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(54) INDOOR AIR CONDITIONER

(57)  Anindoor air conditioner (1) has an upward out-
let (22) and side outlets (23, 24) and capable of provid- Fig. 1
ing a cozy air-conditioned space by improving nonuni-
formity in an indoor temperature distribution, wherein,
in cooling operation, the ratio of a left-side blown-off air
volume (SC,) to an upward blown-off air volume (UC)
and to a right-side blown-off air volume (SC,) is set to
SC4:UC:SC,=1:2:1t0 1:4:1, and in a heating operation,
the ratio of a left-side blown-off air volume (SW,) to an
upward blown-off air volume (UW) and to a right-side
blown-off air volume (SW,) is set to SW{:UW:SW, = 2:
1:2to 1:1:1.
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Description
TECHNICAL FIELD

[0001] The present invention relates to an indoor air
conditioner disposed inside of a room, and more specif-
ically relates to an indoor air conditioner having upward
and side outlets.

BACKGROUND ART

[0002] In cooling or heating indoor air by an indoor air
conditioner, various attempts have been made to pro-
vide the entire indoor air with uniform temperature dis-
tribution. However, they have not yet reached to the lev-
el of sufficient satisfaction.

[0003] One conventional example of the above-stated
attempts is described in Japanese Patent Laid-Open
Publication No. 2000-346392 which one of the appli-
cants of the present invention formerly filed. In this ap-
plication, air is blown off from upward and side portions
of a main unit of an indoor air conditioner so as to de-
crease local nonuniformity of temperature distribution in
the vicinity of a wall or window, and decrease vertical
difference in indoor temperature distribution.

DISCLOSURE OF THE INVENTION

[0004] The present invention takes a new standpoint
of controlling the volume of air blown off from the indoor
air conditioner into upward and side directions so as to
solve a problem of temperature nonuniformity during in-
door cooling and heating operations, and thus to provide
an air-conditioned environment as cozy as possible.
[0005] As shown in Fig. 1, the indoor air conditioner
of the present invention is composed of air outlets 22,
23, 24 disposed on an upper face 12 and one or both
side faces 13, 14 of the main unit, and provided with an
air volume control means for controlling the volume of
air blown off from the upward outlet 22 and from the side
outlets 23, 24.

[0006] Swing flaps 32 and shutters 33 for increasing
or decreasing air passage areas at the air outlets are
used as means for controlling the air volume.

[0007] The present invention is directed to improve
nonuniformity of temperature distribution in indoor cool-
ing and heating operations controlling the volume of air
blown off from the upward and side outlets of the indoor
air conditioner so as to provide an air-conditioned envi-
ronment as cozy as possible. For indicating a degree of
conformability of air conditioning environment, there are
used two indexes: PMV (Predicted Mean Vote) index
and PPD (Predicted Percentage of Dissatisfied) index,
both of which are designated in the ISO standards.
[0008] The PMV index has four elements regarding
environment: temperature, humidity, airflow and radia-
tion, and two elements regarding human: metabolic
quantity and clothing quantity. Values of the PMV index
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corresponds to thermal senses. The PMV value +3 is
"hot", +2 is "warm", +1 is "warmish", 0 is "neither hot
nor cold", -1 is "coolish", -2 is "cool", and -3 is "cold". In
the ISO standards, it is recommended that the PMV in-
dex falls within "the range of -0.5 to +0.5." Therefore, in
the present invention, "the range of -0.5 to +0.5" has
been adopted as a preferable PMV index range.
[0009] The PPD index is defined as "an index for
quantitatively predicting the percentage of people who
feel thermally dissatisfied during staying in a given en-
vironment." The ISO standards state that the PPD index
is desirably 10% or less for coziness in a residential en-
vironment of human beings.

[0010] In the present invention, a later-described
"PMV cozy zone occupancy" is used in a cooling oper-
ation when setting a ratio of an upward blown-off air vol-
ume to a side blown-off air volume. Also, a "vertical tem-
perature difference" is used in a cooling operation when
setting a blown-off angle of side air.

[0011] In a heating operation, a "PPD index" is used
when setting a ratio of an upward blown-off air volume
to a side blown-off air volume and setting a blown-off
angle of side air.

[0012] Itis noted thatthe "PMV cozy zone occupancy"
is defined as "a ratio of the zone (cozy zone) where the
PMV index is in the range of -0.5 to +0.5 to an other
residual zone in an air-conditioned space (indoor
space)".

[0013] Under the above-stated condition, description
will be given of control of upward and side blown-off air
quantities in the indoor air conditioner of the present in-
vention.

[0014] Fig. 2 is a graph for setting the ratio of an up-
ward blown-off air volume to a side blown-off air volume
in cooling operation, and shows the relation between the
upward blown-off air volume and the PMV cozy zone
occupancy when the side blown-off air volume is set to
1.

[0015] The graph indicates that the PMV cozy zone
occupancy rises while the ratio of the upward blown-off
air volume to the side blown-off air volume shifts from
1:1 to 4:1, and that thereafter the PMV cozy zone occu-
pancy decreases.

[0016] In the present invention, the range from 2:1 to
4:1 of the blown-off air volume ratio has been adopted
as a preferable range, as a result of comparison be-
tween the above-stated and the PMV cozy zone occu-
pancy of 90% or more in radiator air conditioning oper-
ation.

[0017] This is explained with reference to examples
shown in the drawings. As shown in Figs. 3 and 4, in the
cooling operation, air volume control means is operated
such that the blown-off air volume UC from an upward
outlet is larger than blown-off air volume SC,, SC, from
one or both of side outlets.

[0018] In the case where side blown-off air is blown-
off only from a side outlet in a side face (Fig. 3), the ratio
(air volume ratio) of a blown-off air volume UC from the
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upward outlet to a blown-off air volume SC, or SC, from
a side outlet is preferably in the range of UC:SC, (or
SC,) = 2:1to 4:1. Itis noted that reference numeral 5 in
Fig. 3 denotes a side wall face.

[0019] In the case where side blown-off air S,, S, are
blown-off from side outlets 23, 24 on the left and right
sides (Fig. 4), the preferable ratio range is SC4:UC:SC,
=1:2:1 1o 1:4:1.

[0020] Fig. 5 is a graph for setting a blown-off angle
of side blown-off air in the cooling operation, and shows
the relation between change of a side blown-off angle
and difference of vertical temperature in air-conditioned
space.

[0021] In the present invention, the range within 1.5
°C (the range where the side blown-off angle is not
smaller than -20 degree) has been adopted as a prefer-
able range of the vertical temperature difference in air-
conditioned space during cooling operation.

[0022] Inthe cooling operation, in order to prevent ex-
cessive fall of air temperature in the vicinity of the floor
face, it is preferable for the air volume control means to
have a function of controlling blown-off air so that air
blown-off from the side outlets 23, 24 is blocked and that
air only from the upward outlet is blown off.

[0023] Fig. 6 is a graph for setting the ratio of an up-
ward blown-off air volume to a side blown-off air volume
in the heating operation, and shows the relation be-
tween side air volume and PPD index when upward
blown-off air volume is set to 1.

[0024] The graph indicates that the PPD index value
is minimum when the ratio of the upward blown-off air
volume to the side blown-off air volume is approximately
1:1, and that the PPD index value rises as the side
blown-off air volume increases.

[0025] In the present invention, the range in the ratio
of the upward blown-off air volume to the side blown-off
air volume from 1:1 to 1:2 (PPD index value of approx-
imately 6.7 or lower) has been adopted as a preferable
range, from a viewpoint of making the PPD index value
better than the PPD index value (total mean value of
7.11) in radiator heating operation.

[0026] This is explained with reference to examples
shown in the drawings. As shown in Figs. 7 and 8, in the
heating operation, the air volume control means is op-
erated such that blown-off air volume SW,, SW, from
side outlet(s) is equal to or larger than the blown-off air
volume UW from the upward outlet.

[0027] The ratio (air volume ratio) of the blown-off air
volume UW from the upward outlet to the blown-off air
volume SW,, SW, from the side outlet (s), UW:SW, (or
SW,), is preferably in the range of 1:2 to 1:1 in the case
where side blown-off air is blown-off from a side outlet
on one side face (Fig. 7). In the case where the side
outlets are disposed on the left and right sides (Fig. 8),
the ratio (air volume ratio) of a blown-off air volume SW,
from a left-side outlet to a blown-off air volume UW from
an upward outlet and to a blown-off air volume SW, from
a right-side outlet is preferably ranged from 2:1:2 to 1:
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1:1.

[0028] Fig. 9 is a graph for setting a blown-off angle
of side blown-off air in the heating operation, and shows
the relation between the blown-off angle of side blown-
off air S4, S, and the PPD index.

[0029] According to the graph, the PPD index value
becomes larger as the blown-off angle of the side blown-
off air S4, S, increases, and the PPD index value ex-
ceeds approximately 6.7 when the blown-off angle is
larger than the horizontal (0°).

[0030] In the present invention, in view of this PPD
index value, the horizontal (0°) is set to the upper limit
of the blown-off angle of the side blown-off air S, S,
so that the blown-off angle does not become larger than
the horizontal.

BRIEF DESCRIPTION OF THE DRAWINGS
[0031]

Fig. 1 is a perspective view of an indoor air condi-
tioner in an embodiment according to the present
invention;

Fig. 2 is a graph showing relation between upward
blown-off air volume and a PMV cozy zone occu-
pancy ratio when side blown-off air volume is set to
1 in a cooling operation;

Fig. 3 is a view showing a state of blowing off air
only from a side outlet on one side in the cooling
operation;

Fig. 4 is a view showing a state of blowing off air
from side outlets on both sides in the cooling oper-
ation;

Fig. 5 is a graph showing relation between a side
air blown-off angle and difference in indoor vertical
temperature in the cooling operation;

Fig. 6 is a graph showing relation between a side
blown-off air volume and a PPD index when an up-
ward blown-off air volume is set to 1 in a heating
operation;

Fig. 7 is a view showing a state of blowing off air
only from a side outlet on one side in the heating
operation;

Fig. 8 is a view showing a state of blowing off air
from side outlets on both sides in the heating oper-
ation; and

Fig. 9 is a graph showing relation between a side
blown-off angle and a PPD value in the heating op-
eration.

BEST MODE FOR CARRYING OUT THE INVENTION

[0032] Anembodiment of the presentinvention will be
described below. Fig. 1 shows a floor-installation type
indoor air conditioner 1 is disposed right under a window
3 as an example. As described above, in the case where
the indoor air conditioner 1 is disposed in the vicinity of
the window, in particular, excellent heating effect (cold
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draft decreasing effect) is obtained against local tem-
perature decrease in the vicinity of a window at the cold-
est time of year.

[0033] The indoor air conditioner 1 is comprised of an
induction port 21 formed on a front face 11 of a main
unit, an upward outlet 22 formed on a top face 12 of the
main unit, and side outlets 23, 24 formed on both-side
faces 13, 14. The upward outlet 22 and the side outlets
23, 24 respectively have swing flaps 32 and shutters 33
for controlling quantities and angles of blown-off air.
[0034] As a result of analyzing tests, there is a ten-
dency that difference of vertical temperature decreases
and the PMV cozy zone occupancy ratio becomes high-
er as the air blown-off angle of side blown-off air S4, S,
becomes upwardly larger and as volume of the upward
blown-off air increases in the cooling operation (Fig. 3,
Fig- 4).

[0035] In an embodiment shown in Figs. 3and 4 (in a
cooling operation), the air volume ratio is controlled to
become UC:SC, = 4:1to 2:1 or SC4:UC:SC, = 1:4:1 to
1:2:1, and also the shutters 33 for the side outlets 23,
24 are controlled to be opened and closed so as to pro-
vide an air blown-off angle in the range of -20° to +45°.
In the case where temperature excessively decreases
in the vicinity of the floor surface, the shutters 33 in the
side outlets 23, 24 may be completely closed.

[0036] An embodimentin a heating operation is then
explained. In the heating operation, the ratio of side
blown-off air volume (SW,, SW,) to upward blown-off
air volume (UW) is set to 2:1 to 1:1 (in the case of Fig.
7)or2:1:2to 1:1:1 (in the case of Fig. 8) as stated above.
In the above-shown embodiment, the side air blown-off
angle is preferably in the range of 0° (horizontal) to -45°
in the heating operation.

[0037] Theindoor air conditioner of the presentinven-
tion having the upward outlet and the side outlets make
it possible to optimally set the ratio of the side blown-off
air volume to the volume of upward blown-off air in each
of cooling operation and heating operation. Thereby, the
indoor air conditioner of the present invention has an
effect of providing an air-conditioned space where non-
uniformity in temperature distribution is improved in
comparison with the conventional conditioners.

Claims

1. Anindoor air conditioner (1) having an upward out-
let (22) formed on a top face (12) of a main unit and
a side outlet (23, 24) formed on at least one side
face (13, 14) of the main unit, the indoor air condi-
tioner (1) comprising:

air volume control means for controlling blow of
air so that a blown-off air volume (UC) from the
upward outlet (22) is larger than a blown-off air
volume (SC4, SC,) from the side outlet (23, 24)
in a cooling operation.
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2,

The indoor air conditioner as defined in Claim 1,
wherein the air volume control means is a swing flap
(32) or a shutter (33).

The indoor air conditioner as defined in Claim 1 or
2, wherein

a ratio of the blown-off air volume (UC) from
the upward outlet (22) to the blown-off air volume
(SC4, SC,) from the side outlet (23, 24) is set to 2:
1to 4:1in a case where a side blown-off air (S4, S,)
is blown-off from the side outlet (23, 24) on one of
side faces (13, 14) of the main unit.

The indoor air conditioner as defined in Claim 1 or
2, wherein

a ratio of a blown-off air volume (SC,) from a
left side outlet (23) to the blown-off air volume (UC)
from the upward outlet (22) and to a blown-off air
volume (SC,) from a right side outlet (24) is set to
1:2:1 to 1:4:1 in a case where the side outlets (23,
24) are disposed on both the left and right side faces
(13, 14) of the main unit.

The indoor air conditioner as defined in any one of
Claims 1 to 4, wherein

an air blown-off angle from the side outlet (23,
24) is set to be not less than -20°.

The indoor air conditioner as defined in any one of
Claims 1 to 5, wherein

the air volume control means is capable of
controlling blow of air so that air from the side outlet
(23, 24) is blocked and air only from the upward out-
let (22) is blown-off.

An indoor air conditioner having an upward outlet
(22) formed on a top face (12) of a main unit and a
side outlet (23, 24) formed on a side face (13, 14)
of the main unit, the indoor air conditioner compris-

ing:

air volume control means for controlling blow of
air so that a blown-off air volume (SW,, SW2)
from the side outlet (23, 24) is be equal to or
larger than a blown-off air volume (UW) from
an upward outlet (22) in a heating operation.

The indoor air conditioner as defined in Claim 7,
wherein

the air volume control means is a swing flap
(32) or a shutter (33).

The indoor air conditioner as defined in Claim 7 or
8, wherein

a ratio of the blown-off air volume (UW) from
the upward outlet (22) to the blown-off air volume
(SW4, SW,) from the side outlet (23, 24) is set to 1:
2to 1:1in a case where a side blown-off air (S, S)
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is blown-off from the side outlet (23, 24) on one of
side faces (13, 14) of the main unit.

The indoor air conditioner as defined in Claim 7 or
8, wherein

a ratio of a blown-off air volume (SW,) from a
left-side outlet (23) to the blown-off air volume (UW)
from the upward outlet (22) and to a blown-off air
volume (SW,) from a right-side outlet (24) is set to
2:1:2 to 1:1:1 in a case where the side outlets (23,
24) are disposed on both the left and right side faces
(13, 14) of the main unit.

The indoor air conditioner as defined in any one of
Claims 7 to 10, wherein

an air blown-off angle from the side outlet (23,
24) is set to be not larger than the horizontal zero.

10

15

20

25

30

35

40

45

50

55



EP 1 367 336 A1

x|

el A CATE L LR LEATEILE iy )

L L S L LAY A _

]
o

o — - ——

10

<t

W

WS

13

1

H

H

1

UZY,
33—
33—
337
23

Fig.



EP 1 367 336 A1

Fig. 2

CRITERION OF AIR VOLUME RATIO
IN COOLING OPERATION
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Fig. 4
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Firg. 6

CRITERION OF SIDE BLOWING-OFF ANGLE
IN COOLING OPERATION
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Fig. 6

CRITERION OF AIR VOLUME RATIO
IN HEATING OPERATION
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Fig. 7
"™
2
3
Pl e
S\1 'L___U_W_j
‘\‘,L _____
O'—<—\—- _SWh } 4
N

~ Y

12




EP 1 367 336 A1

Frg. &

e o e )

— - —

NJ

13



EP 1 367 336 A1

Fig. 9

CRITERION OF SIDE BLOWING-OFF ANGLE
IN HEATING OPERATION
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