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(54) Air conditioner

(57) Provided is an air conditioner capable of secur-
ing the necessary static pressure even when the arrange-
ment of air inlets is such that the suction resistance tends
to increase. The air conditioner includes an indoor heat
exchanger (4), a bellmouth (13) disposed behind the in-
door heat exchanger (4) such that its opening (14)
through which air passes faces the indoor heat exchang-
er (4), and a front panel (22) that covers the front side of
the indoor heat exchanger (4). The air conditioner is pro-
vided with a casing (2) having air inlets (8 - 11) and air
outlets (6, 7), and a turbofan (5) that generates an air
flow in which air is sucked in from the air inlets (8 -11),
passes through the indoor heat exchanger (4) and the
opening (14) of the bellmouth (13), and is blown out from
the air outlets (6, 7).; The air inlets (8 -11) are provided
in the front panel (22) and/or around thereof, and are
located substantially outside the opening of the bellmouth
(13) as seen from the front. The total suction area of the
air inlets (8 -11) is equal to or greater than 15% of the
projected area of the indoor heat exchanger (4) as seen
from the front.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an air condi-
tioner.

BACKGROUND ART

[0002] Conventionally, there is known an air condition-
er in which a front panel of a casing, a heat exchanger,
and a bellmouth are arranged in this order from front to
back of the casing, and air inlets are provided around the
front panel. Such an air conditioner is provided with a
once-through fan, which generates an air flow in which
air is sucked in from the air inlets, passes through the
heat exchanger and an opening of the bellmouth, and is
blown out from air outlets (see patent document 1).
[0003] The second patent document discloses an air
conditioner mountable to a ceiling with a suction opening
in a central part of a front panel and with air outlets dis-
posed to all four sides of the suction opening and addi-
tional air outlet disposed at side walls located adjacent
and above of the front panel.

<Patent document 1> JP-A Publication No.
64-58965 (Figures 1 and 2)
<Patent document 2> JP-A Publication No.
2002-005500

DISCLOSURE OF THE INVENTION

<TECHNICAL PROBLEM>

[0004] In the above described type of air conditioner,
the air inlets are provided around the front panel, and
thus it is possible to improve the design of the front panel.
However, the air suction resistance is increased com-
pared to the case where the air inlets are provided in the
center of the front panel. This causes the output of the
once-through fan to be insufficient, making it difficult to
secure the necessary static pressure.
[0005] An object of the present invention is to provide
an air conditioner capable of securing the necessary stat-
ic pressure even when the arrangement of air inlets is
such that the suction resistance tends to increase.

<SOLUTION TO THE PROBLEM>

[0006] An air conditioner according to claim 1 includes
a heat exchanger, a bellmouth, a casing, and a turbofan.
The bellmouth is disposed behind the heat exchanger
such that an opening thereof through which air passes
faces the heat exchanger. The casing has a front  panel
that covers the front side of the heat exchanger, and is
provided with air inlets and air outlets. The turbofan is
disposed behind the bellmouth, and generates an air flow
in which air is sucked in from the air inlets, passes through

the heat exchanger and the opening of the bellmouth,
and is blown out from the air outlets. Additionally, the air
inlets are provided in the front panel and/or around there-
of, and are located substantially outside the opening of
the bellmouth as seen from the front. Further, the dis-
tance between the heat exchanger and the bellmouth is
equal to or greater than 10% of the diameter of the open-
ing of the bellmouth.
[0007] In this air conditioner, an air flow is generated
by the turbofan, so that it is possible to secure the nec-
essary static pressure even when the arrangement of the
air inlets is such that the suction resistance tends to in-
crease. In addition, when an air flow is generated by the
turbofan disposed behind the heat exchanger, air tends
to unevenly flow mainly through the center of the heat
exchanger, which may reduce the heat exchange effi-
ciency; however, the present invention can improve the
air conditioning efficiency because the distance between
the heat exchanger and the bellmouth is equal to or great-
er than 10% of the diameter of the opening of the bell-
mouth, allowing air to easily flow over a larger area of
the heat exchanger.

<EFFECTS OF THE INVENTION>

[0008] In the air conditioner according to the present
invention, an air flow is generated by the turbo fan, so
that it is possible to secure the necessary static pressure
even when the arrangement of the air inlets is such that
the suction resistance tends to increase. In addition, it is
possible to improve the air conditioning efficiency be-
cause the distance between the heat exchanger and the
bellmouth is equal to or greater than 10% of the diameter
of the opening of the bellmouth, which allows air to easily
flow over a larger area of the heat exchanger.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Figure 1 is a front view of an air conditioner.
Figure 2 is a side view of the air conditioner.
Figure 3 is a side cross sectional view of the air con-
ditioner.
Figure 4 is a schematic view showing the projected
area of an indoor heat exchanger as seen from the
front.
Figure 5 is a schematic view showing the distance
between the indoor heat exchanger and a bellmouth,
and the diameter of an opening of the bellmouth.
Figure 6 is a graph showing the relationship between
the ratio of the total suction area to the heat exchange
area and the suction noise.
Figure 7 is a graph showing the relationship between
the air conditioning efficiency and the distance be-
tween the indoor heat exchanger and the bellmouth
with respect to the diameter of the opening of the
bellmouth.
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EXPLATION OF THE REFERENCE SYMBOLS

[0010]

1 Air conditioner
2 Casing
4 Indoor heat exchanger (heat exchanger)
5 Air blowing device (turbofan)
6 First air outlet (air outlet)
7 Second air outlet (air outlet)
8 First air inlet (air inlet)
9 Second air inlet (air inlet)
10 Third air inlet (air inlet)
11 Fourth air inlet (air inlet)
13 Bellmouth
14 Opening
22 Front panel

BEST MODE FOR CARRYING OUT THE INVENTION

<STRUCTURE>

[0011] An air conditioner 1 according to an embodi-
ment of the present invention is shown in Figure 1 through
Figure 3. Figure 1 is a front view of the air conditioner 1,
and Figure 2 is a side view of the air conditioner 1. In
addition, Figure 3 is a side cross sectional view of the air
conditioner 1. The air conditioner 1 is a floor standing
indoor unit, and is provided with a casing 2, an indoor
heat exchanger 4, a bellmouth 13, and an air blowing
device 5. Note that the terms "up", "down", "left", and
"right" used in the description below refer to the up, down,
left, and right sides of the air conditioner 1 as seen from
the front.

<CASING 2>

[0012] The casing 2 comprises a hollow body made of
synthetic resin, and houses the indoor heat exchanger
4, the bellmouth 13, and the air blowing device 5 therein.
The casing 2 includes a casing main body 21 and a front
panel 22 attached to a front surface of the casing main
body 21.
[0013] The front surface of the casing main body 21
has a large opening formed therein. The casing main
body 21 has the indoor heat exchanger 4, the bellmouth
13, and the air blowing device 5 arranged in this order
from front to back inside thereof.
[0014] The front surface of the casing 2 has a first air
outlet 6 and a second air outlet 7 provided thereto. The
first air outlet 6 is an opening having a horizontally long
shape that is disposed along the upper end of the front
surface of the casing 2, and air that is blown out into the
room passes therethrough. The second air outlet 7 is an
opening having a horizontally long shape that is disposed
along the lower end of the front surface of the casing 2,
and air that is blown out into the room passes there-
through. Note that the first air outlet 6 is provided with a

first flap 61 that guides air blown out from the first air
outlet 6 such that the first flap 61 can freely pivot, and
the first air outlet 6 can be opened and closed by the first
flap 61. In addition, the second air outlet 7 is provided
with a second flap 62 that guides air blown out from the
second air outlet 7 such that the second flap 62 can freely
pivot.
[0015] The front panel 22 is mounted to the front sur-
face of the casing main body 21, and has an outer shape
that is smaller than the front surface of the casing main
body 21. The front panel 22 covers the front side of the
indoor heat exchanger 4, and is disposed below the first
air outlet 6 as seen from the front. In addition, a front
surface of the front panel 22  is disposed at a slight dis-
tance forward from the front surface of the casing main
body 21. Side surfaces 23 and 24 of the front panel 22
which connect the side end portions of the front surface
of the front panel 22 to the front surface of the casing
main body 21 are provided with a first air inlet 8 and a
second air inlet 9, respectively. The first air inlet 8 is an
opening having a longitudinally long shape that is dis-
posed in the right side surface 23 of the front panel 22,
and air sucked into the casing 2 from the room passes
therethrough. The second air inlet 9 is an opening having
a longitudinally long shape that is disposed in the left side
surface 24 of the front panel 22, and air sucked into the
casing 2 from the room passes therethrough.
[0016] In addition, a top surface 25 of the front panel
22 which connects the upper end portion of the front sur-
face of the front panel 22 to the front surface of the casing
main body 21 is provided with a third air inlet 10. The
third air inlet 10 is an opening having a horizontally long
shape that is disposed below the first air outlet 6, and air
sucked into the casing 2 from the room passes there-
through. In addition, a bottom portion of the front surface
of the front panel 22 is provided with a fourth air inlet 11.
The fourth air inlet 11 is an opening having a horizontally
long shape that is disposed above the second air outlet
7, and air sucked into the casing 2 from the room passes
therethrough. Note that a bottom surface of the front pan-
el 22 which connects the front lower end of the front panel
22 to the front surface of the casing main body 21 is
closed. In addition, a portion between the third air inlet
10 and the fourth air inlet 11 of the front surface of the
casing 2 is a flat panel portion 20 in which an opening is
not provided.
[0017] As described above, the casing 2 has the four
air inlets from the first air inlet 8 through the fourth air
inlet 11 provided in the front panel 22, one at each of the
four sides (up, down, left, and right) around the flat panel
portion 20, and air is sucked in from the four sides (up,
down, left, and right) of the flat panel portion 20. In addi-
tion, as shown in Figure 1, these air inlets 8 through 11
are located outside the opening 14 of the bellmouth 13
as seen from the front.
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<INDOOR HEAT EXCHANGER 4>

[0018] The indoor heat exchanger 4 shown in Figure
3 constitutes a refrigerant circuit together with an outdoor
heat exchanger disposed in the outdoor unit (not shown)
and performs heat exchange with air that passes through
the indoor heat exchanger 4. The indoor heat exchanger
4 is disposed behind the front panel 22. The indoor heat
exchanger 4  has a thin plate-like outer shape and is
disposed parallel to the flat panel portion 20. In addition,
the indoor heat exchanger 4 has the same size as the
front panel 22 as seen from the front, and the following
expression is obtained: S/B ≥ 0.15, where B is the pro-
jected area of the indoor heat exchanger 4 as seen from
the front, and S (not shown) is the total suction area of
the above described air inlets 8 through 11, as shown in
Figure 4. In other words, the total suction area S of the
air inlets 8 through 11 is equal to or greater than 15% of
the projected area B of the indoor heat exchanger 4 as
seen from the front.

<BELLMOUTH 13>

[0019] The bellmouth 13 is disposed behind the indoor
heat exchanger 4, and the bellmouth 13 includes a flat
portion 15 and a circular tube portion 16. The flat portion
15 has an outer shape that is about the same size as that
of the indoor heat exchanger 4 as seen from the front,
and is disposed parallel to the indoor heat exchanger 4
so as to face the rear surface of the indoor heat exchanger
4. The flat portion 15 is connected to the edge on the
entrance side of an opening 14 of the circular tube portion
16. Note that the circular tube portion 16 curves such that
the diameter of its front end side expands, and the circular
tube portion 16 is loosely connected to the peripheral
edge of the opening 14. Here, the following expression
is obtained: a/d ≥ 0.1, where "a" is the distance between
the indoor heat exchanger 4 and the bellmouth 13, i.e.,
the distance between the indoor heat exchanger 4 and
the entrance of the opening 14 of the bellmouth 13, and
"d" is the diameter of the opening 14 of the bellmouth 13.
In other words, the distance "a" between the indoor heat
exchanger 4 and the bellmouth 13 is equal to or greater
than the diameter "d" of the opening 14 of the bellmouth
13. Note that the rear end of the circular tube portion 16
enters inside a fan cover 53 (described later) through an
opening on a front surface of the fan cover 53. In addition,
the opening 14 of the bellmouth 13 has an outer shape
that is smaller than that of the indoor heat exchanger 4
as seen from the front.

<AIR BLOWING DEVICE 5>

[0020] The air blowing device 5 is disposed behind the
bellmouth 13, and generates an air flow in which air is
sucked in from each of the air inlets 8 through 11, passes
through the indoor heat exchanger 4 and the opening 14
of the bellmouth 13, and is blown out from each of the

air outlets 6 and 7. The air blowing device 5 is a turbofan
that sucks in air from the front and causes the wind to
blow out in a centrifugal direction. The air blowing device
5 includes a fan rotor 51, a fan motor 52, and the fan
cover 53.
[0021] The fan rotor 51 is disposed such that a rotation
axis AX thereof is horizontal. The fan rotor 51 includes a
plurality of blades disposed so as to spiral away from the
rotation axis AX.
[0022] The fan motor 52 is a driving source for rotat-
ingly driving the fan rotor 51, and is disposed behind the
fan rotor 51.
[0023] The fan cover 53 is a member that is disposed
in front of the fan rotor 51. An opening through which air
that is taken into the fan cover 53 passes is disposed in
the front surface of the fan cover 53. Air that passes
through the opening in the front surface of the fan cover
53 branches up and down as a result of being blown out
in a centrifugal direction by the fan rotor 51 and is blown
out into the room from the first air outlet 6 and the second
air outlet 7.

<CHARACTERISTICS>

(1)

[0024] In the air conditioner 1, the front panel 22 is
provided with the air inlets 8 through 11 in the top surface
25, the right side surface 23, the left side surface 24, and
the bottom portion of the front surface, respectively, and
has the flat panel portion 20 in a smooth shape at the
center. Accordingly, it is possible to refine the external
appearance of the air conditioner 1 as seen from the front,
thus allowing enhancement of the aesthetic appearance.
[0025] In addition, the air inlets 8 through 11 are dis-
posed outside the opening 14 of the bellmouth 13 as
seen from the front. Accordingly, it is possible to allow
air that is sucked in from the air inlets 8 through 11 to
pass over a larger area of the indoor heat exchanger 4,
thus allowing improvement of the air conditioning effi-
ciency.
[0026] In addition, because the fourth air inlet 11 is
provided in the bottom portion of the front surface of the
front panel 22, it is possible to increase the suction area
while suppressing an increase in the size of other air
inlets 8 through 10. Accordingly, it is possible to suppress
an increase in the thickness of the front panel 22 caused
by an increase in the size of other air inlets 8 through 10,
thus allowing the external shape of the air conditioner 1
to be thinner.

(2)

[0027] Although the arrangement of the air inlets 8
through 11 as described above increases the suction re-
sistance, it is possible in this air conditioner 1 to suffi-
ciently secure  the necessary static pressure because an
air flow is generated by the air blowing device 5 that is a

5 6 
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turbofan.
[0028] In addition, in the air conditioner 1 according to
the present invention, a necessary air flow can be gen-
erated by one turbofan, unlike the case where a once-
through fan is provided to each of the upper and lower
air outlets as in the conventional air conditioner. Accord-
ingly, it is possible to reduce the manufacturing cost.

(3)

[0029] Although the use of the turbofan when the ar-
rangement of the air inlets 8 through 11 is as described
above may augment the suction noise, the air conditioner
1 can reduce the suction noise because the total suction
area S of the air inlets 8 through 11 is equal to or greater
than 15% of the projected area B of the indoor heat ex-
changer 4 as seen from the front. In other words, as
shown in Figure 6, a sufficient effect of the suction noise
reduction can be obtained in the range where S/B ≥ 15%.
Note that, because an increase in the value of S/B entails
an increase in the total suction area, it is better if the
value of S/B is smaller in terms of the size reduction of
the air conditioner 1. Considering this, it is more prefer-
able that 0.15 ≤ S/B ≤ 0.35, for example, S/B = 0.2.
[0030] In addition, when an air flow is generated by
one turbofan disposed behind the indoor heat exchanger
4, air tends to unevenly flow mainly through the center
of the indoor heat exchanger 4, which may reduce the
heat exchange efficiency; however, the air conditioner 1
can further improve the air conditioning efficiency be-
cause the distance "a" between the indoor heat exchang-
er 4 and the bellmouth 13 is equal to or greater than 10%
of the diameter "d" of the opening 14 of the bellmouth
13, allowing air to easily flow over a larger area of the
indoor heat exchanger 4. In other words, as shown in
Figure 7, a sufficient effect of an increase in the air con-
ditioning efficiency can be obtained in the range where
a/d ≥ 10%. In addition, because an increase in the value
of a/d entails an increase in the distance between the
indoor heat exchanger 4 and the bellmouth 13, it is better
if the value of a/d is smaller in terms of the thickness
reduction of the air conditioner 1. Considering this, it is
more preferable that 0.1 ≤ a/d ≤ 0.25, for example, a/d =
0.15.

<OTHER EMBODIMENT>

(1)

[0031] In the above described embodiment, all of the
air inlets 8 through 11 are disposed in the front panel 22.
However, one, some, or all of the air inlets 8 through 11
may be  disposed in the casing main body 21, specifically
at a portion or portions located around the front panel 22.

(2)

[0032] In the above described embodiment, the air

conditioner 1 is the floor-standing air conditioner. How-
ever, the present invention is applicable to a wall-mount-
ed air conditioner and a ceiling-embedded air condition-
er.

(3)

[0033] In the above described embodiment, the air in-
lets 8 through 11 are located outside the opening 14 of
the bellmouth 13 as seen from the front. However, they
may be located somewhat inside the opening 14 of the
bellmouth 13. For example, the air inlets 8 through 11
may be located inside the opening 14 of the bellmouth
13 as long as the air inlets 8 through 11 are not located
within a peripheral boundary that is concentric with and
80% of the inside diameter of the opening 14 of the bell-
mouth 13. In other words, any such modification may be
made as long as the air inlets 8 through 11 are located
outside a peripheral boundary that is concentric with and
80% of the inside diameter of the opening 14 of the bell-
mouth 13 as seen from the front.

INDUSTRIAL APPLICABILITY

[0034] The present invention has an effect of securing
the necessary static pressure even when the arrange-
ment of air inlets is such that the suction resistance tends
to increase, and the present invention is useful as an air
conditioner.

FURTHER EMBODIMENTS

[0035]

1. An air conditioner (1), comprising:

a heat exchanger (4);
a bellmouth (13) disposed behind the heat ex-
changer (4) such that an opening (14) thereof
through which air passes faces the heat ex-
changer (4);
a casing (2) having a front panel (22) that covers
the front side of the heat exchanger (4) and pro-
vided with air inlets (8-11) and air outlets (6, 7);
and
a turbofan (5) disposed behind the bellmouth
(13) and configured to generate an air flow in
which air is sucked in from the air inlets (8-11),
passes through the heat exchanger (4) and the
opening (14) of the bellmouth (13), and is blown
out from the air outlets (6, 7),wherein
the air inlets(8 -11) are provided in the front panel
(22) and/or around thereof, and are located sub-
stantially outside the opening (14) of the bell-
mouth (13) as seen from the front, and
the total suction area of the air inlets (8 -11) is
equal to or greater than 15% of the projected
area of the heat exchanger (4) as seen from the
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front.

2. An air conditioner (1), comprising:

a heat exchanger (4);
a bellmouth (13) disposed behind the heat ex-
changer (4) such that an opening (14) thereof
through which air passes faces the heat ex-
changer (4);
a casing (2) having a front panel (22) that covers
the front side of the heat exchanger (4) and pro-
vided with air inlets (8 -11) and air outlets (6, 7);
and
a turbofan (5) disposed behind the bellmouth
(13) and configured to generate an air flow in
which air is sucked in from the air inlets (8-11),
passes through the heat exchanger (4) and the
opening (14) of the bellmouth (13), and is blown
out from the air outlets (6, 7),wherein
the air inlets(8 -11) are provided in the front panel
(22) and/or around thereof, and are located sub-
stantially outside the opening (14) of the bell-
mouth (13) as seen from the front, and
the distance between the heat exchanger (4)
and the bellmouth (13) is equal to or greater than
10% of the diameter of the opening (14) of the
bellmouth (13).

Claims

1. An air conditioner (1), comprising:

a heat exchanger (4);
a bellmouth (13) disposed behind the heat ex-
changer (4) such that an opening (14) thereof
through which air passes faces the heat ex-
changer (4);
a casing (2) having a front panel (22) that covers
the front side of the heat exchanger (4) and pro-
vided with air inlets (8-11) and air outlets (6, 7);
and
a turbofan (5) disposed behind the bellmouth
(13) and configured to generate an air flow in
which air is sucked in from the air inlets (8-11),
passes through the heat exchanger (4) and the
opening (14) of the bellmouth (13), and is blown
out from the air outlets (6, 7), characterized in
that
the air inlets (8-11) are provided in the front panel
(22) and/or around thereof, and are located sub-
stantially outside the opening (14) of the bell-
mouth (13) as seen from the front, and
the distance between the heat exchanger (4)
and the bellmouth (13) is equal to or greater than
10% of the diameter of the opening (14) of the
bellmouth (13).

2. An air conditioner (1), according to claim 1, charac-
terized in that:

the front panel (22) has a flat panel portion (20)
that is disposed so as to overlap with the opening
(14) of the bellmouth (13) as seen from the front
and is located in front of the heat exchanger (4),
and
the air inlets (8-11) are provided around the flat
panel portion (20).

9 10 
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