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(57) Provided are impeller units 8d having disk-
shaped support plates 8b, whose center of rotation is
located in the center thereof, and a plurality of blades 8c
extending in a rotation-axis direction and arranged along
the outer peripheries of the support plates 8b, the support
plates 8b supporting opposite ends of the blades; an im-
peller 8a formed of the multiple impeller units 8d that are

fixed to each other in the rotation-axis direction; and a
plurality of grooves 14 having a depressed shape that
extend in the rotation-axis direction and are provided in
a blade suction surface 13a serving as a back side in a
rotational direction of each blade 8c. The grooves 14 are
separated from each other by a predetermined distance
such that a flat section M is provided between neighbor-
ing grooves 14.
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Description

Technical Field

[0001] The present invention relates to a cross flow fan
used as air-sending means, and to an air-conditioning
apparatus equipped with such a cross flow fan.

Background Art

[0002] As an example of a cross flow fan installed in
an air-conditioning apparatus of the related art, there is
one in which a suction surface of each blade is provided
with grooves, small recesses, or small protrusions ex-
tending in the rotational direction in an area near the outer
circumference side of an impeller (for example, see Pat-
ent Literature 1).

Citation List

Patent Literature

[0003]

Patent Literature 1: Japanese Unexamined Patent
Application Publication No. 3-210093

Summary of Invention

Technical Problem

[0004] The cross flow fan discussed in Patent Litera-
ture 1 as an example of the cross flow fan of the related
art is provided with grooves, small recesses, or small
protrusions extending in the rotational direction on the
suction surface of each blade in an area near the outer
circumference side of the impeller. In the cross flow fan,
a flow path is formed between an air inlet and an air outlet.
When each of the blades constituting the cross flow fan
rotates so as to be positioned on the discharge side, the
flow traveling along the blade becomes separated as the
flow approaches the trailing edge thereof. This flow sep-
aration causes the pressure to fluctuate, thus causing
noise. In Patent Literature 1, the grooves, small recesses,
or small protrusions formed in the suction surface of each
blade absorb the pressure fluctuations, which cause
noise, so as to suppress wide-band noise, thereby
achieving noise reduction. However, when the blade ro-
tates so as to be positioned on the suction side, the di-
rection in which the flow travels along the blade is re-
versed relative to that when the blade is positioned on
the discharge side. Accordingly, the grooves, small re-
cesses, or small protrusions will be located at the leading
edge relative to the flow. This may cause the speed of
flow to vary significantly in the longitudinal direction of
the blade due to concentration of the flow in the small
grooves, or the flow to become unstable due to the oc-
currence of flow separation at the side surfaces of the

small recesses or generation of flow in the longitudinal
direction of the blade by the small protrusions, which, in
turn, may cause pressure fluctuations, possibly resulting
in increased wide-band noise.
[0005] In the case where the cross flow fan is installed
in an air-conditioning apparatus, flow separation tends
to occur easily when the attack angle of the flow against
the blades changes due to an increase in airflow resist-
ance caused by dust adhered to a filter disposed at the
suction side of the impeller. This is problematic in that
the discharge flow becomes even more unstable. During
cooling operation of the air-conditioning apparatus, when
the discharge flow becomes unstable causing backflow
to the fan from the room, cold air may flow into the impeller
and condense into dew, dampening the floor if the dew
condensation water were to be splattered to the outside.
[0006] Generally, when manufacturing the blades,
thermoplastic resin, such as AS resin, is poured into a
mold for the blades. After cooling the resin, the mold is
released in the rotation-axis direction of the impeller such
that blade sections are formed. However, in order to man-
ufacture the blades each provided with grooves, small
recesses, or small protrusions extending in the rotational
direction (a direction perpendicular to the rotation axis)
on the suction surface of the blade, as in Patent Literature
1, the mold needs to be released in the direction perpen-
dicular to the rotation axis because the mold cannot be
released in the rotation-axis direction. Disadvantageous-
ly, manufacturing process becomes complex and pro-
ductivity becomes poor.
[0007] The present invention has been made to solve
the aforementioned problems, and an object thereof is
to obtain a low-noise, highly efficient cross flow fan.
Another object is to obtain a quiet, energy-saving air-
conditioning apparatus. Solution to Problem
[0008] A cross flow fan according to the invention in-
cludes impeller units including disk-shaped support
plates whose center of rotation is located in a center
thereof and a plurality of blades extending in a rotation-
axis direction and arranged along outer peripheries of
the support plates, the blades each being supported by
the support plates at opposite ends; an impeller formed
by fixing the impeller units in the rotation-axis direction;
and a plurality of grooves having a depressed shape that
extend in the rotation-axis direction, the grooves being
provided on a blade suction surface serving as a back
side in a rotational direction of each blade, in which the
grooves are separated from each other by a predeter-
mined distance such that a flat section is provided be-
tween neighboring grooves.
[0009] Furthermore, a cross flow fan according to the
invention includes impeller units including disk-shaped
support plates whose center of rotation is located in a
center thereof and a plurality of blades extending in a
rotation-axis direction and arranged along outer periph-
eries of the support plates, the blades each being sup-
ported by the support plates at opposite ends; an impeller
formed by fixing the impeller units in the rotation-axis
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direction; a motor having a motor shaft that is fixed to the
support plate located at an end of the impeller, the motor
rotationally driving the impeller; a fixation section for the
motor shaft that is located in one of a relevant impeller
unit; and an opening formed by partially widening a pitch
of the blades of the impeller units so that a fixing member
is insertable into the fixation section, in which a plurality
of grooves having a depressed shape and extending in
the rotation-axis direction are provided on a blade suction
surface serving as a back side in a rotational direction of
at least a blade located adjacent to the opening on the
rotational-direction side of the impeller.
[0010] Furthermore, a cross flow fan according to the
invention includes impeller units including disk-shaped
support plates whose center of rotation is located in a
center thereof and a plurality of blades extending in a
rotation-axis direction and arranged along outer periph-
eries of the support plates, the blades each being sup-
ported by the support plates at opposite ends; and an
impeller formed by fixing the impeller units in the rotation-
axis direction, in which a cross-sectional shape, taken in
a direction perpendicular to the rotation axis, of one end
of each blade that is a connection section connected to
an associated support plate is larger than a cross-sec-
tional shape, taken in the direction perpendicular to the
rotation axis, of the other end of each blade that is a
connection section connected to an associated support
plate, and a plurality of grooves having a depressed
shape and extending in the rotation-axis direction are
provided in a blade suction surface serving as a back
side in a rotational direction of the blade.
Furthermore, an air-conditioning apparatus according to
the invention is equipped with the aforementioned cross
flow fan.

Advantageous Effects of Invention

[0011] According to the invention, flow separation on
the suction surface of each blade is suppressed so that
stable flow is obtained, whereby a low-noise, highly effi-
cient cross flow fan is advantageously obtained.
Moreover, by installing this cross flow fan in an air-con-
ditioning apparatus, a quiet, energy-saving air-condition-
ing apparatus is obtained.

Brief Description of Drawings

[0012]

[Fig. 1] Fig. 1 is an external perspective view illus-
trating an air-conditioning apparatus equipped with
a cross flow fan according to Embodiment 1 of the
invention.
[Fig. 2] Fig. 2 is a vertical cross-sectional view taken
along line Q-Q of Fig. 1 and is a view corresponding
to Embodiment 1 of the invention.
[Fig. 3] Fig. 3 is a schematic diagram illustrating an
impeller of the cross flow fan according to Embodi-

ment 1 of the invention.
[Fig. 4] Fig. 4 is a perspective view illustrating a state
in which, for example, a blade is fixed to a ring and
is a view corresponding to Embodiment 1 of the in-
vention.
[Fig. 5] Fig. 5 is an enlarged cross-sectional view
taken along line P-P of Fig. 4 and is a view corre-
sponding to Embodiment 1 of the invention.
[Fig. 6] Fig. 6 is a cross section taken in a direction
perpendicular to a rotation axis of the impeller and
is an explanatory diagram illustrating the shape of
grooves provided on a blade suction surface. The
diagram corresponds to Embodiment 1 of the
present invention.
[Fig. 7] Fig. 7 is a cross section taken in a direction
perpendicular to a rotation axis of the impeller and
is an explanatory diagram illustrating the shape of
grooves provided on a blade suction surface. The
diagram corresponds to Embodiment 1 of the
present invention.
[Fig. 8] Fig. 8 is an explanatory diagram illustrating
the flow of air when a blade 8c passes through a
suction area E1 of the impeller and is a diagram cor-
responding to Embodiment 1 of the invention.
[Fig. 9] Fig. 9 is an explanatory diagram illustrating
the flow of air when the blade passes through a dis-
charge area E2 of the impeller and is a diagram cor-
responding to Embodiment 1 of the invention.
[Fig. 10] Fig. 10 is a perspective view illustrating an
impeller of a cross flow fan according to Embodiment
2 of the invention.
[Fig. 11] Fig. 11 includes Fig. 11 (a) showing a partial
perspective view of the impeller on the motor side
and Fig. 11 (b) showing a side view thereof. The
views correspond to Embodiment 2 of the invention.
[Fig. 12] Fig. 12 is a schematic diagram illustrating
an impeller of a cross flow fan according to Embod-
iment 3 of the invention and includes Fig. 12(a) show-
ing a side view of the cross flow fan and Fig. 12(b)
showing a cross-sectional view taken along line S-
S of Fig. 12(a).
[Fig. 13] Fig. 13 is a cross-sectional view of molds
17 and 18 and is a view corresponding to Embodi-
ment 3 of the invention.
[Fig. 14] Fig. 14 is a cross-sectional view of one of
blades taken along line A-A of Fig. 12 and is a view
corresponding to Embodiment 3 of the invention.
[Fig. 15] Fig. 15 is a cross-sectional view of one of
the blades taken along line B-B in Fig. 12 and is a
view corresponding to Embodiment 3 of the inven-
tion.
[Fig. 16] Fig. 16 is a perspective view illustrating one
of blades of another explanatory configuration of the
cross flow fan according to Embodiment 3 of the in-
vention.
[Fig. 17] Fig. 17 is a partially enlarged cross-sectional
view of a tip of each blade in a longitudinal direction,
taken in the direction perpendicular to the rotation
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axis and is a view corresponding to Embodiment 3
of the invention.
[Fig. 18] Fig. 18 illustrates another explanatory con-
figuration of the cross flow fan according to Embod-
iment 3 of the invention and is a front view of one of
the blades.
[Fig. 19] Fig. 19 illustrates further another explana-
tory configuration of the cross flow fan according to
Embodiment 3 of the invention and is a front view of
one of the blades.
[Fig. 20] Fig. 20 illustrates furthermore another ex-
planatory configuration of the cross flow fan accord-
ing to Embodiment 3 of the invention and is a front
view of one of the blades.
[Fig. 21] Fig. 21 illustrates still another explanatory
configuration of the cross flow fan according to Em-
bodiment 3 of the invention and is a front view of one
of the blades.
[Fig. 22] Fig. 22 illustrates still yet another explana-
tory configuration of the cross flow fan according to
Embodiment 3 of the invention and is a front view of
one of the blades.

Description of Embodiments

Embodiment 1

[0013] Embodiment 1 of the invention will be described
below with reference to the drawings. Fig. 1 is an external
perspective view illustrating an air-conditioning appara-
tus equipped with a cross flow fan according to Embod-
iment 1. Fig. 2 is a longitudinal sectional view taken along
line Q-Q of Fig. 1. The flow of air is depicted by blank
arrows in Fig. 1 and by dotted arrows in Fig. 2.
As shown in Figs. 1 and 2, an air-conditioning apparatus
body 1 is set on a wall 11 a of a room 11 to be air-con-
ditioned. An inlet grille 2 serving as an indoor air inlet, an
electrostatic precipitator 6 that collects dust by applying
static electricity thereto, and a meshed filter 5 for remov-
ing dust are provided at an upper portion 1 a of the air-
conditioning apparatus body. Furthermore, a heat ex-
changer 7 formed of piping 7b penetrating through a plu-
rality of aluminum fins 7a is disposed at the front side
and the upper side of an impeller 8a so as to surround
the impeller 8a. A front side 1 b of the air-conditioning
apparatus body is covered with a front panel and an air
outlet 3 is opened below. A cross flow fan 8 serving as
an air-sending device separates a flow path into a suction
side flow path E1 and a discharge side flow path E2 rel-
ative to the impeller 8a, and has a stabilizer 9 that tem-
porarily stores water droplets dripping from the heat ex-
changer 7. Moreover, the cross flow fan 8 also has, on
the discharge side of the impeller 8a, a helical guide wall
10 serving as a rear side of the discharge side flow path.
Furthermore, vertical wind guide vanes 4a and horizontal
wind guide vanes 4b are rotatably attached to the air
outlet 3 so as to change the direction of air sent into the
room. In the drawings, reference character O depicts the

center of rotation of the impeller 8a, E1 depicts a suction
area of the impeller 8a, and E2 depicts a discharge area
of the impeller 8a. Moreover, reference character RO de-
picts a rotational direction of the impeller 8a.
[0014] In the air-conditioning apparatus body 1 having
the above configuration, when a power supply board ap-
plies electricity to a motor that rotationally drives the im-
peller 8a, the impeller 8a of the cross flow fan 8 rotates
in the RO direction. Thus, the air in the room 11 is taken
in through the air inlet 2 provided at the upper portion 1
a of the air-conditioning apparatus body, and dust is re-
moved from the air by the electrostatic precipitator 6 and
the filter 5. Subsequently, the air undergoes heating op-
eration, cooling operation, or dehumidifying operation by
being heated, cooled, or dehumidified, respectively, by
the heat exchanger 7 before the air is taken into the im-
peller 8a of the cross flow fan 8. Then, the air blown out
from the impeller 8a is guided by the guide wall 10 to-
wards the air outlet 3 and is blown out into the room 11,
thus air-conditioning the room 11. In this case, the wind
direction of the blown out air is controlled in the vertical
and horizontal directions by the vertical wind guide vanes
4a and the horizontal wind guide vanes 4b, respectively,
so that the wind is distributed throughout the entire room
11, thereby suppressing temperature variations within
the room 11.
[0015] Fig. 3 is a schematic diagram illustrating the im-
peller 8a of the cross flow fan 8 according to Embodiment
1, and includes Fig. 3(a) showing a side view of the cross
flow fan 8 and Fig. 3(b) showing a cross-sectional view
taken along line N-N of Fig. 3(a). A lower half of Fig. 3
(b) shows a plurality of blades on the far side in a viewable
state, whereas an upper half thereof shows one of blades
8c. As shown in Fig. 3, the impeller 8a of the cross flow
fan 8 has a plurality of impeller units 8d in a rotation-axis
direction AX. The impeller units 8d include disk-shaped
support plates, for example, rings 8b in this case, whose
center of rotation is located in the center thereof, and a
plurality of blades 8c extending in the rotation-axis direc-
tion AX and arranged along the outer peripheries of the
rings 8b. Both ends of each of the blades 8c are supported
by the rings 8b. For example, multiple impeller units 8d
formed with thermoplastic resin, such as AS resin or ABS
resin, are prepared in the rotation-axis direction AX, and
the ends of the blades 8c are joined to the rings 8b of
neighboring impeller units 8d by, for example, ultrasonic
welding. A fan shaft 8f is provided at the center of the
ring 8b located at one end in the rotation-axis direction
AX, and a fan boss 8e is provided at the center of the
ring 8b located at the other end. The fan boss 8e and a
motor shaft 12a of a motor 12 are fixed to each other by
means of a screw or the like. The rings 8b are support
plates with a circular outline. The rings 8b located at the
opposite ends of the impeller 8a in the rotation-axis di-
rection are respectively provided with the fan shaft 8f and
the fan boss 8e in the central areas where the rotation
axis is located. The rings 8b excluding those at the op-
posite ends have a ring shape and are hollow in the cen-
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tral areas where the rotation axis is located. In Fig. 3(b),
a dot-dash line is an imaginary rotation-axis line that in-
dicates the center O of rotation and connects the motor
shaft 12a and the fan shaft 8f, and depicts the rotation-
axis direction.
[0016] In Embodiment 1, multiple grooves 14 are
formed on a blade suction surface 13a between a leading
edge 15a and a trailing edge 15b of each blade 8c, as
shown in Fig. 3. The blade profile will now be described
in detail. A surface of each blade 8c that is on the rota-
tional direction side and that receives pressure during
rotation will be referred to as "blade pressure surface
13b", and a surface that is located opposite the blade
pressure surface 13b and that becomes in a negative-
pressure state during rotation will be referred to as "blade
suction surface 13a". Fig. 4 is a perspective view illus-
trating a state where, for example, a single blade 8c is
fixed to a single ring 8b, and Fig. 5 is an enlarged cross-
sectional view taken along line P-P of Fig. 4. As shown
in Fig. 4, the leading edge 15a of the blade 8c is located
on the outer circumference side of the ring 8b, the trailing
edge 15b of the blade 8c is located on the inner circum-
ference side of the ring 8b, and a substantially circular
arc shape is formed between the leading edge 15a and
the trailing edge 15b. In a cross section taken in a direc-
tion perpendicular to the rotation axis of the blade 8c, a
camber line U is a center line of a thickness of the blade
8c when not provided with the grooves 14, a chord line
L is a straight line that connects the leading edge 15a
and the trailing edge 15b of the blade 8c and L1 is the
length of the chord line L.
[0017] Furthermore, as shown in Fig. 5, as compared
with a blade thickness te1 at the leading edge 15a, which
is circular-arc-shaped, and a blade thickness te2 (not
shown) at the trailing edge 15b, a blade thickness te3 in
a midsection, in the direction of the chord line L, of the
blade 8c is configured to be thicker than the blade thick-
ness te1 and the blade thickness te2. Specifically, a max-
imum blade thickness section 15c having a maximum
thickness tmax in the direction of the chord line L is lo-
cated between the leading edge 15a and the trailing edge
15b of the blade 8c, such that the thickness increases
gradually from the leading edge 15a toward the maximum
blade thickness section 15c and then decreases gradu-
ally from the maximum blade thickness section 15c to-
ward the trailing edge 15b.
[0018] Furthermore, the blade suction surface 13a is
provided with the plurality of grooves 14 extending in the
rotation-axis direction AX, that is, in the longitudinal di-
rection of the blade. Each of the grooves 14 having a
depressed shape includes a groove bottom 14b and
groove sides 14a connected to opposite edges of the
groove bottom 14b. Figs. 6 and 7 are cross-sectional
views taken in the direction perpendicular to the rotation
axis AX of the impeller and is an explanatory diagram
illustrating the shape of the grooves 14 provided on the
blade suction surface 13a in an enlarged manner. The
groove sides 14a are inclined such that the groove width

gradually increases from the groove bottom 14b toward
the blade suction surface 13a. Furthermore, connection
areas between the groove sides 14a and the blade suc-
tion surface 13a are rounded so as to be formed into, for
example, a substantially circular arc shape. Moreover,
connection areas between the groove sides 14a and the
groove bottom 14b are rounded so as to be formed into,
for example, a substantially circular arc shape. The
groove depth of each groove 14 will be defined as h, the
groove width will be defined as g, a flat section of the
blade suction surface 13a between neighboring grooves
14 will be defined as M, and the length of the flat section
will be defined as ML. A dotted line i denotes a blade
suction surface 13a in a case where the grooves 14 are
not formed thereon. The groove width g and the flat-sec-
tion length ML are each defined as a distance between
imaginary intersection points 14p. Specifically, each im-
aginary intersection point 14p is an imaginary intersec-
tion of extension lines of the blade suction surface 13a
and the groove sides 14a.
[0019] Furthermore, as shown in Figs. 5 and 6, a dotted
line K is defined as an isopachous line from the blade
pressure surface 13b with the blade thickness te1 of the
leading edge 15a or the blade thickness te2 of the trailing
edge 15b. The groove bottom 14b of each groove 14 is
formed on the blade suction surface 13a side with respect
to the isopachous line K. Specifically, the grooves 14 are
provided on the blade suction surface 13a side with re-
spect to the isopachous line K. Furthermore, the grooves
14 are formed such that the groove depth h of each
groove 14 and the flat-section length ML of each flat sec-
tion M satisfy the following relationship: groove depth h
< flat-section length ML. In addition, a groove depth hc
in the midsection 15c between the leading edge 15a and
the trailing edge 15b is set to be larger than a groove
depth ht in areas near the leading edge 15a and the trail-
ing edge 15b.
[0020] With regard to such an impeller 8a having the
grooves 14 in the blades 8c, Fig. 8 illustrates the flow of
air along the blade suction surface 13a and the blade
pressure surface 13b of a single blade 8c when the blade
8c passes through the suction area E1 of the impeller.
Fig. 8 is an explanatory diagram illustrating the flow of
air when the blade 8c passes through the suction area
E1 of the impeller.
When the blade 8c passes through the suction area E1
of the impeller, the suction air travels from the leading
edge 15a to the blade suction surface 13a. Since the
blade suction surface 13a is provided with the grooves
14 and inside of each groove falls to a negative-pressure,
the flow turns into one with directional components
traveling toward the interior of the grooves 14, as indi-
cated by arrows 20. Accordingly, as the air flows down-
stream, even when the airflow is near to being separated
from the blade suction surface 13a, the airflow is drawn
to the blade suction surface 13a. Because the airflow is
drawn to the blade suction surface 13a until the air reach-
es the trailing edge 15b on the downstream side, a sep-
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aration vortex created when the flow departs from the
trailing edge 15b can be made smaller.
[0021] Fig. 9 is an explanatory diagram illustrating the
flow of air along the blade suction surface 13a and the
blade pressure surface 13b of a single blade 8c when
the blade 8c passes through the discharge area E2 of
the impeller. When the blade 8c passes through the dis-
charge area E2 of the impeller, the suction air travels
from the trailing edge 15b to the blade suction surface
13a. Since the blade suction surface 13a is provided with
the grooves 14 and inside of each groove falls to a neg-
ative-pressure, the flow turns into one with directional
components traveling toward the interior of the grooves
14, as indicated by arrows 21. Accordingly, as the air
flows downstream, even when the airflow is near to being
separated from the blade suction surface 13a, the airflow
is drawn to the blade suction surface 13a. Because the
airflow is drawn to the blade suction surface 13a until the
air reaches the leading edge 15a on the downstream
side, a separation vortex created when the flow departs
from the trailing edge 15b can be made smaller.
[0022] As above, with the grooves 14 provided on the
blade suction surface 13a, separation of the airflow from
the blade suction surface 13a can be suppressed in both
the suction area E1 and the discharge area E2. As a
result, a separation vortex created when the flow departs
from the leading edge 15a toward the discharge area E2
can be made smaller.
[0023] In addition, since the grooves 14 extend in the
rotation-axis direction (the longitudinal direction of the
blade), the drawing effect of the grooves 14 can be ob-
tained even when the flow of air traveling in the longitu-
dinal direction varies in air velocity. Therefore, flow sep-
aration can be suppressed throughout.
Moreover, since flow separation can be suppressed, ef-
fective area of each flow path between the blades can
be increased and, thus, motor driving torque can be re-
duced. Consequently, a highly efficient cross flow fan
can be obtained.
[0024]  In the cross section taken in the direction per-
pendicular to the rotation axis, the multiple grooves 14
formed on each blade suction surface 13a of the cross
flow fan are separated from each other by a predeter-
mined distance ML so that the flat sections M are provid-
ed between neighboring grooves 14. If the grooves 14
were to be continuously formed without any spacing ther-
ebetween in the direction of the chord line L, the flow
would not be able to reattach itself to the blade suction
surface 13a even with generation of negative pressure
in the grooves 14, causing the flow to become unstable.
Specifically, the drawing effect of the grooves 14 allows
the air flowing along the blade suction surface 13a to flow
over each groove 14 and then reattach itself to the blade
suction surface 13a connected to the groove 14. By con-
figuring the flat sections M to have the length ML between
neighboring grooves 14, a sufficient distance is ensured
for the reattachment, thereby allowing stable reattach-
ment. Accordingly, by repetition of the "reattachment to

the suction surface after exertion of the drawing effect of
the groove 14, and then re-exertion of the drawing ef-
fect..." the flow becomes constantly stable. This is par-
ticularly advantageous in that the drawing effect of the
grooves 14 can be sufficiently exhibited. As a result, a
low-noise, highly efficient cross flow fan is achieved. In
addition, flow separation caused by change in airflow re-
sistance can be prevented, and backflow toward the fan
caused by unstable discharge flow can also be prevent-
ed.
[0025] In the cross section taken in the direction per-
pendicular to the rotation axis, the connection areas be-
tween the blade suction surface 13a and the groove sides
14a of the multiple grooves 14 formed on the blade suc-
tion surface 13a have been rounded so as to be formed
into, for example, a substantially circular arc shape. Ac-
cordingly, when the air is drawn to each groove 14 while
flowing toward the downstream side of the blade suction
surface 13a, pressure fluctuations caused by air imped-
ing a corner edge can be prevented. Consequently, a
cross flow fan with lower noise and higher efficiency can
be obtained. Furthermore, the two corner edges that con-
nect the two groove sides 14a of each groove 14 to the
blade suction surface 13a have been both given a sub-
stantially circular arc shape. Thus, even when the direc-
tion of flow along the blades 8c is reversed in the suction
area E1 and the discharge area E2, flow separation can
still be suppressed in both the suction area E1 and the
discharge area E2.
[0026] Furthermore, in the cross section taken in the
direction perpendicular to the rotation axis, each groove
bottom 14b is given a rounded shape, and the groove
sides 14a continuing from the groove bottom 14b are
given a shape that widens toward the blade suction sur-
face 13a. Because the groove bottom 14b has, for ex-
ample, a circular arc shape, the flow can circulate
smoothly within the groove and is stabilized. Moreover,
since the groove sides 14a are inclined so as to widen
toward the blade suction surface 13a, the flow can be
effectively guided into the groove 14, thereby the drawing
effect can be obtained. Consequently, a cross flow fan
with lower noise and higher efficiency can be obtained.
[0027] Furthermore, the groove bottom 14b of each
groove 14 has been formed on the blade suction surface
13a side with respect to the isopachous line K. For ex-
ample, in a case in which the blade thickness near the
leading edge 15a or the trailing edge 15b is about 0.5
mm and the blade thickness at the midsection 15c is
about 1.5 mm, the isopachous line K will be located at
about 0.5 mm from the blade pressure surface 13b. Be-
cause the grooves 14 are formed on the blade suction
surface 13a side with respect to the isopachous line K,
the groove depth hc in the midsection 15c is configured
to be 1.0 mm or smaller. For example, the groove depth
h is set to about 0.25 mm and the grooves 14 near the
leading edge 15a or the trailing edge 15b are provided
in an area of the blade suction surface 13a where the
blade thickness is larger than about 0.75 mm. With this

9 10 



EP 2 549 114 A1

7

5

10

15

20

25

30

35

40

45

50

55

configuration, the drawing effect of the grooves 14 can
be obtained, and a sufficient thickness of the blades 8c
can be ensured even with the formation of the grooves
14, thereby achieving increased strength.
[0028] Furthermore, the grooves 14 are formed such
that the following relationship is satisfied: groove depth
h < flat-section length ML. Specifically, in the cross sec-
tion taken in the direction perpendicular to the rotation
axis, the multiple grooves 14 formed on each blade suc-
tion surface 13a of the cross flow fan are separated from
each other by at least the predetermined distance ML in
the direction of the chord line. Although the effects of the
flat sections M have already been described above, by
setting the flat-section length ML larger than the groove
depth h, the flat sections M can ensure the reattachment
of air after the air flows over the grooves 14, and by re-
peating this cycle of the drawing effect and the reattach-
ment, the flow is made constantly stable without sepa-
rating itself from the blade suction surface 13a. Conse-
quently, a low-noise, highly efficient cross flow fan is ob-
tained.
[0029] Although the above-described configuration is
provided with the grooves 14 in the entire blade suction
surface 13a from the leading edge 15a to the trailing edge
15b, the embodiment is not limited to this configuration.
The grooves 14 may alternatively be provided near at
least the leading edge 15a or the trailing edge 15b. For
example, the configuration may be such that a few, for
example, two, grooves 14 are provided near the leading
edge 15a, and a few, for example, two, grooves 14 are
provided near the trailing edge 15b. As a further alterna-
tive, the configuration may be such that a few, for exam-
ple, two, grooves 14 are provided only near the leading
edge 15a, or may be such that a few, for example, two,
grooves 14 are provided only near the trailing edge 15b.
By at least providing the grooves 14 at the outer blade
side 15a, which is the upstream side in the suction area
E1, and the inner blade side 15b, which is the upstream
side in the discharge area E2, airflow separation can be
effectively reduced with the grooves 14.
[0030] Depending on the configuration of the appara-
tus that is equipped with the cross flow fan 8, if flow sep-
aration tends to occur in the suction area E1, it is effective
to provide the grooves 14 near the leading edge 15a,
which is the upstream side of the flow in the suction area
E1. If flow separation tends to occur in the discharge area
E2, it is effective to provide the grooves 14 near the trail-
ing edge 15b, which is the upstream side of the flow in
the discharge area E2.
However, providing the grooves 14 on the entire blade
suction surface 13a from the leading edge 15a to the
trailing edge 15b in the cross section taken in the direction
perpendicular to the rotation axis, as shown in Figs. 8
and 9, is more effective since flow separation can be
prevented at any location of the blade suction surface
13a.
[0031] Although the grooves 14 extending in the rota-
tion-axis direction on the blade suction surface 13a of

each blade 8c are long grooves that extend from one end
to the other end of the blade 8c in the above description,
the grooves 14 may be partially provided on the blade
8c. For example, providing the grooves 14 on at least
either one of the midsection, one of the longitudinal ends,
or the other one of the longitudinal ends of the blade
would offer advantageous effects. Furthermore, the mul-
tiple grooves 14 do not necessarily need to have the
same length. Moreover, the multiple grooves 14 may be
irregularly arranged. Specifically, in the longitudinal di-
rection of the blade 8c, the multiple grooves 14 may have
various start positions and end positions depending on
each of the grooves 14.
Furthermore, for each groove 14, the groove depth h, the
flat-section length ML, and the groove width g do not
necessarily need to be the same. For example, the
groove width g may change in a gradual or stepwise man-
ner such that it is large at one longitudinal end of the
blade and small at the other end.
[0032] By forming the grooves 14 unevenly in the lon-
gitudinal direction of the blade instead of forming them
evenly, the cross section thereof taken in the direction
perpendicular to the rotation axis would vary depending
on the location in the longitudinal direction of the blade.
Specifically, the number of grooves 14 will vary in the
direction of the chord line L if air were to drift onto the
blade suction surface 13a. Even if a slight flow separation
occurs in the longitudinal direction of the blade, the flow
will be affected by the longitudinal flow close by and would
be dispersed. Thus, uniform distribution of air velocity is
obtained. Consequently, noise is reduced.
[0033] As shown in Fig. 5, the groove depth hc in the
midsection of each blade 8c between the leading edge
15a and the trailing edge 15b in the direction of the chord
line L is made larger than the groove depth ht on the
leading edge 15a side and the trailing edge 15b side and
the blade thickness of the blades 8c will not become ex-
cessively small. Therefore, the drawing effect of the
grooves 14 can be obtained. In addition, misrun during
a molding process and strength being insufficient during
an assembly process can be prevented, thereby achiev-
ing improved productivity.
[0034] Regarding the shape of each blade 8c, if the
blade thickness between the blade pressure surface 13a
and the blade suction surface 13b were substantially con-
stant, the flow path would gradually become narrow from
the trailing edge 15b to the leading edge 15a. In this case,
especially when air flows in from the outer circumference
side to the inner circumference side in the suction area,
the distance between blades increases on the inner cir-
cumference side, causing the flow to become unstable.
However, by providing the grooves 14, flow separation
can be suppressed by the drawing effect. On the other
hand, with the blade profile as shown in Fig. 5, the blade
suction surface 13a has a smaller arc radius and a larger
curvature than the blade pressure surface 13b. Specifi-
cally, the blade thickness in the midsection 15c in the
direction of the chord line L is larger than the blade thick-
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nesses at the leading edge 15a and the trailing edge 15b.
With this shape, a variation in the distance of a flow path
between neighboring blades 8c is small from the trailing
edges 15b to the leading edges 15a, thus stabilizing the
flow when traveling through between the blades. Hence,
the grooves 14 are provided on each blade suction sur-
face 13a as in Embodiment 1 so as to suppress the de-
velopment of a small boundary layer, thereby allowing
smooth airflow between the blades and preventing the
flow path between the blades from becoming narrow due
to turbulence.
[0035] Furthermore, in Embodiment 1, the multiple
grooves 14 are arranged substantially parallel to each
other in the longitudinal direction of each blade, and are
also formed substantially parallel to the leading edge 15a
and the trailing edge 15b in the longitudinal direction.
Since the drawing effect can be obtained so long as the
multiple grooves 14 are formed in the cross section taken
in the direction perpendicular to the rotation axis, a similar
effect can be obtained even if the grooves 14 are slightly
slanted relative to the leading edge 15a and the trailing
edge 15b in the longitudinal direction of the blade. For
example, the multiple arranged grooves 14 may be
formed in a twisted pattern relative to the rotation axis
such that the grooves 14 advance or recede in the rota-
tional direction of the impeller 8a.
[0036] As described above, the cross flow fan accord-
ing to Embodiment 1 includes impeller units including
disk-shaped support plates 8b whose center of rotation
is located in a center thereof and a plurality of blades 8c
extending in a rotation-axis direction and arranged along
outer peripheries of the support plates 8b, the blades 8c
each being supported by the support plates 8b at oppo-
site ends; an impeller 8a formed by fixing the multiple
impeller units 8d in the rotation-axis direction; and a plu-
rality of grooves 14 having a depressed shape that extend
in the rotation-axis direction, the grooves 14 being pro-
vided on a blade suction surface 13a serving as a back
side in a rotational direction of each blade 8c, in which
the grooves 14 are separated from each other by a pre-
determined distance such that a flat section M is provided
between neighboring grooves 14. By producing a nega-
tive-pressure state in each groove 14, the airflow is drawn
to the blade suction surface 13a so that the air flowing
over the groove 14 reattaches itself to the blade suction
surface 13a, thereby reducing the occurrence of flow sep-
aration therefrom. The suppression of flow separation
and the suppression of development of a boundary layer
on the suction surface side of each blade facilitate in-
crease in the effective area of the flow path between the
blades as well as decrease of motor driving torque. Con-
sequently, a low-noise, highly efficient cross flow fan is
obtained.
[0037] By installing the cross flow fan 8 described in
Embodiment 1 to an air-conditioning apparatus that dis-
poses a cross flow fan 8 between a suction side flow path
E1 and a discharge side flow path E2, that disposes a
heat exchanger 7 in the suction side flow path E1 so as

to surround an impeller 8a, and that exchanges heat in
the heat exchanger with the suction air that is to be sent
out with a cross flow fan 8 and blows out the air through
the discharge side flow path E2 into a room, a quiet, en-
ergy-saving air-conditioning apparatus can be obtained.
In addition, flow separation is unlikely to occur even if the
airflow resistance increases on the upstream side, and
a separation vortex caused when the flow departs from
each blade 8c can be made smaller with the grooves 14,
thus flow is discharged in a stable manner. Hence, during
cooling operation of the air-conditioning apparatus, back-
flow from the room toward the cross flow fan 8 can be
prevented, while also preventing dew formed as a result
of condensation in the impeller 8a from being released
to the outside.

Embodiment 2

[0038] Fig. 10 is a perspective view illustrating the im-
peller 8a of a cross flow fan according to Embodiment 2
of the invention. Fig. 11 illustrates a part of the impeller
on the motor side of the cross flow fan, and includes Fig.
11 (a) showing a partial perspective view of the impeller
8a on the motor side and Fig. 11 (b) is an explanatory
diagram showing a side view thereof. Fig. 11 (b) shows
a partially cutaway side of the ring 8b located closest to
the motor, in which the cutaway area shows the neigh-
boring ring 8b together with the blades 8c. In each of the
drawings, reference numerals or characters that are the
same as those in Embodiment 1 denote the same com-
ponents or equivalent components.
[0039] In the impeller 8a according to Embodiment 2,
the fan boss 8e fixed to the motor shaft 12a protrudes
into the impeller unit 8d located at an end of the impeller
8a. As shown in Fig. 10, the impeller 8a of the cross flow
fan 8 has a plurality of impeller units 8d in the rotation-
axis direction AX. The impeller units 8d include disk-
shaped support plates, for example, rings 8b in this case,
whose center of rotation is located in the center thereof,
and a plurality of blades 8c extending in the rotation-axis
direction and arranged along the outer peripheries of the
rings 8b. Opposite ends of the blades 8c are supported
by the rings 8b. For example, the impeller units 8d are
formed by molding thermoplastic resin, such as AS resin
or ABS resin. The impeller 8a is formed by preparing a
plurality of, five in this case, impeller units 8d in the rota-
tion-axis direction AX, and then fixing them to each other
in the rotation-axis direction AX by, for example, ultra-
sonic welding. The fan boss 8e is provided at the center
of the ring 8b located at the motor-side end, and the fan
boss 8e and the motor shaft 12a (shown in Fig. 3) of the
motor 12 are fixed to each other at a fixation section 16
by using a screw or the like. By fixing the motor shaft 12a
and the rotation shaft of the impeller 8a to each other at
the fixation section 16, the impeller 8a is rotationally driv-
en by rotation of the motor 12.
[0040] In Embodiment 2, the fan boss 8e that fixes the
impeller 8a and the motor 12 to each other protrudes into
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the impeller, and the fixation section fixed to the motor
shaft 12a is located within an impeller unit 8da. With this
configuration, the overall length of the impeller 8a can be
increased by the length of the fan boss 8e while main-
taining the breadth of the air-conditioning apparatus,
thereby improving air-sending characteristics. The im-
peller unit 8da having this configuration located on the
motor-12-side end has an opening C where the blades
8c are partially not provided, so that a fixing member can
be inserted when fixing the fan boss 8e and the motor
shaft 12a to each other via the threaded hole 16. A circle
C in Fig. 11 denotes the opening. For example, the blades
8c are evenly provided 360 degrees around the rotation
axis, that is, the shaft, in other impeller units 8d; however,
a predetermined number of blades 8c, for example, a
single blade in this case, is not provided in an area of the
impeller unit 8da that faces the threaded hole 16, such
that the threaded hole 16 is exposed through the opening
C.
[0041] In Embodiment 2, in the case of the impeller 8a
in which the impeller unit 8da partially lacks a blade so
as to have the opening C, the grooves 14 shown in Em-
bodiment 1 are at least provided on the blade suction
surface 13a of a blade 8ca that is located in an advanced
position in the rotational direction relative to the opening
C.
[0042] Because the distance between the blade 8ca
and a blade 8cb that are next to each other with the open-
ing C therebetween is larger than the distance between
the other blades, the amount of airflow is larger than that
in flow paths formed between the other blades, thus caus-
ing flow separation to occur more easily. When flow sep-
aration occurs in the wide flow path formed in the opening
C, abnormal flapping sound may be generated. There-
fore, in Embodiment 2, the multiple grooves 14 extending
in the longitudinal direction of the blade 8c are at least
formed on the blade suction surface 13a of the blade 8ca
located firstly on the downstream side of the opening C
in the rotational direction of the blade 8c. As already de-
scribed in Embodiment 1, since the flow is drawn by the
grooves 14 so that flow separation is suppressed, as
shown in Figs. 8 and 9, noise caused by flow separation
is reduced compared with a case where the grooves 14
are not formed, whereby a quiet cross flow fan can be
obtained.
[0043] The configuration of the grooves 14 is the same
as that in Embodiment 1. By at least providing the
grooves 14 shown in Embodiment 1 on the blade suction
surface 13a of the blade 8ca that is located in an ad-
vanced position in the rotational direction relative to the
opening C, there is an advantageous effect on the air
flowing through between the blades. In addition, by pro-
viding the grooves 14 on the blade suction surfaces 13a
of the other blades 8c, the occurrence of flow separation
between the blades can be further suppressed in the en-
tire impeller. Since flow separation can be suppressed,
effective area of each flow path between the blades can
be increased and, thus, motor driving torque can be re-

duced.
[0044] It is further advantageous to provide the
grooves 14 not only on the blade suction surface 13a of
the blade 8ca that is located in an advanced position in
the rotational direction relative to the opening C, but also
in a plurality of blades 8c that are located in an advanced
position in the rotational direction relative to the opening
C, as indicated by an area D. Furthermore, it is even
more advantageous to provide the grooves 14 on the
blade suction surfaces 13a of a plurality of blades 8c,
including the blade 8cb, located in the direction opposite
to the rotational direction relative to the opening C.
[0045] Although Fig. 11 illustrates the configuration in
which a single blade 8c is not provided so that the fixing
member can be inserted into the fixation section 16, the
embodiment is not limited to this configuration. For ex-
ample, there may be a case where the impeller unit 8d
is provided with multiple blades 8c at an uneven pitch
instead of an even pitch. In that case, by forming the
fixation section 16 so that it faces the area with a large
pitch, the fixing member can be inserted into the fixation
section 16. Accordingly, even in the case where the open-
ing C is formed by partially widening the pitch of the
blades 8c so that the fixing member can be inserted into
the fixation section 16, multiple grooves 14 extending in
the rotation-axis direction AX may at least be provided
on the blade suction surface 13a, serving as a trailing
surface in the rotational direction RO, of the blade 8c
located adjacent to the opening C at the rotational direc-
tion RO side of the impeller 8a.
[0046]  As described above, the cross flow fan includes
impeller units 8d includes disk-shaped support plates 8b
whose center of rotation is located in a center thereof
and a plurality of blades 8c extending in a rotation-axis
direction AX and arranged along outer peripheries of the
support plates 8b, the blades 8c each being supported
by the support plates 8b at opposite ends; an impeller 8a
formed by fixing the multiple impeller units 8d in the ro-
tation-axis direction AX; a motor 12 having a motor shaft
12a that is fixed to the support plate 8b located at an end
of the impeller 8a, the motor 12 rotationally driving the
impeller 8a; a fixation section 16 for the motor shaft 12a
that is located in one of a relevant impeller unit 8d; and
an opening C formed by partially widening a pitch of the
blades 8c of the impeller units 8d so that a fixing member
is insertable into the fixation section 16, in which multiple
grooves 14 having a depressed shape and extending in
the rotation-axis direction AX are provided on a blade
suction surface 13a, which serves as a back side in a
rotational direction RO, of at least a blade 8ca located
adjacent to the opening C on the rotational-direction RO
side of the impeller 8a. Accordingly, flow separation from
the blade suction surface 13a is suppressed. Therefore,
stable flow is obtained, whereby noise can be reduced.
[0047] Furthermore, as described in Embodiment 1, in
the cross section taken in the direction perpendicular to
the rotation axis, the grooves 14 may be separated from
each other by a predetermined distance so that flat sec-
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tions M are provided between neighboring grooves. With
this configuration, the manufacturing process is facilitat-
ed since the fixation section 16 is exposed. In addition,
even with the opening C partially provided between the
blades, the flow can still be stabilized due to the drawing
effect of the grooves 14 and the reattachment effect by
the flat sections M, whereby a low-noise, efficient cross
flow fan can be obtained.
Furthermore, by installing the cross flow fan in an air-
conditioning apparatus, a high quality, quiet air-condi-
tioning apparatus with no discordant noise can be ob-
tained.
[0048] The above description relates to a configuration
that suppresses flow separation while taking into account
the flow in an area where the distance between neigh-
boring blades is increased due to facilitation of the as-
sembly process related to the fixation section However,
the embodiment is not limited to this configuration. In a
case where the area where the distance between neigh-
boring blades is provided due to other reasons, the mul-
tiple grooves 14 extending in the rotation-axis direction
AX may at least be provided on the blade suction surface
13a of the blade 8c located on the rotational-direction
side of the area with the increased distance.

Embodiment 3

[0049] Embodiment 3 of the invention will be described
below with reference to the drawings. Fig. 12 is a sche-
matic diagram illustrating the impeller 8a of the cross flow
fan 8 according to Embodiment 3, and includes Fig. 12
(a) showing a side view of the cross flow fan 8 and Fig.
12(b) showing a cross-sectional view taken along line S-
S of Fig. 12(a). A lower half of Fig. 3(b) shows a plurality
of blades on the far side of each of the impeller units 8d
in a viewable state, whereas an upper half thereof shows
a single blade 8c of each of the impeller units 8d. In each
of the drawings, reference numerals or characters that
are the same as those in Embodiment 1 and Embodiment
2 denote the same components or equivalent compo-
nents. In Fig. 12(b), a dot-dash line is an imaginary rota-
tion-axis line that indicates the center O of rotation and
connects the motor shaft 12a and the fan shaft 8f. As
shown in Fig. 12, the impeller 8a of the cross flow fan 8
has a plurality of impeller units 8d in the rotation-axis
direction AX. The impeller units 8d include disk-shaped
support plates, for example, rings 8b in this case, whose
center of rotation is located in the center thereof, and a
plurality of blades 8c extending in the rotation-axis direc-
tion and arranged along the outer peripheries of the rings
8b. Opposite ends of the blades 8c are supported by the
rings 8b. In each impeller unit 8d in Embodiment 3, each
of the blades 8c is formed such that a base section (right
side in Fig. 12(b)) serving as a connection section where
one end is connected to the corresponding ring 8b has
the largest cross-sectional shape taken in the direction
perpendicular to the rotation axis, and the cross-sectional
shape gradually becomes smaller therefrom. Moreover,

each blade 8c is tapered such that a tip in the longitudinal
direction (left side in Fig. 12(b)) serving as a connection
section where the other end is fixed to the adjacent im-
peller unit 8d has the smallest cross-sectional shape tak-
en in the direction perpendicular to the rotation axis. Spe-
cifically, in the cross section taken in the direction per-
pendicular to the rotation axis, the blade thickness of the
blade 8c, which is formed by the blade suction surface
13a and the blade pressure surface 13b, and the blade-
chord-line length L1, which is the length of a line that
connects the leading edge 15a and the trailing edge 15b,
decrease from the base section toward the tip in the lon-
gitudinal direction. Therefore, in the cross-sectional view
shown in Fig. 12(b), the leading edge 15a and the trailing
edge 15b are both slanted toward the inner side of the
blade 8c from the base section toward the end in the
longitudinal direction. In Embodiment 3, multiple grooves
14 having a depressed shape that extend in the rotation-
axis direction AX are provided in the blade suction sur-
face 13a that is a back side in the rotational direction of
the blade 8c.
[0050] In the manufacturing process, each impeller
unit 8d is formed by molding thermoplastic resin, such
as AS resin or ABS resin. Although multiple blades 8c
are fixed between two rings 8b in the impeller 8a, each
impeller unit 8d is formed by integrally molding the blades
8c with one of the rings 8b, for example, the ring 8b on
the motor side. Fig. 13 illustrates how a mold release
step is performed in this resin molding process. Fig. 13
is a cross-sectional view of molds 17 and 18. Although
Fig. 13 shows a state where one upper blade 8c and one
lower blade 8c have been molded, multiple blades 8c are
molded while being annularly arranged within the outer
periphery of each ring 8b in actuality. The resin molding
process involves fabricating the molds 17 and 18 with a
concave and convex relief structure in conformity to the
shape of the multiple blades 8c, injecting resin into the
molds at high pressure, cooling the resin, and moving
the mold 18 in the direction of the arrow so that an impeller
unit 8d composed of resin is obtained.
[0051] If the molds are to be released in the rotation-
axis direction AX, as indicated by the arrow, the impeller
unit 8d needs to have a shape that allows the molds to
be releasable in the rotation-axis direction AX. Therefore,
in the impeller unit 8d, each of the blades 8c is formed
such that a base section 8c1, which is where the blade
8c is connected to the ring 8b, has the largest cross-
sectional shape, and a longitudinal tip 8c2 has the small-
est cross-sectional shape. By giving each blade 8c such
a cross-sectional shape, the mold release step during
the resin molding process is performed smoothly. In this
case, for example, each blade 8c is tapered such that
the cross-sectional shape thereof gradually becomes
smaller from the base section 8c1 toward the longitudinal
tip 8c2 of the blade 8c. The leading edge 15a and the
trailing edge 15b are slanted at, for example, about sev-
eral degrees toward the inner side of the blade 8c. There-
fore, when the mold 18 is slightly moved during the mold
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release step, the mold 18 is released away from the mold-
ed impeller unit 8d with a gap formed therebetween over
the entire surfaces of the blades 8c, whereby the mold
release step is performed readily and smoothly.
[0052]  Then, the tapered longitudinal tips 8c2 of the
resin-molded impeller unit 8d are fixed to an adjacent
ring 8b by, for example, ultrasonic welding, so that the
impeller units 8d are fixed to each other in the rotation-
axis direction AX, whereby an impeller 8a is formed.
[0053] In Embodiment 3, the grooves 14 similar to
those in Embodiment 1 are provided on the blade suction
surface 13a of each blade 8c. Specifically, the blade suc-
tion surface 13a of the blade 8c is provided with a plurality
of grooves 14 having a depressed shape that extend in
the longitudinal direction of the blade, which is the rota-
tion-axis direction AX. In the cross section taken in the
direction perpendicular to the rotation axis, the multiple
grooves 14 arranged at, for example, an even pitch be-
tween the leading edge 15a and the trailing edge 15b
each have a groove bottom 14b and two groove sides
14a facing each other, and the groove bottom 14b has a
rounded shape, such as a substantially circular arc
shape. The groove sides 14a extending continuously
from the groove bottom 14b widen toward the blade suc-
tion surface 13a, and connection areas between the
groove sides 14a and the blade suction surface 13 also
have a rounded shape. The grooves 14 extending in the
rotation-axis direction AX have a shape with protrusions
and depressions in the circumferential direction of the
impeller 8a but with no protrusions and depressions in
the rotation-axis direction AX. Therefore, the grooves 14
have a shape that is suitable for molding each impeller
unit 8d in the resin molding process shown in Fig. 13 in
which the mold release step is performed in the rotation-
axis direction AX.
[0054] The shape of the blades will be further de-
scribed in detail below. Fig. 14 is a cross-sectional view
of one of the blades taken along line A-A in Fig. 12 and
shows the cross section of the longitudinal tip 8c2 of the
blade 8c. Fig. 15 is a cross-sectional view of one of the
blades taken along line B-B in Fig. 12 and shows the
cross section of the base section 8c1 of the blade 8c. As
shown in Figs. 14 and 15, in the cross section taken in
the direction perpendicular to the rotation axis of the cross
flow fan, the shape of the blade 8c is the same in any
cross section, and the base section 8c1 has maximum
dimensions, whereas the longitudinal tip 8c2 has mini-
mum dimensions.
[0055] In Fig. 14 showing the cross section of the lon-
gitudinal tip 8c2, the length of the chord line will be defined
as L12, the groove depth will be defined as h2, the groove
width will be defined as g2, and the maximum blade thick-
ness, which is the diameter of an inscribed circle of the
blade pressure surface 13b and the blade suction surface
13a of the blade 8c, will be defined as tmax2. Similarly,
in Fig. 15 showing the cross section of the base section
8c1, the length of the chord line will be defined as L11,
the groove depth will be defined as h1, the groove width

will be defined as g1, and the maximum blade thickness
will be defined as tmax1. The definitions of the groove
width g and the groove depth h are the same of those
shown in Fig. 7 in Embodiment 1. Each blade 8c accord-
ing to Embodiment 3 has a tapered shape in which the
relationships tmax1 > tmax2 and L11 > L12 are satisfied,
and the length L1 of the chord line and the maximum
thickness tmax gradually decrease from the base section
8c1 toward the longitudinal tip 8c2. With regard to the
grooves 14, in the exemplary configuration shown in Fig.
12, multiple grooves 14 having the same shape are pro-
vided on the blade suction surface 13a while the relation-
ships h1=h2 and g1=g2 are satisfied.
[0056] Similar to Embodiment 1, when each blade 8c
passes through the suction area E1, suction air travels
from the leading edge 15a to the blade suction surface
13a. Since the multiple grooves 14 extending in the lon-
gitudinal direction of the blade are formed on the blade
suction surface 13a, the airflow produced as the suction
air travels along the blade suction surface 13a is as
shown in Fig. 8. Specifically, a negative-pressure state
is produced within the grooves 14, thereby causing the
flow to have directional components traveling toward the
interior of the grooves 14, as indicated by the arrows 20.
Therefore, even when the airflow is near to being sepa-
rated at the leading edge 15a, the airflow is drawn to the
blade suction surface 13a. Moreover, because the airflow
is drawn to the blade suction surface 13a until the air
reaches the trailing edge 15b on the downstream side,
a separation vortex created when the flow departs from
the trailing edge 15b can be made smaller.
[0057] Furthermore, as shown in Fig. 9, when the blade
8c passes through the discharge area E2, the suction air
travels from the trailing edge 15b to the blade suction
surface 13a. Since the blade suction surface 13a is pro-
vided with the grooves 14 and inside of each groove falls
to a negative-pressure, the flow turns into one with direc-
tional components traveling toward the interior of the
grooves 14, as indicated by arrows 21. Accordingly, as
the air flows downstream, even when the airflow is near
to being separated from the blade suction surface 13a,
the airflow is drawn to the blade suction surface 13a.
Because the airflow is drawn to the blade suction surface
13a until the air reaches the leading edge 15a on the
downstream side, a separation vortex created when the
flow departs from the trailing edge 15b can be made
smaller.
[0058] As above, with the grooves 14 provided on the
blade suction surface 13a, separation of the airflow from
the blade suction surface 13a can be suppressed in both
the suction area E1 and the discharge area E2. As a
result, a separation vortex created when the flow departs
from the leading edge 15a toward the discharge area E2
can be made smaller.
[0059] In addition, since the grooves 14 extend in the
rotation-axis direction AX, the drawing effect of the
grooves 14 can be obtained even when variation in air
velocity occurs in the longitudinal direction of the blade.
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Therefore, flow separation can be suppressed through-
out.
Moreover, since flow separation can be suppressed, ef-
fective area of each flow path between the blades can
be increased and, thus, motor driving torque can be re-
duced. Consequently, a highly efficient cross flow fan
can be obtained.
[0060] Furthermore, similar to Fig. 7 in Embodiment 1,
in the cross section taken in the direction perpendicular
to the rotation axis, the multiple grooves 14 formed on
each blade suction surface 13a of the cross flow fan are
separated from each other by a predetermined distance
ML so that the flat sections M are provided between
neighboring grooves 14. As above, by configuring the flat
sections M to have the length ML between neighboring
grooves 14, a sufficient distance is ensured for the reat-
tachment, thereby allowing stable reattachment. By rep-
etition of the "reattachment to the suction surface 13a
after exertion of the drawing effect of the groove 14, and
then re-exertion of the drawing effect..." the flow becomes
constantly stable. This is particularly advantageous in
that the drawing effect of the grooves 14 can be effec-
tively exhibited. As a result, a low-noise, highly-efficient
cross flow fan is achieved. In addition, flow separation
caused by change in airflow resistance can be prevented,
and backflow toward the fan caused by unstable dis-
charge flow can also be prevented.
[0061] Furthermore, similar to Embodiment 1, in the
cross section taken in the direction perpendicular to the
rotation axis, the connection areas between the blade
suction surface 13a and the groove sides 14a of the mul-
tiple grooves 14 formed on the blade suction surface 13a
have been rounded so as to be formed into, for example,
a substantially circular arc shape. Accordingly, when the
air is drawn to each groove 14 while flowing toward the
downstream side of the blade suction surface 13a, pres-
sure fluctuations caused by air impeding a corner edge
can be prevented. Consequently, a cross flow fan with
lower noise and higher efficiency can be obtained. Fur-
thermore, the two corner edges that connect the two
groove sides 14a of each groove 14 to the blade suction
surface 13a have been both given a substantially circular
arc shape. Thus, even when the direction of flow along
the blades 8c is reversed in the suction area E1 and the
discharge area E2, flow separation can still be sup-
pressed in both the suction area E1 and the discharge
area E2.
[0062] Furthermore, similar to Embodiment 1, in the
cross section taken in the direction perpendicular to the
rotation axis, each groove bottom 14b is given a rounded
shape, and the groove sides 14a continuing from the
groove bottom 14b are given a shape that widens toward
the blade suction surface 13a. Because the groove bot-
tom 14b has, for example, a circular arc shape, the flow
can circulate smoothly within the groove and is stabilized.
Moreover, since the groove sides 14a are inclined so as
to widen toward the blade suction surface 13a, the flow
can be effectively guided into the groove 14, thereby the

drawing effect can be obtained. Consequently, a cross
flow fan with lower noise and higher efficiency can be
obtained.
[0063] Furthermore, similar to Embodiment 1, the
groove bottom 14b of each groove 14 has been formed
on the blade suction surface 13a side with respect to the
isopachous line K. With this configuration, the drawing
effect of the grooves 14 can be obtained, and a sufficient
thickness of the blades 8c can be ensured even with the
formation of the grooves 14, thereby achieving increased
strength.
[0064] Furthermore, similar to Embodiment 1, the
grooves 14 are formed such that the following relation-
ship is satisfied from the base section 8c1 to the longitu-
dinal tip 8c2 in any cross section taken in the direction
perpendicular to the rotation axis: groove depth h < flat-
section length ML. By setting the flat-section length ML
larger than the groove depth h, the flat sections M can
ensure the reattachment of air after the air flows over the
grooves 14, and by repeating this cycle of the drawing
effect and the reattachment, the flow is made constantly
stable without separating itself from the blade suction
surface 13a. Consequently, a low-noise, highly-efficient
cross flow fan is obtained.
[0065]  Accordingly, in a cross flow fan with a config-
uration that allows a simple and smooth mold release
step, noise reduction and higher efficiency are achieved.
By installing this cross flow fan in an air-conditioning ap-
paratus, a quiet, energy-saving air-conditioning appara-
tus with good productivity is obtained.
[0066] Fig. 16 is a perspective view illustrating a single
blade of another explanatory configuration of the cross
flow fan according to Embodiment 3. In this configuration,
the groove width g or the groove depth h of each groove
14 is not constant in the longitudinal direction of the blade,
but is varied between the base section 8c1 and the lon-
gitudinal tip 8c2. Fig. 17 is a partially enlarged cross-
sectional view of the longitudinal tip 8c2 of the blade 8c,
taken in the direction perpendicular to the rotation axis.
Specifically, Fig. 17 is similar to the cross-sectional view
taken along line A-A in Fig. 12. The groove width g1 and
the groove depth h1 of each groove 14 at the base section
8c1 and the groove width g2 and the groove depth h2 of
the groove 14 at the longitudinal tip 8c2 have the following
relationships: g1 < g2 and h1 < h2. Each blade 8c has a
tapered shape in which the blade thickness and the
length L1 of the chord line gradually decrease from the
base section 8c1 at the ring 8b side toward the longitu-
dinal tip 8c2, which is a free end before the fixing process.
Moreover, each groove 14 having a depressed shape
provided on the blade suction surface 13a is formed such
that the groove width g and the groove depth h gradually
increase from the base section 8c1 toward the longitudi-
nal tip 8c2.
[0067] Therefore, in addition to the suppression of flow
separation owing to the drawing effect of the grooves 14,
the drawing effect smoothly changes in the longitudinal
direction of the blade (the rotation-axis direction) as the
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air flows over each groove 14. When the flow is released
from the blade 8c, the speed and direction of the flow
smoothly change in the longitudinal direction of the blade,
so that the speed and angle of flow that comes into con-
tact with the guide wall 10 change especially in the dis-
charge area E2. Because the discharge flow does not
reach the guide wall 10 at the same time, pressure fluc-
tuations can be alleviated, thereby achieving further
noise reduction.
[0068] Furthermore, when the manufacturing process
is performed by a molding method in which the molds 17
and 18 are released away from each other in the rotation-
axis direction AX, as shown in Fig. 13, since the leading
edge 15a and the trailing edge 15b are slightly slanted
in the mold-releasing direction and the entire depression
constituting each groove 14 is slightly slanted in the mold-
releasing direction, the entire blade 8c including the
grooves 14 can be readily released during the resin mold-
ing process.
[0069] As a result, further noise reduction and higher
efficiency can be achieved in the cross flow fan while
maintaining productivity. In addition, flow separation
caused by a change in airflow resistance can be prevent-
ed so that stable discharge flow can be achieved, thereby
achieving a low-noise, highly-efficient cross flow fan.
[0070] In the longitudinal direction of the impeller units
8d, each blade 8c has a tapered shape in which the blade
thickness and the length L1 of the chord line gradually
decrease from the base section 8c1 on the ring 8b side
toward the longitudinal tip 8c2, which is a free end before
the fixing process, such that the cross-sectional shape
of the blade 8c, taken in the direction perpendicular to
the rotation-axis direction, gradually becomes smaller.
Alternatively, for example, instead of gradually varying
the cross-sectional shape of the blade 8c by giving it a
slanted shape, the cross-sectional shape thereof may be
varied in a stepwise manner. Even with this configuration
in which the cross-sectional shape is varied in a stepwise
manner, when the mold 18 is slightly moved during the
mold release step, as in the configuration in which the
shape is gradually varied, the mold 18 is released away
from a molded impeller unit 8d with a gap formed there-
between over the entire surface of the impeller unit 8d
whereby the mold release step is performed readily and
smoothly.
[0071] Furthermore, the groove width g and the groove
depth h of each groove 14 formed on the blade suction
surface 13a does not necessarily need to be increased
gradually from the base section 8c1 side toward the lon-
gitudinal tip 8c2. Specifically, at least the groove width g
or the groove depth h of the groove 14 may be increased
in a gradual or stepwise manner. In the longitudinal di-
rection of the blade, at least the groove width g or the
groove depth h may be increased in a gradual or stepwise
manner. Even with the grooves 14 whose depressed
shape changes in a stepwise manner, the drawing effect
changes in the longitudinal direction of the blade as the
air flows over each groove 14. When the flow is released

from the blade 8c, the speed and direction of the flow
change in the longitudinal direction of the blade. Conse-
quently, since the speed and angle of the discharge flow
change when coming into contact with the guide wall 10
especially in the discharge area E2, the discharge flow
does not reach the guide wall 10 at the same time. As
such, pressure fluctuations can be alleviated and further
noise reduction can be achieved.
[0072] Furthermore, the groove depth ht on the leading
edge 15a side and the trailing edge 15b side may be
made smaller than the groove depth hc in around the
midsection 15c that is between the leading edge 15a and
the trailing edge 15b of the blade 8c in the direction of
the chord line L in Fig. 17. In this case, the blade 8c would
not be extremely thin even with the formation of the
grooves 14 on the blade suction surface 13a. Thus, mis-
run during the molding process and strength being insuf-
ficient during the assembly process can be prevented,
thereby improved productivity can be achieved.
[0073] Furthermore, even in the case where the groove
width g and the groove depth h of each groove 14 are
varied between the base section 8c1 and the longitudinal
tip 8c2, as shown in Fig. 16, the cross-sectional shape
of the groove 14 taken in the direction perpendicular to
the rotation axis is the same as that in Embodiment 1.
Specifically, by designing the flat sections M, the shape
of the groove sides 14a, the corner edges between the
groove sides 14a and the blade suction surface 13a, and
the shape of the groove bottoms 14b in a similar manner
to those in Embodiment 1, further noise reduction can be
achieved, whereby an efficient cross flow fan can be ob-
tained.
[0074] Fig. 18 illustrates another explanatory configu-
ration of the cross flow fan according to Embodiment 3
and is a front view of one of blades 8c. In this configura-
tion, three grooves 14, for example, are provided only on
the outer side of the blade suction surface 13a where the
leading edge 15a is located. The shape of a single groove
14 is the same as that in Fig. 17.
In this configuration in which the grooves 14 are provided
only on the outer side of the blade, since the drawing
effect of the grooves 14 is obtained at the leading edge
15a where flow separation first occur in the suction area
E1, flow separation can be suppressed in the suction
area E1 so that the flow is stabilized, thereby preventing
flow separation in the discharge area E2. Consequently,
a quiet, energy-saving cross flow fan can be obtained.
Furthermore, multiple grooves 14 may also be provided
on the trailing edge 15b side in addition to the leading
edge 15a side. Specifically, multiple grooves 14 may be
provided on the outer side and the inner side of the blade
8c but not in the midsection thereof. In a configuration in
which the grooves 14 are provided on the trailing edge
15b side, flow separation can be advantageously sup-
pressed particularly in the discharge area E2. By provid-
ing multiple grooves 14 extending in the rotation-axis di-
rection AX on at least the leading edge 15a side or the
trailing edge 15b side of the blade suction surface 13a,
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a drawing effect can be obtained to a certain degree.
[0075] As described in Embodiment 1, depending on
the configuration of the apparatus that is equipped with
the cross flow fan 8, if flow separation tends to occur in
the suction area E1, it is effective to provide the grooves
14 near the leading edge 15a, which is the upstream side
of the flow in the suction area E1. If flow separation tends
to occur in the discharge area E2, it is effective to provide
the grooves 14 near the trailing edge 15b, which is the
upstream side of the flow in the discharge area E2.
However, providing the grooves 14 in the entire blade
suction surface 13a from the leading edge 15a to the
trailing edge 15b in the cross section taken in the direction
perpendicular to the rotation axis, as shown in Figs. 8
and 9, is more effective since flow separation can be
prevented at any location of the blade suction surface
13a.
[0076] The grooves 14 provided on the blade suction
surface 13a described above extend from the base sec-
tion 8c1 to the longitudinal tip 8c2, and the grooves 14
all have the same length. Configuration examples in
which the grooves 14 have different lengths will be de-
scribed here. Fig. 19 illustrates another explanatory con-
figuration of the cross flow fan according to Embodiment
3 and is a front view of one of blades 8c. In this configu-
ration, multiple grooves 14 are provided on the longitu-
dinal tip 8c2 side of the blade suction surface 13a but not
on the base section 8c1 side. The shape of a single
groove 14 is the same as that in Fig. 15, meaning that at
least the groove depth h or the groove width g of the
groove 14 increases from the base section 8c1 toward
the longitudinal tip 8c2.
[0077] In the case where the blade 8c is tapered, the
longitudinal tip 8c2 side has a small blade thickness and
a short blade-chord-line length L1. Therefore, as com-
pared with the base section 8c1 side, flow separation
tends to occur since the distance between the blade suc-
tion surface 13a and the neighboring blade pressure sur-
face 13b is large. By at least forming the grooves 14 on
the longitudinal tip 8c2 side, flow separation can be sup-
pressed owing to the drawing effect by the negative-pres-
sure state in the grooves 14, thereby achieving noise
reduction.
[0078]  Furthermore, the multiple grooves 14 formed
on the blade suction surface 13a have different lengths
J, in the longitudinal direction of the blade 8c, that are
varied in a gradual manner. With an end of each groove
14 on the base section 8c1 side being defined as a
groove-side end 14c, the grooves 14 are formed such
that the groove-side ends 14c of the grooves 14 are ar-
ranged slantwise relative to the rotation axis of the im-
peller. Therefore, the lengths J of the grooves 14 in the
longitudinal direction gradually increase in the circumfer-
ential direction of the rings 8b. In the configuration shown
in Fig. 19, the grooves 14 are formed such that the lengths
J thereof gradually increase in a slantwise manner from
the leading edge 15a toward the trailing edge 15b.
[0079] Because the number of grooves 14 in the direc-

tion of the chord line varies depending on the location in
the longitudinal direction of the blade, the airflow shown
in Fig. 7 would vary in the suction area E1 depending on
the location in the longitudinal direction of the blade. In
the case where the cross flow fan is installed in, for ex-
ample, an air-conditioning apparatus, the suction flow
may sometimes drift in the suction area E1 due to the
effect of a resistive element in the longitudinal direction
of the blade. Even when the suction flow drifts, the draw-
ing effect changes more gradually in the longitudinal di-
rection of the blade in the configuration shown in Fig. 19.
Therefore, uniform distribution of air velocity can be
achieved, and a local increase in air velocity on the blade
surface can be suppressed, thereby stabilizing the flow
and achieving noise reduction.
[0080] Fig. 20 illustrates another explanatory configu-
ration of the cross flow fan according to Embodiment 3
and is a front view of one of blades 8c. In this explanatory
configuration, the grooves 14 are formed such that the
lengths J thereof gradually decrease in a slantwise man-
ner from the leading edge 15a toward the trailing edge
15b. Similar to Fig. 19, with the grooves 14 having this
configuration, the drawing effect changes more gradually
in the longitudinal direction of the blade even when the
suction flow drifts in the suction area E1 due to the effect
of a resistive element in the longitudinal direction of the
blade. Therefore, uniform distribution of air velocity can
be achieved, and a local increase in air velocity on the
blade surface can be suppressed, thereby achieving sta-
ble flow and noise reduction.
[0081] Furthermore, in the configurations shown in
Figs. 19 and 20, the speed and angle of flow when coming
into contact with the guide wall 10 change gradually in
the longitudinal direction of the blade, so that pressure
fluctuations can be alleviated, thereby achieving further
noise reduction.
[0082] Fig. 21 illustrates another explanatory configu-
ration. The lengths J of the grooves 14 gradually increase
from the leading edge 15a toward the trailing edge 15b
up to the midsection, and gradually decrease from the
midsection toward the trailing edge 15b. With a configu-
ration as such, the drawing effect changes more gradu-
ally in the longitudinal direction of the blade even when
the suction flow drifts in the suction area E1 due to the
effect of a resistive element in the longitudinal direction
of the blade. Therefore, uniform distribution of air velocity
can be achieved, and a local increase in air velocity on
the blade surface can be suppressed, thereby noise re-
duction can be achieved. Moreover, in the discharge area
E2, the discharge flow changes gradually in the longitu-
dinal direction of the blade, and the velocity and angle of
flow when coming into contact with the guide wall 10
change gradually in the longitudinal direction of the blade.
Therefore, pressure fluctuations can be alleviated, there-
by achieving further noise reduction.
[0083] Furthermore, in the configuration shown in Fig.
21, the grooves 14 are reduced in length in areas of the
leading edge 15a and the trailing edge 15b where the
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blade thickness is small, whereas the grooves 14 are
increased in length in an area near the midsection, in the
direction of the chord line L, where the blade thickness
is large. Therefore, the overall strength of each blade 8c
is sufficiently ensured so that buckling can be prevented
when fixing the impeller units 8d to each other by, for
example, ultrasonic welding.
As a result, with this cross flow fan, further noise reduction
can be achieved, and sufficient strength can be ensured
when assembling the impeller, thereby preventing losses
occurring in the assembly process. By installing this cross
flow fan in an air-conditioning apparatus, a quiet air-con-
ditioning apparatus with good productivity is obtained.
[0084] Fig. 22 illustrates another explanatory configu-
ration. In this configuration, the multiple grooves 14
formed in the blade suction surface 13a have different
lengths J, in the longitudinal direction of each blade, that
are irregularly varied. In this case, the number of grooves
14 in the direction of the blade chord line L varies de-
pending on the location in the longitudinal direction of the
blade. Therefore, when the flow drifts in the suction area
E1 and slight flow separation is about to occur in the
longitudinal direction of the blade, the flow is dispersed
by the flow close by. Thus, uniform wind-speed distribu-
tion can be achieved, thereby achieving noise reduction.
Furthermore, even when the air drifts on the upstream
side of the cross-flow fan due to, for example, dust ac-
cumulated in the filter 5, flow separation can be prevent-
ed, thereby stabilizing the suction flow. The same applies
to the discharge area E2. Specifically, the discharge flow
will vary irregularly in the longitudinal direction of the
blade, and the speed and angle of the discharge flow will
change irregularly when the discharge flow comes into
contact with the guide wall 10. Therefore, pressure fluc-
tuations can be irregularly alleviated, thereby achieving
noise reduction.
With regard to the grooves 14 having a depressed shape
provided in the blade suction surface 13a, it is effective
to provide the grooves 14 at locations where flow sepa-
ration is expected to occur in accordance with conditions
in which the cross-flow fan operates.
[0085] As described above, the cross flow fan includes
impeller units including disk-shaped support plates 8b
whose center of rotation is located in a center thereof
and a plurality of blades 8c extending in a rotation-axis
direction and arranged along outer peripheries of the sup-
port plates 8b, the blades 8c each being supported by
the support plates 8b at opposite ends; an impeller 8a
formed by fixing the multiple impeller units 8d in the ro-
tation-axis direction. A cross-sectional shape, taken in a
direction perpendicular to the rotation axis, of one end of
each blade 8c that is a connection section 8c1 connected
to the relevant support plate 8b is larger than a cross-
sectional shape, taken in the direction perpendicular to
the rotation axis, of the other end of each blade 8c that
is a connection section connected to a relevant support
plate 8b and multiple grooves 14 having a depressed
shape and extending in the rotation-axis direction are

provided in a blade suction surface 13a serving as a back
side in a rotational direction of the blade 8c. Consequent-
ly, a low-noise cross flow fan can be obtained while main-
taining productivity. Moreover, backflow toward the fan
caused by unstable discharge flow can also be prevent-
ed. In addition, flow separation is unlikely to occur at the
blade suction surface 13a even if the airflow resistance
increases, thereby stabilizing the discharge flow.
[0086] In each of Figs. 18 to 22, although a configura-
tion in which at least the groove width g or the groove
depth h of each groove 14 is larger on the longitudinal
tip 8c2 side than on the base section 8c1 side has been
described, the invention is not limited to this configura-
tion. Alternatively, the grooves 14 may each have a con-
stant groove width g and a constant groove depth h so
long as the molds are released in a direction other than
the rotational direction of the impeller in the resin molding
process. Moreover, although the groove length is varied
with reference to the longitudinal tip 8c2 in view of the
fact that the molds are to be released in the rotational
direction of the impeller in the resin molding process, the
groove length may be varied with reference to the base
section 8c1 or with reference to either the longitudinal tip
8c2 or the base section 8c1 if the molds are to be released
in other directions. As a further alternative, grooves with
irregular lengths may be provided at irregular positions.
By providing the blade suction surface 13a with the
grooves 14 that extend at least in the rotation-axis direc-
tion AX and that are separated from each other by a pre-
determined distance so that flat sections M are provided
between neighboring grooves 14, flow that tends to sep-
arate itself from the blade suction surface 13a can be
drawn back thereto by the grooves 14, whereby stable
flow can be obtained.
[0087] Furthermore, similar advantages can be
achieved by applying the configuration of the grooves 14
having various groove widths G, various groove depths
h, or various groove lengths J, as in each of Figs. 16 to
22, to each blade 8c in Embodiment 1 that does not have
a tapered shape. Likewise, similar advantages can be
achieved by applying the aforementioned configuration
to Embodiment 2.
[0088] In particular, as shown in Fig. 2, since multiple
resistive elements with different sizes and different air-
flow resistances, such as the electrostatic precipitator 6,
the filter 5, and the air inlet 2 at the upper side of the air-
conditioning apparatus body, are unevenly arranged in
the air-conditioning apparatus, when the blades 8c pass
through the suction area E1 on the heat exchanger 7
side, the air velocity of the suction flow varies. Moreover,
flow separation tends to occur easily when the attack
angle of the flow against the blades changes due to an
increase in airflow resistance caused by dust adhered to
the filter disposed at the suction side of the impeller. This
causes the discharge flow to become unstable and travel
back toward the fan, possibly dampening the floor if dew,
which is formed as a result of condensation in the impeller
during cooling operation, is released to the outside. By
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installing the cross flow fan according to any one of Em-
bodiment 1 to Embodiment 3 in the air-conditioning ap-
paratus, stable flow can be obtained, thereby achieving
noise reduction and higher efficiency. In addition, flow
separation caused by a change in airflow resistance is
prevented, and backflow toward the fan caused by un-
stable discharge flow is prevented, whereby a quiet, high-
quality air-conditioning apparatus can be obtained.
[0089] According to Embodiment 1 to Embodiment 3,
since multiple grooves extending in the rotation-axis di-
rection AX are formed in each blade suction surface 13a
of the impeller of the cross flow fan, stable airflow can be
achieved, whereby a low-noise, quiet, highly-efficient,
energy-saving cross flow fan can be obtained. In addition,
by installing this cross flow fan in an air-conditioning ap-
paratus, stable airflow can be achieved, and dew formed
as a result of condensation in the impeller during cooling
operation can be prevented from being released to the
outside, whereby a high-quality air-conditioning appara-
tus can be obtained.
[0090] Furthermore, although explanatory configura-
tions in which the cross flow fan is installed in, for exam-
ple, an air-conditioning apparatus are described in Em-
bodiment 1 to Embodiment 3, the invention is not limited
to these explanatory configurations. For example, the
cross flow fan may be installed in other types of appara-
tuses, such as an air curtain. By using a low-noise cross
flow fan, noise from an apparatus equipped with this
cross flow fan can advantageously be reduced.

Reference Signs List

[0091] 1 air-conditioning apparatus body; 2 air inlet; 3
air outlet; 7 heat exchanger; 8 cross flow fan; 8a impeller;
8b support plate; 8c blade; 8c1 base section; 8c2 longi-
tudinal tip; 8d impeller unit; 9 stabilizer; 10 guide wall; 12
motor; 12a motor shaft; 13a blade suction surface; 13b
blade pressure surface; 14 groove; 14a groove side; 14b
groove bottom; 14P imaginary intersection point; 15a
leading edge; 15b trailing edge; 16 fixation section; C
opening; E1 suction area; E2 discharge area; L chord
line; L1 length of chord line L; L11 blade-chord-line length
of base section 8c1; L12 blade-chord-line length of lon-
gitudinal tip 8c2; M flat section; ML flat-section length; O
center of rotation; RO rotational direction; g groove width;
g1 groove width at base section 8c1; g2 groove width at
longitudinal tip 8c2; h groove depth; h1 groove depth at
base section 8c1; h2 groove depth at longitudinal tip 8c2;
ht groove depth in areas near leading edge 15a and trail-
ing edge 15b; hc groove depth in midsection and vicinity
thereof in direction of chord line; K isopachous line of
thickness at leading edge or trailing edge with reference
to blade pressure surface; tmax maximum thickness of
blade; tmax1 maximum thickness at base section 8c1;
tmax2 maximum thickness at longitudinal tip 8c2.

Claims

1. A cross flow fan comprising:

impeller units including
disk-shaped support plates whose center of ro-
tation is located in a center thereof and
a plurality of blades extending in a rotation-axis
direction and arranged along outer peripheries
of the support plates, the blades each being sup-
ported by the support plates at opposite ends;
an impeller formed by fixing the impeller units in
the rotation-axis direction; and
a plurality of grooves having a depressed shape
that extend in the rotation-axis direction, the
grooves being provided on a blade suction sur-
face serving as a back side in a rotational direc-
tion of each blade, wherein
the grooves are separated from each other by
a predetermined distance such that a flat section
is provided between neighboring grooves.

2. A cross flow fan comprising:

impeller units including
disk-shaped support plates whose center of ro-
tation is located in a center thereof and
a plurality of blades extending in a rotation-axis
direction and arranged along outer peripheries
of the support plates, the blades each being sup-
ported by the support plates at opposite ends;
an impeller formed by fixing the impeller units in
the rotation-axis direction;
a motor having a motor shaft that is fixed to the
support plate located at an end of the impeller,
the motor rotationally driving the impeller;
a fixation section for the motor shaft that is lo-
cated in one of a relevant impeller unit; and
an opening formed by partially widening a pitch
of the blades of the impeller units so that a fixing
member is insertable into the fixation section,
wherein
a plurality of grooves having a depressed shape
and extending in the rotation-axis direction are
provided on a blade suction surface serving as
a back side in a rotational direction of at least a
blade located adjacent to the opening on the ro-
tational-direction side of the impeller.

3.  A cross flow fan comprising:

impeller units including
disk-shaped support plates whose center of ro-
tation is located in a center thereof and
a plurality of blades extending in a rotation-axis
direction and arranged along outer peripheries
of the support plates, the blades each being sup-
ported by the support plates at opposite ends;
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and
an impeller formed by fixing the impeller units in
the rotation-axis direction, wherein
a cross-sectional shape, taken in a direction per-
pendicular to the rotation axis, of one end of each
blade that is a connection section connected to
an associated support plate is larger than a
cross-sectional shape, taken in the direction
perpendicular to the rotation axis, of the other
end of each blade that is a connection section
connected to an associated support plate, and
a plurality grooves having a depressed shape
and extending in the rotation-axis direction are
provided in a blade suction surface serving as
a back side in a rotational direction of the blade.

4. The cross flow fan of claim 3, wherein the grooves
extending in the rotation-axis direction are provided
on the blade suction surface on at least the connec-
tion section side of the other end.

5. The cross flow fan of claim 2, 3 or 4, wherein, in a
cross section taken in the direction perpendicular to
the rotation axis, the grooves are separated from
each other by a predetermined distance such that a
flat section is provided between neighboring
grooves.

6. The cross flow fan of claim 1 or 5, wherein, in a cross
section taken in the direction perpendicular to the
rotation axis, the distance between the neighboring
grooves is larger than a groove depth of each groove
having the depressed shape.

7. The cross flow fan of any one of claims 1 to 6, where-
in, in a cross section taken in the direction perpen-
dicular to the rotation axis, each of the grooves hav-
ing the depressed shape includes a groove bottom
and groove sides that face each other, and connec-
tion areas between the groove sides and the blade
suction surface have a rounded shape.

8. The cross flow fan of any one of claims 1 to 7, where-
in, in a cross section taken in the direction perpen-
dicular to the rotation axis, each of the grooves hav-
ing the depressed shape includes the groove bottom
and the groove sides that face each other, the groove
bottom has a rounded shape, and the groove sides
continuously extending from the groove bottom have
a shape that widens toward the blade suction sur-
face.

9. The cross flow fan of any one of claims 1 to 8, where-
in, in a cross section taken in the direction perpen-
dicular to the rotation axis, the blades each have a
substantially circular-arc shape between a leading
edge located on an outer circumference side of the
support plates and a trailing edge located on an inner

circumference side of the support plates, a blade
thickness of a midsection between the leading edge
and the trailing edge is larger than blade thicknesses
at the leading edge and the trailing edge, and the
grooves having the depressed shape provided on
the blade suction surface are disposed so as to have
at least a distance equivalent to the blade thickness
of the leading edge or the trailing edge from a blade
pressure surface serving as a leading surface in the
rotational direction of the blade.

10. The cross flow fan of any one of claims 1 to 9, where-
in, in a cross section taken in the direction perpen-
dicular to the rotation axis, the blades each have a
substantially circular-arc shape between the leading
edge located on the outer circumference side of the
support plates and the trailing edge located on the
inner circumference side of the support plates, and
the grooves are provided near at least the leading
edge or the trailing edge.

11. The cross flow fan of any one of claims 1 to 10,
wherein, in a cross section taken in the direction per-
pendicular to the rotation axis, at least a groove width
or a groove depth of each groove having the de-
pressed shape increases or decreases in the rota-
tion-axis direction.

12. The cross flow fan of any one of claims 1 to 11,
wherein at least one or some of the grooves formed
on the blade suction surface have lengths that are
irregularly varied in the rotation-axis direction.

13. The cross flow fan of any one of claims 1 to 11,
wherein at least one or some of the grooves formed
on the blade suction surface have various lengths,
in the rotation-axis direction, that gradually increase
or decrease in a circumferential direction of the sup-
port plates.

14. The cross flow fan of any one of claims 1 to 13,
wherein, in a cross section taken in the direction per-
pendicular to the rotation axis, the blades each have
a substantially circular-arc shape between the lead-
ing edge located on the outer circumference side of
the support plates and the trailing edge located on
the inner circumference side of the support plates,
and the groove depth of each of the grooves having
the depressed shape formed on the blade suction
surface is larger in the midsection, which is located
between the leading edge and the trailing edge, than
the groove depth in areas near the leading edge and
the trailing edge.

15. An air-conditioning apparatus comprising the cross
flow fan of any one of claims 1 to 14 and a heat
exchanger that is disposed in a suction side flow path
formed by the cross flow fan and that performs heat
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