position illustrated in FIG. 7 and move
to an airflow blocking position illustrated in FIG. 8.
[0060] When the airflow direction adjusting flap (51) is
in the horizontal airflow position illustrated in FIG. 6, the
downward direction of the air coming from the main outlet
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path (34a to 34d) is changed to a lateral direction, and
the supply airflow coming from the main outlet opening
(24a to 24d) is horizontal. In this case, the direction of
supply airflow through the main outlet opening (24a to
24d) (that is, the direction of air coming from the main
outlet opening (24a to 24d)) is set to be about 25° from
the horizontal direction. That is, strictly saying, the direc-
tion of the supply airflow is angled slightly downward from
the horizontal direction, but substantially the same as the
horizontal direction. The horizontal supply airflow allows
the air coming from the main outlet opening (24a to 24d)
to reach a wall (502) of the indoor space (500).
[0061] When the airflow direction adjusting flap (51) is
in the downward airflow position illustrated in FIG. 7, the
downward direction of the air coming from the main outlet
path (34a to 34d) is maintained substantially as it is, and
the supply airflow coming from the main outlet opening
(24a to 24d) is directed downward. In this case, strictly
saying, the direction of the supply airflow is slightly angled
from the vertical direction, that is, obliquely downward,
away from the inlet (23).
[0062] When the airflow direction adjusting flap (51) is
in the airflow blocking position illustrated in FIG. 8, a large
portion of the main outlet opening (24a to 24d) is closed
by the airflow direction adjusting flap (51), and the down-
ward direction of the air coming from the main outlet path
(34a to 34d) is changed toward the inlet (23). In this case,
the pressure loss of the air passing through the main
outlet opening (24a to 24d) increases, and the flow rate
of the air passing through the main outlet opening (24a
to 24d) decreases. Further, since the air is supplied to-
ward the inlet (23) from the main outlet opening (24a to
24d), the air coming from the main outlet opening (24a
to 24d) is immediately sucked in the inlet (23). That is,
substantially no air is supplied to the indoor space (500)
through the main outlet opening (24a to 24d) when the
airflow direction adjusting flap (51) is in the airflow block-
ing position.

-Control Operation of Airflow Direction Controller-

<Basic Airflow in Heating Operation>

[0063] First, basic control operation of the airflow di-
rection controller (93) of the first embodiment will be de-
scribed.
[0064] When the load detector (91) detects in the heat-
ing operation that the load of the indoor space (500) is
high, the airflow direction controller (93) controls the air-
flow direction adjusting flap (51) such that the airflow di-
rection coming from the main outlet opening (24a to 24d)
is horizontal (i.e., a horizontal airflow mode).
[0065] Heating operation is performed when the out-
side air temperature is relatively low such as in winter.
In such a situation, cold air may enter the indoor space
(500) from near the walls of the indoor space (500). This
phenomenon should be remarkable when the load of the
indoor space (500) is high. To address this phenomenon,

in the first embodiment, the air coming from the main
outlet opening (24a to 24d) is guided to flow in the hori-
zontal direction by the airflow direction adjusting flap (51)
when the load of the indoor space (500) is high in the
heating operation. As a result, the relatively warm air
coming from the main outlet opening (24a to 24d) reaches
the wall (502) of the indoor space (500) and flows down
along the wall (502). The wall (502) of the indoor space
(500) is warmed by the air, and the temperature of the
wall (502) of the indoor space (500) increases. The air
which has reached the wall (502) blocks the cold air from
entering the indoor space (500) from the wall (502). Con-
sequently, the difference in temperature between a cen-
tral portion and a peripheral portion (near the wall) of the
indoor space (500) becomes small.
[0066] Further, in the first embodiment, when the load
of the indoor space (500) is detected high in the heating
operation (i.e., in the horizontal airflow mode), the speed
of the air coming from the main outlet opening (24a to
24d) is also controlled to be higher than when the load
of the indoor space (500) is low (i.e., in a usual airflow
mode) in the heating operation.
[0067] Example methods for increasing the speed of
the air include the following three methods (I) to (III):

(I) The airflow direction controller (93) sets any of
the four airflow direction adjusting flaps (51) to the
airflow blocking position illustrated in FIG. 8.
(II) The rotational speed controller (94) controls the
rotational speed of the indoor fan (31) to be higher
than when the load of the indoor space (500) is low.
(III) The airflow direction controller (93) sets any of
the airflow direction adjusting flaps (51) to the airflow
blocking position illustrated in FIG. 8, and the rota-
tional speed controller (94) sets the rotational speed
of the indoor fan (31) at a higher rotational speed
than when the load of the indoor space (500) is low.

[0068] In the method (I), the airflow direction adjusting
flap (51) of, for example, one main outlet opening (24a)
is set to the airflow blocking position, and the airflow di-
rection adjusting flaps (51) of the other main outlet open-
ings (24b to 24d) are set to be horizontal (i.e., the hori-
zontal airflow position). That is, according to the method
(I), the total opening area of the main outlet openings
(24a to 24d) is smaller than when the load of the indoor
space (500) is low in the heating operation. In this case,
substantially no air is supplied to the indoor space (500)
from the main outlet opening (24a). However, air is sup-
plied to the indoor space (500) from the other main outlet
openings (24b to 24d) substantially in the horizontal di-
rection at a higher speed than when the air is supplied
from all the main outlet openings (24a to 24d).
[0069] According to the method (II), the rotational
speed of the indoor fan (31) is increased. Thus, needless
to say, air is supplied at an increased speed substantially
in the horizontal direction from the main outlet openings
(24a to 24d) set to the horizontal airflow position.

11 12 



EP 3 346 202 A1

8

5

10

15

20

25

30

35

40

45

50

55

[0070] The method (III) employs both methods (I) and
(II). In this case, air is supplied horizontally at a higher
speed than in the methods (I) and (II) through the main
outlet openings (24a to 24d) provided with the airflow
direction adjusting flaps (51) taking the horizontal airflow
position.
[0071] The higher speed of the air that is increased by
either one of the methods (I) to (III) contributes to reliably
delivering the relatively warm air to the vicinity of the wall
of the indoor space (500). As a result, the wall (502) of
the indoor space (500) is warmed more reliably than
when the speed of the air is not increased (that is, in the
usual airflow mode), and the cold air is more reliably
blocked from entering the indoor space (500) from the
wall (502).
[0072] Note that in the heating operation, a usual air-
flow operation, which will be described in the "airflow ro-
tation" below, may be performed when the load of the
indoor space (500) is low (i.e., in the usual airflow mode).
In the usual airflow mode, the airflow direction is horizon-
tal due to the airflow direction adjusting flap (51) taking
the horizontal airflow position. However, the speed of the
air in the usual airflow mode may be controlled to be
slower than in the horizontal airflow mode.

<Example Application of Airflow in Heating Operation: 
Airflow Rotation>

[0073] Now, an example application of the horizontal
airflow mode, described above, will be described.
[0074] In the example application, the airflow direction
controller (93) controls the position of the airflow direction
adjusting flap (51) such that the indoor unit (10) can carry
out a usual airflow operation, a first airflow operation, and
a second airflow operation, which will be described later.
The airflow direction controller (93) also controls the po-
sitions of the airflow direction adjusting flaps (51) of the
main outlet openings (24a to 24d) such that the indoor
unit (10) carries out an airflow rotation illustrated in FIG.
9. As illustrated in FIG. 9, a first-time usual airflow oper-
ation, a first airflow operation, a second-time usual airflow
operation, and a second airflow operation are sequen-
tially performed in a single cycle of the airflow rotation.
That is, in a single cycle of the airflow rotation, the usual
airflow operation is performed twice; the first airflow op-
eration is performed once; and the second airflow oper-
ation is performed once.
[0075] Note that the rotational speed of the indoor fan
(31) is kept substantially constant during the airflow ro-
tation. An example case will be described below in which
the method (I) is employed as a method for increasing
the speed of the air during the airflow rotation.
[0076] In the following description, for convenience of
explanation, the second and fourth main outlet openings
(24b) and (24d) along the two sides of the decorative
panel (22) facing each other are called "first opening
(24X)" and the first and third main outlet openings (24a)
and (24c) are called "second opening (24Y)" as illustrated

in FIGS. 1, 4, and 9.
[0077] In the usual airflow operation in the heating op-
eration, the airflow direction controller (93) sets the air-
flow direction adjusting flaps (51) of all the main outlet
openings (24a to 24d) to the downward airflow position.
Thus, the air is supplied downward from the four main
outlet openings (24a to 24d) in the usual airflow operation
in the heating operation.
[0078] In the first airflow operation in the heating op-
eration, the airflow direction controller (93) sets the air-
flow direction adjusting flaps (51) of the two main outlet
openings (24b, 24d) which form the first opening (24X)
to the horizontal airflow position, and sets the airflow di-
rection adjusting flaps (51) of the two main outlet open-
ings (24a, 24c) which form the second opening (24Y) to
the airflow blocking position. Thus, the air is supplied to
the indoor space (500) from the second and fourth main
outlet openings (24b) and (24d), and substantially no air
is supplied to the indoor space (500) from the first and
third main outlet openings (24a) and (24c). The speed of
air coming from the second and fourth main outlet open-
ings (24b) and (24d) is higher than the speed of air in the
usual airflow operation. Thus, in the first airflow opera-
tion, the air is supplied substantially horizontally from the
second and fourth main outlet openings (24b) and (24d)
at a higher flow speed than in the usual airflow operation.
[0079] In the second airflow operation in the heating
operation, the airflow direction controller (93) sets the
airflow direction adjusting flaps (51) of the two main outlet
openings (24a, 24c) which form the second opening
(24Y) to the horizontal airflow position, and sets the air-
flow direction adjusting flaps (51) of the two main outlet
openings (24b, 24d) which form the first opening (24X)
to the airflow blocking position. Thus, the air is supplied
to the indoor space (500) from the first and third main
outlet openings (24a) and (24c), and substantially no air
is supplied to the indoor space (500) from the second
and fourth main outlet openings (24b) and (24d). The
speed of air coming from the first and third main outlet
openings (24a) and (24c) is higher than the speed of air
in the usual airflow operation. Thus, in the second airflow
operation, the conditioned air is supplied substantially
horizontally from the first and third main outlet openings
(24a) and (24c) at a higher flow speed than in the usual
airflow operation.
[0080] Note that the air is supplied from the auxiliary
outlet openings (25a to 25d) in all of the usual airflow
operation, the first airflow operation, and the second air-
flow operation.
[0081] In the single cycle, illustrated in FIG. 9, of the
airflow rotation in the heating operation, the first-time usu-
al airflow operation, the first airflow operation, the sec-
ond-time airflow operation, and the second airflow oper-
ation have the same duration time (e.g., 120 seconds).
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<Temperature Distribution of Indoor Space in Heating 
Operation>

[0082] Temperature distribution of the indoor space
(500) in the heating operation will be described with ref-
erence to FIG. 10.
[0083] FIG. 10 illustrates results of simulation of the
temperature distribution of the indoor space (500) during
the heating operation of the indoor unit (10). FIG. 10 il-
lustrates temperatures at a height of 60 cm above the
floor surface of the indoor space (500) after 20 minutes
from the start of the heating operation of the indoor unit
(10). In FIG. 10, higher temperatures are illustrated by a
higher density of hatching.
[0084] Note that such a room as follows is used as a
simulation target room which has approximately a square
floor surface and is furnished with two long desks (511)
arranged parallel to each other with a partition (510) pro-
vided at a middle portion of each desk. The indoor unit
(10) is located at approximately a center of the ceiling of
the indoor space (500).
[0085] First, temperature distribution of the indoor
space (500) provided with a known indoor unit (610) will
be described with reference to FIG. 10A.
[0086] In a heating operation, the known indoor unit
(610) sets the airflow direction adjusting flaps (51) of all
the main outlet openings (24a to 24d) to the downward
airflow position. The known indoor unit (610) supplies air
which has been heated while passing through the indoor
heat exchanger (32) substantially toward the floor sur-
face from all the main outlet openings (24a to 24d).
[0087] As illustrated in FIG. 10A, a central region of
the indoor space (500) under the indoor unit (610) has a
very high temperature. This may be because the warm
conditioned air supplied downward from the indoor unit
(610) remains in the central region of the indoor space
(500) in between the two partitions (510).
[0088] On the other hand, the temperature is not suf-
ficiently increased in a peripheral region of the indoor
space (500) apart from the indoor unit (610). This may
be because the warm conditioned air supplied downward
from the indoor unit (610) could not reach the region near
the walls (502) over the partitions (510).
[0089] Now, temperature distribution of the indoor
space (500) provided with the indoor unit (10) of the first
embodiment will be described with reference to FIG. 10B.
The indoor unit (10) carries out the airflow rotation de-
scribed above as an example application.
[0090] In the usual airflow operation, the warm condi-
tioned air supplied downward from the indoor unit (10) is
supplied to a central region of the indoor space (500) in
between the two partitions (510). Thus, the temperature
increases in the central region of the indoor space (500)
under the indoor unit (10). However, since the usual air-
flow operation is performed intermittently, the tempera-
ture in the central region of the indoor space (500) does
not increase excessively.
[0091] On the other hand, in the first and second airflow

operations, the warm conditioned air is supplied from the
indoor unit (10) at a higher flow speed than in the usual
airflow operation in substantially the horizontal direction.
Thus, in the first and second airflow operations, the warm
conditioned air supplied from the indoor unit (10) reaches
the wall (502) of the indoor space (500) over the partitions
(510). The temperature therefore increases in the periph-
eral region, too, of the indoor space (500) apart from the
indoor unit (10).
[0092] In the first and second airflow operations, the
warm conditioned air supplied from the indoor unit (10)
reaches the wall (502) of the indoor space (500) and flows
down along the wall (502). The wall (502) of the indoor
space (500) is warmed by the conditioned air. The tem-
perature of the wall (502) of the indoor space (500) in-
creases accordingly. The temperature in the peripheral
region of the indoor space (500) is less likely to drop due
to the wall (502) warmed by the conditioned air.
[0093] The airflow rotation in the heating operation
greatly reduces the difference in the temperature be-
tween the central and peripheral regions of the indoor
space (500), compared to the case where the known in-
door unit (610) performs the heating operation.

<Airflow In Cooling Operation>

[0094] In the cooling operation, the airflow direction
controller (93) sets the airflow direction adjusting flaps
(51) of, for example, all the main outlet openings (24a to
24d) to alternately take the horizontal airflow position and
the downward airflow position. Thus, airflow of the rela-
tively cool air supplied from the main outlet openings (24a
to 24d) changes according to the movement of each of
the airflow direction adjusting flaps (51).

-Advantages of First Embodiment-

[0095] The indoor unit (10) of the first embodiment sup-
plies the air to the indoor space (500) in the horizontal
direction when the load of the indoor space (500) in the
heating operation is high (i.e., in the horizontal airflow
mode). The relatively warm air can therefore reach the
vicinity of the wall of the indoor space (500) from where
cold air is likely to enter the indoor space (500). The rel-
atively warm air blocks the cold air from coming into the
indoor space (500) from near the wall. Entrance of cold
air into the indoor space (500) from near the wall can be
avoided in this manner. Consequently, the difference in
temperature between a central portion and a peripheral
portion (near the wall) of the indoor space (500) becomes
small.
[0096] In the first embodiment, the load of the indoor
space (500) in the heating operation is determined by
the difference between the set temperature and the suc-
tion temperature. This means that the load of the indoor
space (500) in the heating operation can be determined
by a simple method.
[0097] Further, in the first embodiment, when the load
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of the indoor space (500) is detected high in the heating
operation (i.e., in the horizontal airflow mode), the speed
of the air coming from the main outlet opening (24a to
24d) is controlled to be higher than when the load of the
indoor space (500) in the heating operation is low. Thus,
the relatively warm air can reach the vicinity of the wall
more easily. Entrance of cold air into the indoor space
(500) from near the wall can be avoided more reliably.
[0098] Like the method (I) described above, reducing
the total opening area of the main outlet openings (24a
to 24d) can be one of example methods for increasing
the speed of air. According to this method, the speed of
air can be easily increased.
[0099] The method (I) can be carried out by the airflow
direction adjusting flap (51) configured to be movable to
the position where the flow of air is inhibited. This con-
figuration allows the air to be supplied at a higher speed
by reducing the total opening area of the main outlet
openings (24a to 24d) without any other mechanism for
inhibiting the flow of air provided independently of the
airflow direction adjusting flap (51).
[0100] Like the method (II) described above, increas-
ing the rotational speed of the indoor fan (31) can be one
of example methods for increasing the speed of air. Ac-
cording to this method, as well, the speed of air can be
easily increased.
[0101] The method (III) described above can also be
employed as one of example methods for increasing the
speed of air. According to the method (III), the flow of air
can be increased more reliably.

-First Variation of First Embodiment-

[0102] The indoor unit (10) is not limited to the ceiling
embedded type. The indoor unit (10) may be of a ceiling
suspended type or of a wall hanging type. Whatever the
type of the indoor unit (10) is, the direction of air coming
from the main outlet opening (24a to 24d) may be suitably
determined so that the air reaches the vicinity of the wall
of the indoor space (500) when the load of the indoor
space (500) is high in the heating operation. Thus, in the
ceiling mounted type and the wall hanging type, the air-
flow direction controller (93) may control the airflow di-
rection adjusting flap (51) such that the air coming from
the main outlet opening (24a to 24d) is directed upward
with respect to the horizontal direction (for example, such
that the airflow direction adjusting flap (51) is angled 25°
upward with respect to the horizontal direction) when the
load of the indoor space (500) is high in the heating op-
eration. For example, the air coming from the main outlet
opening (24a to 24d) may be supplied upward with re-
spect to the horizontal direction using the Coanda effect.

-Second Variation of First Embodiment-

[0103] The angle of the airflow direction adjusting flap
(51), while taking the horizontal airflow position, with re-
spect to the horizontal direction may be finely adjusted

as necessary, according to the distance from the location
of the indoor unit (10) and the wall surface of the indoor
space (500), so that the air coming from the main outlet
opening (24a to 24d) can reach the vicinity of the wall of
the indoor space (500). The distance from the location
of the indoor unit (10) to the wall surface of the indoor
space (500) may be input to the indoor controller (90) at
the installation of the indoor unit (10) in the indoor space
(500) by a worker who installs the indoor unit (10). Alter-
natively, a sensor for detecting the distance may be at-
tached to the indoor unit (10) in advance.

-Third Variation of First Embodiment-

[0104] The load detector (91) may use, when detecting
the load of the indoor space (500), a value corrected from
the detection result of the suction temperature sensor
(81) without using the detection result itself of the suction
temperature sensor (81). Thus, the load detector (91)
can detect an accurate load of the indoor space (500).
This method is effective when the air coming from the
main outlet opening (24a to 24d) and the auxiliary outlet
opening (25a to 25d) does not circulate in the indoor
space (500) and is directly drawn into the casing (20)
through the inlet (23).

-Fourth Variation of First Embodiment-

[0105] The method for detecting the load of the indoor
space (500) in the heating operation is not limited to the
method using the set temperature and the detection re-
sult of the suction temperature sensor (81). For example,
the load detector (91) may detect the load of the indoor
space (500) in the heating operation, using a mean value
of the detection result of the suction temperature sensor
(81) and a floor temperature of the indoor space (500).
In this case, not the detection result itself of the suction
temperature sensor (81), but a value corrected from the
detected result of the suction temperature sensor (81)
may be used.
[0106] The load of the indoor space (500) in the heating
operation may be determined from a wall surface load or
a floor surface load of the indoor space (500).
[0107] The load of the indoor space (500) in the heating
operation may be detected at predetermined intervals,
or may be detected when a user of the indoor space (500)
sends an instruction via a remote controller.

-Fifth Variation of First Embodiment-

[0108] The load of the indoor space (500) in the heating
operation may be detected by using a detection result,
or a corrected value of the detection result, of a sensor
provided separately in the indoor space (500) for detect-
ing a room temperature, instead of the suction tempera-
ture sensor (81). Types of the sensor provided separately
for detecting a room temperature may include not only a
wired communication sensor, but also a wireless com-
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munication sensor.

-Sixth Variation of First Embodiment-

[0109] The number of main outlet openings (24a to
24d) is not limited to four. For example, one or two main
outlet openings may be provided.

-Seventh Variation of First Embodiment-

[0110] The indoor unit (10) may have a shutter for clos-
ing the main outlet opening (24a to 24d) in addition to
the airflow direction adjusting flap (51) as an airflow in-
hibition mechanism. Preferably, in this case, the airflow
inhibition mechanism is provided to correspond to each
of the main outlet openings (24a to 24d). For example,
the airflow inhibition mechanism may be configured as
an open/close shutter.

-Eighth Variation of First Embodiment-

[0111] The airflow rotation in the heating operation de-
scribed above (as an example application) is not limited
to such rotation as illustrated in FIG. 9. For example, the
airflow rotation may be carried out by repeating the usual
airflow operation, the first airflow operation, and the sec-
ond airflow operation in a sequential manner.

-Ninth Variation of First Embodiment-

[0112] The first and second airflow operations of the
airflow rotation (an example application) may be carried
out by supplying the air to the indoor space (500) from
two main outlet openings (24a to 24d) arranged next to
each other, and setting the airflow direction adjusting
flaps (51) of the other two main outlet openings (24a to
24d) arranged next to each other to the airflow blocking
position.

-Tenth Variation of First Embodiment-

[0113] It is not essential to carry out the control to in-
crease the speed of air. In carrying out the control to
increase the speed of air, methods except the methods
(I) to (III) described above may be employed.
[0114] Thus, as a method for increasing the speed of
air in the airflow rotation, the method (II) or (III) may be
employed instead of the method (I), or any other method
besides the methods (I) to (III) may be employed.

-Eleventh Variation of First Embodiment-

[0115] The duration time of the operations in the airflow
rotation does not have to be the same (e.g., 120 sec-
onds), but may be different among the operations.

-Twelfth Variation of First Embodiment-

[0116] If the method (I) or (III) is employed as the con-
trol to increase the speed of air, the airflow direction ad-
justing flap (51) may close the corresponding main outlet
opening (24a to 24d) completely, instead of taking the
airflow blocking position in FIG. 8.

«Second Embodiment»

[0117] The first embodiment has described a case in
which the load of the indoor space (500) is automatically
detected by the load detector (91), and according to the
detection result, the airflow direction adjusting flap (51)
takes the horizontal airflow position. A second embodi-
ment will describe a case in which the airflow direction
adjusting flap (51) takes the horizontal airflow position
when a person in the room sends such an instruction via
a remote controller (201).

-Configuration of Indoor Unit-

[0118] Similarly to the indoor unit of the first embodi-
ment, an indoor unit (10) according to the second em-
bodiment supplies air to the indoor space (500). The in-
door unit (10) according to the second embodiment has
a casing (20) (which corresponds to an indoor casing),
an indoor fan (31), an indoor heat exchanger (32), a drain
pan (33), a bell mouth (36), an airflow direction adjusting
flap (51), an indoor controller (90), and a remote controller
(201) (which corresponds to a receiver). As illustrated in
FIG. 11, the indoor controller (90) is connected to a drive
motor (54) of each airflow direction adjusting flap (51),
and an indoor fan motor (31a) of the indoor fan (31), and
further to the remote controller (201). The indoor control-
ler (90) functions as a motor controller (92) (which cor-
responds to a controller) having an airflow direction con-
troller (93) and a rotational speed controller (94).
[0119] That is, as explicitly illustrated in FIG. 11, the
indoor unit (10) of the second embodiment does not have
to be provided with the suction temperature sensor (81)
of the first embodiment. The indoor controller (90) does
not function as the load detector (91) of the first embod-
iment.
[0120] Note that the casing (20), the indoor fan (31),
the indoor heat exchanger (32), the drain pan (33), the
bell mouth (36), and the airflow direction adjusting flap
(51) of the second embodiment are the same as, or sim-
ilar to, those of the first embodiment.
[0121] Specifically, the casing (20) is comprised of a
casing body (21) and a decorative panel (22), and is pro-
vided with a plurality of outlet openings (24a to 24d and
25a to 25d) and a single inlet (23). The indoor fan (31)
generates the flow of air coming into the casing body (21)
from the indoor space (500) through the inlet (23) and
supplied back into the indoor space (500) through the
outlet openings (24a to 24d and 25a to 25d). The indoor
heat exchanger (32) allows the air drawn into the casing
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(20) to exchange heat with refrigerant. The drain pan (33)
receives drain water generated in the indoor heat ex-
changer (32). The bell mouth (36) guides the air which
has flowed in the casing (20) to the indoor fan (31). The
airflow direction adjusting flap (51) is provided at a cor-
responding one of the main outlet openings (24a to 24d),
and changes the direction of airflow coming from the main
outlet opening (24a to 24d) in the vertical direction.
[0122] Detailed description about the airflow in the in-
door unit and the movement of the airflow direction ad-
justing flap will be omitted since the description is the
same as, or similar to, "-Airflow in The Indoor Unit-" and
"-Movement of Airflow Direction Adjusting Flap-" in the
first embodiment.

<Remote Controller>

[0123] The remote controller (201) is attached, for ex-
ample, to the wall (502) of the indoor space (500), and
is connected to the indoor controller (90) such that wired
or wireless communication can be established with the
indoor controller (90). The remote controller (201) re-
ceives an instruction from a person in the room. That is,
the person in the room can adjust various settings of the
air-conditioning device and operating instructions via the
remote controller (201). The remote controller (201)
which has received a setting instruction or an operating
instruction sends the instruction to the indoor controller
(90).
[0124] In particular, the indoor unit (10) of the second
embodiment has a horizontal airflow mode in which air
is supplied intentionally in the horizontal direction. Al-
though not shown, the remote controller (201) has a hor-
izontal airflow mode selecting button for receiving an ex-
ternal instruction selecting the horizontal airflow mode.
When the horizontal airflow mode is selected by the but-
ton, the remote controller (201) informs the the indoor
controller (90) of the selection of the horizontal airflow
mode.
[0125] The horizontal airflow mode may be selected
by the button by a person in the room when the person
has instructed the start of a heating operation via the
remote controller (201) but still feels that the temperature
is lower near the wall of the indoor space (500) than a
central portion of the indoor space (500). That is, the
person in the room may select the horizontal airflow mode
by the button when the person himself/herself feels that
the load of the indoor space (500) is high.

-Control Operation of Airflow Direction Controller-

<Basic Airflow in Heating Operation>

[0126] When the information indicating the selection
of the horizontal airflow mode is transmitted from the re-
mote controller (201) during the heating operation, the
airflow direction controller (93) of the second embodi-
ment controls each of the airflow direction adjusting flaps

(51) such that the airflow direction coming from the main
outlet openings (24a to 24d) is horizontal. That is, the
airflow direction controller (93) sets the airflow direction
adjusting flaps (51) to the horizontal airflow position, so
that the airflow direction coming from the main outlet
openings (24a to 24d) be horizontal, when the person in
the room feels that the load of the indoor space (500) is
high.
[0127] When the information indicating the selection
of the horizontal airflow mode is transmitted from the re-
mote controller (201) during the heating operation, the
motor controller (92) controls the speed of air coming
from the main outlet openings (24a to 24d) to be higher
than when the remote controller (201) does not receive
the selection of the horizontal airflow mode (i.e., when
the horizontal airflow mode is not selected, that is, the
indoor unit is in the usual airflow mode). Example meth-
ods for increasing the speed of the air include the follow-
ing three methods (I) to (III):

(I) The airflow direction controller (93) sets any of
the four airflow direction adjusting flaps (51) to the
airflow blocking position illustrated in FIG. 8. That is,
the airflow direction controller (93) sets the total
opening area of the main outlet openings (24a to
24d) to be smaller than when the horizontal airflow
mode is not selected.
(II) The rotational speed controller (94) controls the
rotational speed of the indoor fan (31) to be higher
than when the horizontal airflow mode is not select-
ed.
(III) The airflow direction controller (93) sets any of
the airflow direction adjusting flaps (51) to the airflow
blocking position, and the rotational speed controller
(94) sets the rotational speed of the indoor fan (31)
to be higher than when the horizontal airflow mode
is not selected.

[0128] These methods (I) to (III) correspond to the
methods (I) to (III) described in the first embodiment. De-
tailed description of these methods (I) to (III) is therefore
omitted.
[0129] As a result, the relatively warm air coming from
the main outlet opening (24a to 24d) reaches the vicinity
of the wall (502) of the indoor space (500) and flows down
along the wall (502). The wall (502) of the indoor space
(500) is reliably warmed by the air, and the temperature
of the wall (502) of the indoor space (500) increases. The
air which has reached the wall (502) blocks the cold air
from entering the indoor space (500) from the wall (502).
Consequently, the difference in temperature between a
central portion and a peripheral portion (near the wall) of
the indoor space (500) becomes small.
[0130] Note that the air may flows downward in the
usual airflow mode. In the usual airflow mode, the airflow
direction is horizontal, but the speed of the air in the usual
airflow mode may be controlled to be slower than in the
horizontal airflow mode.
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<Example Application of Airflow in Heating Operation>

[0131] Example applications of the horizontal airflow
mode in the heating operation of the second embodiment
include the airflow rotation described in the first embod-
iment. That is, when the horizontal airflow mode is se-
lected in the heating operation, the airflow rotation de-
scribed in the first embodiment may be performed. De-
tailed description of the airflow rotation and the descrip-
tion of temperature distribution in the indoor space (500)
will be omitted.
[0132] Airflow in cooling operation is the same as, or
similar to, that of the first embodiment. The explanation
thereof will thus be omitted.

-Advantages of Second Embodiment-

[0133] The indoor unit (10) of the second embodiment
supplies the air to the indoor space (500) in the horizontal
direction when the remote controller (201) receives the
horizontal airflow mode in the heating operation. The hor-
izontal airflow mode is selected by the person in the room
when the person himself/herself feels that the indoor
space (500) is in the so-called high load state. The rela-
tively warm air can therefore reach the vicinity of the wall
of the indoor space (500) from where cold air is likely to
enter the indoor space (500). The relatively warm air
blocks the cold air from coming into the indoor space
(500) from near the wall. Entrance of cold air into the
indoor space (500) from near the wall can therefore be
avoided. Consequently, the difference in temperature be-
tween a central portion and a peripheral portion (near the
wall) of the indoor space (500) becomes small.
[0134] Further, in the second embodiment, when the
remote controller (201) receives the horizontal airflow
mode in the heating operation, the speed of air coming
from the main outlet opening (24a to 24d) is controlled
to be higher than when the remote controller (201) does
not receive the horizontal airflow mode (e.g., the indoor
unit is in the usual airflow mode). Thus, the relatively
warm air can reach the vicinity of the wall more easily.
Entrance of cold air into the indoor space (500) from near
the wall can be avoided more reliably.
[0135] Like the method (I) described above, reducing
the total opening area of the main outlet openings (24a
to 24d) can be one of example methods for increasing
the speed of air. According to this method, the speed of
air can be easily increased.
[0136] The method (I) can be carried out by the airflow
direction adjusting flap (51) configured to be movable to
the position where the flow of air is inhibited. This con-
figuration allows the air to be supplied at a higher speed
by reducing the total opening area of the main outlet
openings (24a to 24d) without any other airflow inhibition
mechanism (50) for inhibiting the flow of air provided in-
dependently of the airflow direction adjusting flap (51).
[0137] Like the method (II) described above, increas-
ing the rotational speed of the indoor fan (31) can be one

of example methods for increasing the speed of air. Ac-
cording to this method, as well, the speed of air can be
easily increased.
[0138] The method (III) described above can be em-
ployed as one of example methods for increasing the
speed of air. According to the method (III), the flow of air
can be increased more reliably.

-First Variation of Second Embodiment-

[0139] The indoor unit (10) is not limited to the ceiling
embedded type. The indoor unit (10) may be of a ceiling
suspended type or of a wall hanging type. Whatever the
type of the indoor unit (10) is, the direction of air coming
from the main outlet opening (24a to 24d) may be suitably
determined so that the air reaches the vicinity of the wall
of the indoor space (500) when the horizontal airflow
mode is selected in the heating operation. Thus, in the
ceiling mounted type and the wall hanging type, the air-
flow direction controller (93) may control the airflow di-
rection adjusting flap (51) such that the air coming from
the main outlet opening (24a to 24d) is directed upward
with respect to the horizontal direction (for example, such
that the airflow direction adjusting flap (51) is angled 25°
upward with respect to the horizontal direction) when the
horizontal airflow mode is selected in the heating oper-
ation. For example, the air coming from the main outlet
opening (24a to 24d) may be supplied upward with re-
spect to the horizontal direction using the Coanda effect.

-Second Variation of Second Embodiment-

[0140] The angle of the airflow direction adjusting flap
(51), while taking the horizontal airflow position, with re-
spect to the horizontal direction may be finely adjusted
as necessary, according to the distance from the location
of the indoor unit (10) and the wall surface of the indoor
space (500), so that the air coming from the main outlet
opening (24a to 24d) can reach the vicinity of the wall of
the indoor space (500). The distance from the location
of the indoor unit (10) to the wall surface of the indoor
space (500) may be input to the indoor controller (90) at
the installation of the indoor unit (10) in the indoor space
(500) by a worker who installs the indoor unit (10). Alter-
natively, a sensor for detecting the distance may be at-
tached to the indoor unit (10) in advance.

-Third Variation of Second Embodiment-

[0141] The number of main outlet openings (24a to
24d) is not limited to four. For example, one or two main
outlet openings may be provided.

-Fourth Variation of Second Embodiment-

[0142] The indoor unit (10) may have a shutter for clos-
ing the main outlet opening (24a to 24d) in addition to
the airflow direction adjusting flaps (51) as an airflow in-
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hibition mechanism. Preferably, in this case, the airflow
inhibition mechanism is provided to correspond to each
of the main outlet openings (24a to 24d). For example,
the airflow inhibition mechanism may be configured as
an open/close shutter.

-Fifth Variation of Second Embodiment-

[0143] It is not essential to carry out the control to in-
crease the speed of air. In carrying out the control to
increase the speed of air, methods except the methods
(I) to (III) described above may be employed.

-Sixth Variation of Second Embodiment-

[0144] The indoor unit (10) may be configured as a
combination of an aspect of the first embodiment, that is,
automatically detecting the load of the indoor space and
taking the horizontal airflow position, and an aspect of
the second embodiment, that is, taking the horizontal air-
flow position in accordance with an instruction from a
person in the room. In this case, the indoor unit (10) may
have an automatic detection mode detecting automati-
cally the load of the indoor space (500) and taking the
horizontal airflow mode, and a manual mode not detect-
ing automatically the load of the indoor space (500) and
taking the horizontal airflow mode in accordance with the
instruction from the person in the room.
[0145] Preferably, the indoor unit (10) may be config-
ured to be switchable between the automatic detection
mode and the manual mode by the person in the room
via the remote controller (201). The indoor unit (10) can
employ the aspect of the first embodiment when the au-
tomatic detection mode is selected, and employ the as-
pect of the second embodiment when the manual mode
is selected.

-Seventh Variation of Second Embodiment-

[0146] If the method (I) or (III) is employed as the con-
trol to increase the speed of air, the airflow direction ad-
justing flap (51) may close the corresponding main outlet
opening (24a to 24d) completely, instead of taking the
airflow blocking position in FIG. 8.
[0147] Note that variations of the airflow rotation are
the same as, or similar to, those described in the first
embodiment.

INDUSTRIAL APPLICABILITY

[0148] As can be seen from the foregoing description,
the present invention is useful as an indoor unit of an air-
conditioning device which supplies air to an indoor space.

DESCRIPTION OF REFERENCE CHARACTERS

[0149]

10 Indoor Unit
20 Casing (Indoor Casing)
24a to 24d Main Outlet Opening (Outlet Opening)
50 Airflow Inhibition Mechanism
51 Airflow Direction Adjusting Flap
81 Temperature Sensor (Temperature Detector)
91 Load Detector
92 Motor Controller (Controller)
201 Remote Controller (Receiver)
500 Indoor Space

Claims

1. An indoor unit of an air-conditioning device which
supplies air to an indoor space (500), the indoor unit
comprising:

an indoor casing (20) provided with outlet open-
ings (24a to 24d);
an airflow direction adjusting flap (51) which is
provided at each of the outlet openings (24a to
24d) and changes a direction of air coming from
the outlet openings (24a to 24d) in a vertical di-
rection;
a load detector (91) which detects a load of the
indoor space (500); and
a controller (92) which controls the airflow direc-
tion adjusting flap (51) when the load of the in-
door space (500) is higher than a predetermined
value in a heating operation, such that the direc-
tion of the air coming from the outlet opening
(24a to 24d) is a horizontal direction or directed
upward from the horizontal direction.

2. The indoor unit of claim 1, wherein
the indoor casing (20) is further provided with an inlet
opening (23),
the indoor unit further comprises a temperature de-
tector (81) which detects a suction temperature of
air sucked into the indoor casing (20) from the inlet
opening (23), and
when the load of the indoor space (500) is higher
than the predetermined value in the heating opera-
tion is when a difference between a set temperature
in the heating operation and the suction temperature
is greater than a predetermined difference.

3. The indoor unit of claim 1 or 2, wherein
when the load of the indoor space (500) is higher
than the predetermined value in the heating opera-
tion, the controller (92) sets a speed of the air coming
from each of the outlet openings (24a to 24d) at a
higher speed than when the load of the indoor space
(500) is lower than the predetermined value in the
heating operation.

4. The indoor unit of claim 3, wherein
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the indoor casing (20) is provided with at least one
of the outlet openings (24a to 24d),
the indoor unit is provided with an airflow inhibition
mechanism (50) which corresponds to the outlet
opening (24a to 24d) and is configured to inhibit flow
of air, and
when the load of the indoor space (500) is higher
than the predetermined value in the heating opera-
tion, the controller (92) controls the airflow inhibition
mechanism (50) such that a total opening area of
the at least one outlet opening (24a to 24d) is smaller
than when the load of the indoor space (500) is lower
than the predetermined value in the heating opera-
tion.

5. The indoor unit of claim 4, wherein
the airflow direction adjusting flap (51) is configured
to be movable to a position where the flow of air is
inhibited, and serves also as the airflow inhibition
mechanism (50).

6. The indoor unit of any one of claims 3 to 5, further
comprising:

an indoor fan (31) which is disposed in the indoor
casing (20) and generates flow of the air coming
from the outlet opening (24a to 24d), wherein
when the load of the indoor space (500) is higher
than the predetermined value in the heating op-
eration, the controller (92) sets a rotational
speed of the indoor fan (31) at a higher speed
than when the load of the indoor space (500) is
lower than the predetermined value in the heat-
ing operation.

7. An indoor unit of an air-conditioning device which
supplies air to an indoor space (500), the indoor unit
comprising:

an indoor casing (20) provided with outlet open-
ings (24a to 24d);
an airflow direction adjusting flap (51) which is
provided at each of the outlet openings (24a to
24d) and changes a direction of air coming from
the outlet openings (24a to 24d) in a vertical di-
rection;
a receiver (201) which can receive an instruction
from a user to select a horizontal airflow mode
in which air is supplied in a horizontal direction
or an upward direction with respect to the hori-
zontal direction, and
a controller (92) which controls the airflow direc-
tion adjusting flap (51) when the receiver (201)
receives the horizontal airflow mode in a heating
operation, such that the direction of the air com-
ing from the outlet opening (24a to 24d) is a hor-
izontal direction or directed upward from the hor-
izontal direction.

8. The indoor unit of claim 7, wherein
when the receiver (201) receives the horizontal air-
flow mode, the controller (92) sets a speed of air
coming from each of the outlet openings (24a to 24d)
at a higher speed than when the receiver (201) does
not receive the horizontal airflow mode.

27 28 



EP 3 346 202 A1

16



EP 3 346 202 A1

17



EP 3 346 202 A1

18



EP 3 346 202 A1

19



EP 3 346 202 A1

20



EP 3 346 202 A1

21



EP 3 346 202 A1

22



EP 3 346 202 A1

23



EP 3 346 202 A1

24



EP 3 346 202 A1

25

5

10

15

20

25

30

35

40

45

50

55



EP 3 346 202 A1

26

5

10

15

20

25

30

35

40

45

50

55



EP 3 346 202 A1

27

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP H1302059 B [0003]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

