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(57) A crossflow fan includes an impeller formed by
plate-like blades 42. Each blade 42 is inclined such that
the outer edge 42a is located on the leading side of the
inner edge 42d with respect to the rotation direction of
the impeller 41. The face of each blade 42 that is located
on the leading side of the rotation direction forms a pos-
itive pressure surface 42p, and a face located on the
trailing side forms a negative pressure surface 42q.

Notches 42b are formed at the outer edge 42a of the
blade 42. The notches 42b are arranged at predeter-
mined intervals along the rotation axis of the impeller.
The bottom 42y of the notch 42b is connected to the
positive pressure surface 42p at a positive pressure cor-
ner 42n and connected to the negative pressure surface
42qatanegative pressure corner42m. The positive pres-
sure corner 42n and the negative pressure corner 42m
are both rounded.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a crossflow fan
and an air conditioner having the crossflow fan.

BACKGROUND ART

[0002] Crossflow fans are known as air blowers as
used in an indoor unit of a wall-mounted air conditioner.
Fig. 14 shows one example of a crossflow fan. As shown
in Fig. 14, a crossflow fan 104 is a type of fan through
which air flow crosses transversely, and includes an im-
peller 141 formed by a number of blades 142. The blades
142 are forward-swept blades, in each of which the outer
edge is located on the leading side from the inner edge
with respect to the rotation direction Z1. When the impel-
ler 141 is rotated in the rotation direction Z1 by an electric
motor, cooled or heated air flow X (that is, conditioned
air flow) in an indoor unit 1 of the air conditioner trans-
versely passes through the impeller 141, in a plane per-
pendicular to the rotation axis Z of the impeller 141.
[0003] Intheimpeller of such a crossflow fan, air pass-
ing through the blades of the impeller generates noise.
In an attempt to reduce such noise with a simple struc-
ture, crossflow fans have been proposed that have a plu-
rality of notches formed at an edge of each blade (for
example, see Patent Document 1). Figs. 15(a) and 15(b)
are perspective views showing an impeller blade of such
a crossflow fan. As shown in Figs. 15(a) and 15(b), a
plurality of notches 242b are formed at predetermined
intervals at an outer edge 242a of a plate-like blade 242.
A straight section 242c is formed between each adjacent
pair of the notches 242b. As shown in Fig. 16, the bottom
242y of each notch 242b extends in a direction substan-
tially perpendicular to the sides of the blade 242. The
notches 242b, which are formed in the blade 242 as de-
scribed above, reduce trailing vortices (not shown) gen-
erated at an outlet region M of a crossflow fan 204. In
other words, a simple modification to the shape of the
blade 242 effectively reduces the noise of the crossflow
fan 204.

Patent Document 1: Japanese Laid-Open Patent Publi-
cation No. 2006-125390

DISCLOSURE OF THE INVENTION
PROBLEMS THAT THE INVENTION IS TO SOLVE

[0004] As described in Patent Document 1, a simple
structure where notches are formed at an edge of each
blade can effectively reduce noise. However, when em-
ployed, this structure increases air resistance against ro-
tation of the impeller 241. Specifically, when notches
242b are formed at the outer edge 242a of each blade
242 as shownin Fig. 16, rotation of the impeller 241 caus-
es air flow X to strike the bottom 242y of each notch 242b,
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which extends perpendicularly to both sides of the blade
242. Thus, compared to a case where no notches are
formed at the outer edge 242a, collision of the air flow X
generates greater air resistance against rotation of the
impeller 241 at an inlet region N of the crossflow fan 204.
As a result, to ensure a sufficient volume of discharged
air from the crossflow fan 204, the power output of the
electric motor, which drives the crossflow fan 204, needs
to be increased.

[0005] Accordingly, it is an objective of the present in-
vention to provide a crossflow fan that prevents the power
output required from an electric motor driving the cross-
flow fan from being increased, and an air conditioner hav-
ing the crossflow fan.

MEANS FOR SOLVING THE PROBLEMS

[0006] To achieve the foregoing objective and in ac-
cordance with one aspect of the present invention, a
crossflow fan is provided that includes an impeller having
a plurality of support plates located on a rotation axis of
the impeller and a plurality of plate-like blades provided
at peripheral portions of the support plates. The blades
extend parallel to the rotation axis.

Each blade is inclined such that its outer edge is located
on the leading side of its inner edge with respect to the
rotation direction of the impeller. One of the faces of each
blade that is on the leading side of the rotation direction
of the impeller forms a positive pressure surface. The
face on the trailing side of the rotation direction forms a
negative pressure surface. A plurality of notches are
formed at the outer edge of each blade. The notches are
arranged at predetermined intervals along the rotation
axis of the impeller. At least one of a positive pressure
corner and a negative pressure corner, which connect
the bottom of each notch with the positive pressure sur-
face and the negative pressure surface, respectively, is
rounded.

[0007] Since the notches are formed in the outer edge
of the blade, noise is effectively reduced with a simple
structure. Atleast one of the positive pressure corner and
negative pressure corner, which connect the bottom of
the notch with the positive pressure surface and the neg-
ative pressure surface, respectively, is rounded. There-
fore, air that flows into the notches from the outer side of
the blade is allowed to flow smoothly into the impeller
along the negative pressure surface and the positive
pressure surface. This reduces the collision loss gener-
ated when air flows in from outside of the blade. As a
result, required increased power output from the electric
motor driving the crossflow fan caused by the formation
ofthe notches in the blades can be reduced. Inthe above,
the predetermined intervals may be the same intervals
or may vary according to the position in the longitudinal
direction of the blade.

[0008] In accordance with the present invention, the
negative pressure corner, which connects the bottom of
each notch with the negative pressure surface, may be
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rounded.

[0009] Also, in accordance with the present invention,
the positive pressure corner, which connects the bottom
of each notch with the positive pressure surface, may be
rounded.

[0010] To achieve the foregoing objective and in ac-
cordance with one aspect of the present invention, a
crossflow fan is provided that includes an impeller having
a plurality of support plates located on a rotation axis of
the impeller and a plurality of plate-like blades provided
at peripheral portions of the support plates. The blades
extend parallel to the rotation axis.

Each blade is inclined such that its outer edge is located
on the leading side of its inner edge with respect to the
rotation direction of the impeller. One of the faces of each
blade that is on the leading side of the rotation direction
of the impeller forms a positive pressure surface. The
face on the trailing side of the rotation direction forms a
negative pressure surface. A plurality of notches are
formed at the outer edge of each blade. The notches are
arranged at predetermined intervals along the rotation
axis of the impeller. The bottom of each notch is formed
as a smooth curved surface that protrudes as a whole
outward of the impeller.

[0011] Since the notches are formed in the outer edge
of the blade, noise is effectively reduced with a simple
structure. Further, since the bottom of each notch is
formed to be a smooth curved surface that protrudes as
a whole toward the outer circumference of the impeller,
air that flows into the notches from the outer side of the
blade is allowed to flow smoothly into the impeller along
the negative pressure surface and the positive pressure
surface. This reduces the collision loss generated when
air flows into the notches from outside of the blade. As a
result, required increased power output from the electric
motor driving the crossflow fan can be reduced. In the
above, the predetermined intervals may be the same in-
tervals or may vary according to the position in the lon-
gitudinal direction of the blade.

[0012] In the present invention, the notches are pref-
erably V-shaped as viewed from the negative pressure
surface and the pressure surface of the blade,

[0013] According to this configuration, a greater pres-
sure receiving area of the blade is ensured compared to
a case where the notch has a rectangular shape.
[0014] Further, the present invention also provides an
air conditioner having a crossflow fan having the above
described configuration.

Effects of the Invention

[0015] According to the present invention, since the
notches are formed in the outer edge of the blade, noise
is effectively reduced with a simple structure. Atleast one
of the positive pressure corner and negative pressure
corner, which connects the bottom of the notch with the
positive pressure surface and the negative pressure sur-
face, respectively, is rounded. Therefore, air that flows
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into the notches from the outer side of the blade is allowed
to flow smoothly into the impeller along the negative pres-
sure surface and the positive pressure surface. This re-
duces the collision loss generated when air flows in from
outside of the blade. As a result, required increased pow-
er output from the electric motor driving the crossflow fan
caused by the formation of the notches in the blades can
be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

Fig. 1 is schematic diagram showing an indoor unit
of an air conditioner having a crossflow fan according
to one embodiment of the present invention;

Fig. 2 is a perspective view showing the crossflow
fan according to the first embodiment;

Figs. 3(a) and 3(b) are perspective views showing
an impeller blade of the crossflow fan;

Fig. 4 is a diagram for explanatory illustration of a
blade with notches;

Fig. 5 is a cross-sectional view of the blade taken
along line 5-5 of Fig. 4;

Fig. 6 is a perspective view showing a cross section
of a notch;

Fig. 7 is a diagram for explanatory illustration of a
manner in which air flows into notches;

Fig. 8 is a cross-sectional view showing a blade ac-
cording to a modified embodiment;

Fig. 9 is a cross-sectional view showing a blade ac-
cording to another modified embodiment;

Fig. 10 is a cross-sectional view showing a blade
according to a further modified embodiment;

Figs. 11 (a)and 11 (b) are perspective views showing
a blade according to yet another modification;

Fig. 12 is a diagram for explanatory illustration of the
blade of the modified embodiment of Fig. 11;

Fig. 13 is a perspective view showing a cross section
of a notch of the modification of Fig. 11;

Fig. 14 is a diagram for explanatory illustration of the
prior art crossflow fan:

Figs. 15(a) and 15(b) are perspective views showing
an impeller blade of the prior art crossflow fan;

Fig. 16 is a diagram for explanatory illustration of the
prior art crossflow fan.

BEST MODE FOR CARRYING OUT THE INVENTION

[0017] One embodiment of the present invention will
now be described with reference to Figs. 1 to 7.

[0018] AsshowninFig. 1, an air conditioner according
to the present embodiment includes a wall-mounted in-
door unit 1. The indoor unit 1 includes a main casing 2,
a heat exchanger 3 arranged in the main casing 2, and
a crossflow fan 4. The crossflow fan 4 has an impeller
41 having plate-like blades 42. The impeller 41 is driven
by an electric motor (not shown) to compress and send
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air from an inlet region N to an outlet region M.

[0019] Airinlet ports 21 are provided in upper and front
face of the main casing 2. An air outlet port 22 is provided
in a lower face of the main casing 2. At the air outlet port
22, vertical flaps 23 and a horizontal flap 24 for adjusting
the direction of air discharged from the air outlet port 22
are provided.

[0020] A guide portion 25 is formed in the main casing
2 at a position in the vicinity of the outlet region M of the
crossflowfan 4. The guide portion 25 defines the passage
of air discharged by the crossflow fan 4. A backflow pre-
venting tongue 26 is formed at the air outlet port 22. The
backflow preventing tongue 26 separates the outlet re-
gion M and the inlet region N from each other, thereby
preventing discharged air from flowing back.

The heat exchanger 3 is located between the air inlet
port 21 and the impeller 41, and formed by a front heat
exchanging section 3a and a back heat exchanging sec-
tion 3b. The front heat exchanging section 3a is located
in the main casing 2 near the front face. The back heat
exchanging section 3b is continuously formed at the top
of the front heat exchanging section 3a, and is located
in the main casing 2 near the back face.

[0021] According to the above shown structure, when
the impeller 41 of the crossflow fan 4 is driven by the
electric motor, air in the room is drawn in to the main
casing 2 through the inlet port 21. The air is cooled or
heated by passing through the heat exchanger 3, and is
discharged into the room through the air outlet port 22.
Accordingly, conditioned air is delivered to the room.
[0022] AsshowninFig. 2, the impeller 41 of the cross-
flow fan 4 is formed by a great number of the blades 42,
circular support plates 43, and an input shaft 44. The
support plates 43 support the blades 42 and are located
on the rotation axis A1 of the impeller 41. The input shaft
44 is connected to the electric motor and extends along
the rotation axis A1. The support plates 43 are arranged
parallel to each other at predetermined intervals along
the rotation axis A1 of the impeller 41, or the longitudinal
direction of the blades 42. The blades 42 are fixed to
peripheral portions 43a of the support plates 43 and ar-
ranged between adjacent two support plates 43 to extend
parallel to the rotation axis A1.

[0023] The structure of each blade 42 will be described
with reference to Figs. 3 and 4. As shown in Fig. 2, the
blades 42 are forward-swept. That is, each blade 42 is
inclined such that the outer edge 42a is located on the
leading side of the inner edge 42d with respect to a ro-
tation direction Z1 of the impeller 41. As shown in Figs.
2 and 3, the face of each blade 42 that is located on the
leading side of the rotation direction Z1 forms a positive
pressure surface 42p, and a face located on the trailing
side forms a negative pressure surface 42q. The blade
42 is also curved such that the outer edge 42a is located
on the leading side of the inner edge 42d with respect to
the rotation direction Z1 of the impeller 41.

[0024] Notches 42b are formed at the outer edge 42a
of the blade 42. The notches 42b are arranged at prede-
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termined intervals along the rotation axis A1 of the im-
peller 41. The notches 42b are V-shaped when viewed
from the negative pressure surface 42q and the positive
pressure surface 42p of the blade 42. A basic shape sec-
tion 42c is formed between each adjacent pair of the
notches 42b. The basic shape sections 42¢ form the
curved basic shape of the blade 42. The width of the
space between adjacent notches 42b may be constant
or may vary. For example, as shown in Figs. 3 and 4,
each end 6a of the blade 42 with respect to the rotation
axis A1 is close to the corresponding support plate 43.
Thus, the flow velocity of air flow X at each end 6a is
greater than that in a center 6b of the blade 42 in the
rotation axis A1. In the present embodiment, the space
between notches 42b at each end 6a of the blade 42 is
greaterthan the space between notches 42b atthe center
6b of the blade 42. This ensures a sufficient pressure
receiving area at each end 6a of the blade 42.

[0025] The notches 42b may have the same size, but
may have different sizes depending on position on the
rotation axis A1. In the presentembodiment, notches 42b
at each end 6a of the blade 42 in the rotation axis A1
have a smaller size than notches 42b at the center 6b of
the blade 42. This ensures a sufficient pressure receiving
area at each end 6a of the blade 42.

[0026] As described above, the notches 42b formed
at the outer edge 42a of the blade 42 at predetermined
intervals, and the basic shape sections 42c are each
formed between adjacent notches 42b as shown in Fig.
4. This reduces trailing vortices (not shown) generated
at the outlet region M of the crossflow fan 4, so that noise
is reduced with a simple structure.

[0027] The notches 42b are V-shaped when viewed
from the negative pressure surface 42q and the positive
pressure surface 42p of the blade 42. Thus, compared
to a case where notches 42b have rectangular shapes,
the pressure receiving area of the blade 42 is enlarged.
[0028] Fig. 5is a cross-sectional view of the blade 42
taken along line 5-5 of Fig. 4, and Fig. 6 is a perspective
view showing a cross section of a notch 42b. As shown
in Figs. 5 and 6, the bottom 42y of the notch 42b is con-
nected to the negative pressure surface 42q ata negative
pressure corner 42m, and connected to the positive pres-
sure surface 42p at a positive pressure corner 42n. The
negative pressure corner 42m and the positive pressure
corner 42n are both rounded.

[0029] More specifically, the bottom 42y of each notch
42b, which extends perpendicularly to the negative pres-
sure surface 42q of the blade 42, and the negative pres-
sure surface 42q are smoothly connected to each other
by the negative pressure corner 42m. The bottom 42y of
each notch 42b, which extends perpendicularly to the
positive pressure surface 42p of the blade 42, and the
positive pressure surface 42p are smoothly connected
to each other by the positive pressure corner 42n. There-
fore, the length of the bottom 42y, which extends per-
pendicularly to the positive pressure surface 42p and the
negative pressure surface 42q, is less than that of the
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bottom 242y of the prior art notch 242b (see Fig. 16).
[0030] Asdescribed above, the negative pressure cor-
ner 42m and the positive pressure corner 42n are round-
ed to form smooth and curved surfaces. This allows the
air flow X that flows into the notches 42b from outside of
the blade 42 to flow smoothly along the negative pressure
surface 42q and into the impeller 41. As a result, the
collision loss generated when the air flow X flows from
outside of the blade 42 into the notches 42b is reduced.
[0031] The crossflow fan 4 according to the present
embodiment has the following advantages.

(1) The positive pressure corner 42n and the nega-
tive pressure corner 42m, which connect the bottom
42y of the notch 42b to the positive pressure surface
42p and the negative pressure surface 42q, respec-
tively, are rounded to have a smooth and curved sur-
face. This allows the air flow X that flows into the
notches 42b from outside of the blade 42 to flow
smoothly into the impeller 41 along the negative
pressure surface 42q and the positive pressure sur-
face 42p. This reduces the collision loss generated
when air flow X flows from outside of the blade 42
tothe notches 42b. As aresult, the required increase
in power output from the electric motor driving the
crossflow fan 4 caused by the formation of the notch-
es in the blades 42 can be reduced. Particularly,
since the negative pressure corner 42m and the pos-
itive pressure corner 42n are both rounded in the
present embodiment, the collision loss generated
when the air flow X flows from outside of the blade
42 is reduced, and required increased power output
from the electric motor driving the crossflow fan can
be reduced.

(2) The notches 42b are V-shaped when viewed from
the negative pressure surface 42q and the positive
pressure surface 42p of the blade 42. Thus, a suffi-
cient pressure receiving area for the blade 42 is en-
sured.

[0032] The air conditioner of the present embodiment
has the crossflow fan 4, which achieves the advantages
(1) and (2). The air conditioner therefore achieves the
same advantages as the advantages (1) and (2).
[0033] The presentinventionis notlimited to the above
embodiment, but can be modified in various forms within
the spirit of the present invention. The modifications are
not excluded from the scope of the presentinvention. For
example, the above embodiments may be modified as
follows.

[0034] In the above embodiment, the negative pres-
sure corner 42m and the positive pressure corner 42n
are both rounded. Instead, only one of the negative pres-
sure corner 42m and the positive pressure corner 42n
may be rounded. Fig. 8 illustrates a configuration in which
only the negative pressure corner 42m is rounded. Fig.
9 illustrates a configuration in which only the positive
pressure corner 42n is rounded. Even with these config-
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urations, the increase in power output required from the
electric motor driving the crossflow fan 4 caused by the
formation of the notches in the blades 42 can be reduced.
[0035] AsshowninFig. 10, the bottom 42y of the notch
42b may be formed as a smooth curved surface that pro-
trudes outward as a whole. This structure allows the air
flow X that flows into the notches 42b from outside of the
blade 42 to flow smoothly along the negative pressure
surface 42q or the positive pressure surface 42p and into
the impeller 41. This further reduces the collision loss
generated when air flows into the notches 42b from out-
side of the blade 42. As aresult, required increased pow-
er output from the electric motor driving the crossflow fan
can be reduced.

[0036] In the above illustrated embodiments, the
notches 42b are V-shaped when viewed from the nega-
tive pressure surface 42q and the positive pressure sur-
face 42p of the blade 42. However, this configuration may
be changed. For example, as shown in Figs. 11 to 13,
notches 42b may have a rectangular shape as viewed
from the negative pressure surface 42q and the positive
pressure surface 42p of the blade 42. A cross sectional
view taken along line 5-5 of Fig. 12 is the same as Fig.
5. Even if the notches 42b are rectangular, the increase
of the power output of the electric motor driving the cross-
flow fan 4 caused by the formation of the notches in the
blades 42 can be reduced, as long as at least one of the
negative pressure corner 42m and the positive pressure
corner 42n is rounded. Further, when the notches 42b
are formed to be rectangular, the bottom 42y of the notch
42b may be formed as a smooth curved surface that pro-
trudes as a whole outward of the impeller 41.

Claims

1. Acrossflow fan comprising an impeller having a plu-
rality of support plates located on a rotation axis of
the impeller and a plurality of plate-like blades pro-
vided at peripheral portions of the support plates, the
blades extending parallel to the rotation axis, each
blade being inclined such that its outer edge is lo-
cated on the leading side of its inner edge with re-
spect to the rotation direction of the impeller, one of
the faces of each blade that is on the leading side of
the rotation direction of the impeller forms a positive
pressure surface, the face on the trailing side of the
rotation direction forms a negative pressure surface,
the crossflow fan being characterized in that a plu-
rality of notches are formed at the outer edge of each
blade, the notches being arranged at predetermined
intervals along the rotation axis of the impeller,
wherein at least one of a positive pressure corner
and a negative pressure corner, which connect the
bottom of each notch with the positive pressure sur-
face and the negative pressure surface, respective-
ly, is rounded.
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The crossffow fan according to claim 1, character-
ized in thatthe negative pressure corner, which con-
nects the bottom of each notch with the negative
pressure surface, is rounded.

The crossflow fan according to claim 1 or 2, char-
acterized in that the positive pressure corner, which
connects the bottom of each notch with the positive
pressure surface, is rounded.

A crossflow fan comprising an impeller having a plu-
rality of support plates located on a rotation axis of
the impeller and a plurality of plate-like blades pro-
vided at peripheral portions of the support plates, the
blades extending parallel to the rotation axis, each
blade being inclined such that its outer edge is lo-
cated on the leading side of its inner edge with re-
spect to the rotation direction of the impeller, one of
the faces of each blade that is on the leading side of
the rotation direction of the impeller forms a positive
pressure surface, the face on the trailing side of the
rotation direction forms a negative pressure surface,
the crossflow fan being characterized in that a plu-
rality of notches are formed at the outer edge of each
blade, the notches being arranged at predetermined
intervals along the rotation axis of the impeller,
wherein the bottom of each notch is formed as a
smooth curved surface that protrudes as a whole
outward of the impeller.

The crossflow fan according to any one of claims 1
to 4, characterized in that each notch is V-shaped
as viewed from the negative pressure surface and
the pressure surface of the blade.

An air conditioner characterized by the crossflow
fan according to any one of claims 1 to 5.
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