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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a turbofan
molded out of a thermoplastic resin and an air conditioner
on which the turbofan is mounted.

Description of the related art

[0002] There is a conventional turbofan molded out of
a thermoplastic resin in which rigidity of the turbofan is
assured by ribs each constructed by a runner of injected
resin to realize lighter weight by reducing the thickness
(refer to, for example, Japanese Patent Application No.
3,131, 625 (p. 3 and 4 and FIGS. 1 and 3)).

[0003] There is also another turbofan in which the ma-
terial is decreased by forming a recess in an intersection
of ablade and a main plate to realize cost reduction (refer
to, for example, Japanese Utility Model Application Laid-
open No. 4-116698 (p. 1 and FIG. 1)).

[0004] Thereisfurtheranotherturbofanincluding a plu-
rality of blades having similar sectional shapes in which
thickness gradually increases from a shroud to a main
plate, and the distance between neighboring blades is
gradually narrowed from the shroud to the main plate.
With the configuration, a time difference is created in re-
lease vortexes of blowout flows from the shroud to the
main plate at a blowout port of the turbofan, thereby pre-
venting noise resonance and the like and reducing noise
(refer to, for example, Japanese Patent Application No.
3,544,325 (p. 7 to 9, FIGS. 5 and 6)).

[0005] There is further another turbofan using a thick
hollow blade, thereby shortening cooling and hardening
time at the time of molding, preventing deformation at
the time of cooling and hardening, and reducing plastic
material (refer to, for example, Japanese Utility Model
Application Laid-open No. 4-116699 (p. 1 and FIG. 1)).

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0006] The conventionalturbofan inthe Japanese Pat-
ent Application No. 3,131,625 (p. 3 and 4 and FIGS. 1
and 3) has ribs for reinforcement to realize a thinner main
plate, the ribs also serving as a runner of a resin for im-
provementinmoldability. However, the strength of aresin
merging portion, at which resins flowing from the ribs
merge at the time of molding, is low. Specifically, the
resin merging portion is positioned almost at the same
distance from neighboring ribs, and the strength of the
portion is low. The conventional turbofan has a blade
front-end rib positioned near the front end of a blade and
extending in the radial direction, a blade rear-end rib po-
sitioned near the rear end of the blade and extending in
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the radial direction, a connection rib for connecting the
blade front-end rib and the blade rear-end rib, and ablade
reinforcement rib. For the ribs, resin is injected from one
resin injection port.

[0007] When the resin injected from the resin injection
port flows to the ribs, in each of the blade front-end rib
and the blade rear-end rib, the resin flows in two ways in
the radial direction to the rotation center side and the
outer periphery side. In the connectionrib, the resin flows
in a direction having a radial-direction component and a
circumferential-direction component. In the blade rein-
forcement rib, the resin flows in the direction opposite to
the connection rib. That is, the resin injected from one
injection port flows in the plurality of ribs extending in the
radial direction. The resins flowing out from the ribs are
merged and the resin merging portion is formed. The
resin merging portion is also formed between resins flow-
ing out from neighboring resin injection ports. Conse-
quently, a number of resin marging portions are created
in the entire of the turbofan, and it limits improvement in
strength of the turbofan. Usually, a plurality of holes for
cooling a motor are formed in a projected portion of a
main plate near the rotation axis. When the resin merging
portion is formed on a motor cooling hole as an opening
portion having low strength, the strength becomes lower.
For example, when an impact in a direction parallel with
the rotation axis is applied to the turbofan during trans-
portation or the like, a crack occurs in the resin merging
portion around the motor cooling hole. When the portions
of low strength are connected, a problem occurs such
that the crack extends. With the configuration of the run-
ners, the resin merging portion may extend to the outer
peripheral end of the fan. It causes a problem such that
the crack occurring in the resin merging portion extends
to the outer peripheral end, the fan is easily broken, and
the product quality deteriorates.

[0008] The configuration described in the Japanese
Utility Model Application Laid-open No. 4-116698 (p. 1
and FIG. 1) in which arecess is formed in the intersection
of a blade and a main plate has the following problem. A
flow along the surface of the main plate is generated
when the turbofan rotates. The flow on the surface of the
main plate leaves a corner R at the upstream end of the
recess and then collides with a corner R at the down-
stream end, so that noise is generated by pressure fluc-
tuations.

[0009] In the turbofan described in the Japanese Pat-
ent Application No. 3,544,325 (p. 7 to 9, FIGS. 5 and 6),
the blade does not have a hollow structure and the thick-
ness in portions of the blade largely varies, so that a
temperature difference occurs in the portions of the blade
at the time of molding. Consequently, a cavity is gener-
ated due to uneven flow of the resin and local thickness
reduction (hereinbelow, called locally small thickness)
occurs. It causes a problem that moldability deteriorates.
Since the whole blade is made of a resin, as compared
with a blade having a hollow shape, a larger amount of
resin is necessary. The fan becomes heavy and cost of
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the fan becomes high. Accordingly, an air conditioner on
which the turbofan is mounted becomes heavy. There is
a problem that portability for the worker is low.

[0010] A centrifugalfan described in the Japanese Util-
ity Model Application Laid-open No. 4-116699 (p. 1 and
FIG. 1) has a thick hollow blade. However, when the
blade is too thick, the air passage area of the fan is re-
duced. Consequently, there is the possibility that noise
increases due to increase in passage air velocity. The
blade sections perpendicular to the rotation axis are the
same. When the blades is released from a mold at the
time of performing injection molding, there is no draft.
The fan has a problem that the resin is adhered to the
mold and breakage occurs.

[0011] The present invention has been achieved to
solve the problems as described above, and an object
of the invention is to obtain a reliable turbofan which is
prevented from being broken at the time of transportation
or the like by realizing improvement in moldability and
strength of the turbofan made of a thermoplastic resin,
and an air conditioner on which the turbofan is mounted.
[0012] Another object of the invention is to obtain a
turbofan realizing reduced noise and an air conditioner
on which the turbofan is mounted.

MEANS FOR SOLVING THE PROBLEM

[0013] A turbofan according to the present invention
includes: a disc-shaped main plate; a projected hub
formed by making a center portion of the main plate
project in a rotation axis direction; a plurality of blades
each of which is vertically provided in the projecting di-
rection of the hub using an outer-periphery-side flat part
of the main plate as a base; a plurality of motor cooling
holes which are formed in the hub so as to cool a motor
disposed in a space having a projection shape surround-
ed by the hub; a plurality of hub runners which are pro-
vided radially in the hub and into which a thermoplastic
resin is made to flow at the time of molding, so as to form
the hub; and a resin merging portions each of which is
formed by merging the thermoplastic resin flowing out
from the neighboring hub runners at the time of molding,
and is characterized in that the motor cooling holes are
disposed so as to avoid the resin merging portion.

EFFECT OF THE INVENTION

[0014] According to the invention, a fan can be pre-
vented from being broken by an impact because of the
configuration that the resin merging portion is not con-
nected to the motor cooling hole. Consequently, the
strength can be improved, and an effect that a reliable
turbofan can be obtained is produced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]
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FIGS. 1A and 1B are plan view and side view, re-
spectively, of a turbofan according to a first embod-
iment of the invention.

FIG.2is a perspective view of the turbofan according
to the first embodiment of the invention.

FIG. 3 is a view illustrating the turbofan according to
the first embodiment of the invention.

FIG. 4 is an enlarged view illustrating the turbofan
according to the first embodiment of the invention.
FIG. 5 is a view illustrating a cross section taken
along line H1-H2 of FIG. 4, showing the first embod-
iment of the invention.

FIG.6is an enlarged view illustrating a cross section
taken along line 0-01-02-03 of FIG. 1B, showing the
first embodiment of the invention.

FIG. 7 is a flowchart showing a fan molding process
according to the first embodiment of the invention.
FIG. 8 is a graph showing molding time (time from
resininjection to taking out after cooling) with respect
to the ratio t1/t0 of the maximum thickness t1 of a
hub runner 9a and the minimum thickness t0 of the
other portion of a main plate 2 in the first embodiment
of the invention.

FIG. 9 is a graph showing molding time (time from
resininjection to taking out after cooling) with respect
to the ratio t2/t0 of the maximum thickness t2 of a
blade runner 9b and the minimum thickness t0 of the
other portion of the main plate 2 in the first embodi-
ment of the invention.

FIGS. 10A and 10B are views showing a blade ac-
cording to the first embodiment of the invention. FIG.
10A is a side view showing a blade in the fan and
FIG. 10B is a view showing a transverse section tak-
en along line Z-Z of FIG. 10A.

FIG. 11 is an explanatory view showing the blade
according to the first embodiment of the invention
and showing a vertical section taken along line Y-Y
of FIG. 10B.

FIG. 12 is a graph showing fan molding time (sec)
and noise value (dB) when standing faces on the
outside of the blade and on the inside of the hollow
are tilted at a tilt angle 6 toward the inside of the
hollow with respect to the rotation axis and the tilt
angle 6 is changed.

FIG. 13 is a bottom view showing a turbofan molded
with another runner configuration according to the
first embodiment of the invention.

FIG. 14 is a bottom view showing a turbofan molded
with further another runner configuration according
to the first embodiment of the invention.

FIG. 15 is a perspective view showing the turbofan
having another configuration, viewed from below,
according to the first embodiment of the invention.
FIG. 16 is a partly enlarged perspective view show-
ing a part of the turbofan according to the first em-
bodiment of the invention.

FIGS. 17A and 17B are views illustrating a blade
according to the first embodiment of the invention.
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FIG. 17A is a side view of a blade in a fan, and FIG.
17B is a view showing a transverse section taken
along line Z-Z of FIG. 17A.

FIG. 18A and 18B are views illustrating a blade ac-
cording to the first embodiment of the invention. FIG.
18Ais a view showing a vertical section taken along
line Y-Y of FIG. 17B and FIG. 18B is a partially en-
larged view of FIG. 18A.

FIG. 19 is a view illustrating a part of the bottom face
of the turbofan according to the first embodiment of
the invention.

FIG. 20 is a graph showing the relation between the
ratio of maximum opening diameter F of a blade
opening 3b having a hollow structure to the differ-
ence At between height of a blade front runner 9ba
and height of a blade rear runner 9bb and the noise
value with the same air volume according to the first
embodiment of the invention.

FIG. 21 is a perspective view showing an air condi-
tioner mounted, viewed from a room according to
the first embodiment of the invention.

FIG. 22 is a view showing a vertical cross section of
the air conditioner according to the first embodiment
of the invention.

FIG. 23 is a view showing a horizontal cross section
of the air conditioner according to the first embodi-
ment of the invention.

DESCRIPTION OF REFERENCE NUMERALS

[0016]

1 turbofan

2 main plate

2a hub

2b fan inner-radius-side face

2c boss

2d hub upper thick portion

3 blade

5 motor cooling hole

8 motor

9 runner

9a hub runner

9b blade runner

9ba blade front runner

9bb blade rear runner

9c connection runner

9d cooling hole runner

10 resin injection port

12 air conditioner body

15 heat exchanger

A resin merging portion

B resin flowing direction at the time of molding
C air current near blade opening
D fan rotating direction

E1, E2 air currents

F maximum opening width of blade opening 3b

(diameter of inscribing circle of opening in
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main plate)

G air guided toward motor cooling hole via hub
runner

o rotation center

DESCRIPTION OF THE PREFERRED EMBODIMENT
First Embodiment

[0017] A turbofan (hereinafter, simply called a fan) ac-
cording to a first embodiment of the present invention will
be described hereinafter with reference to the drawings.
[0018] FIG. 1Ais a plan view of a fan according to the
embodiment viewed from a shroud side, and shows a
blade by partly cutting the shroud away. FIG. 1B is a side
view of the fan of FIG. 1A. The left half of FIG. 1B shows
aside face, and the right half shows a longitudinal section
taken along 0-01-02-03 of FIG. 1A. FIG. 2is a perspective
view showing an under face of the fan according to the
embodiment, that is, viewed from the side opposite to
the shroud.

[0019] AsshowninFIGS. 1A and 1B and FIG. 2, afan
1 is constructed by a disc-shaped main plate 2. A center
portion of the main plate 2 has a projected shape which
is projected in the rotation axis direction, and a motor
(not shown) is disposed in the space surrounded by the
projection. The projection will be called a hub 2a. A boss
2c is formed in the center of the hub 2a, that is, in the
center of the main plate 2, and the shaft of a motor is
fixed tothe boss 2c. A portion in which the motor is mount-
ed is called a fan outside of the main plate 2. In a flat
plate portion on the outer peripheral side of the fan inside
opposite to the fan outside, a plurality of, for example,
seven blades 3 are provided. In a portion connected to
the boss 2c of the main plate 2, a hub upper thick portion
2d is provided, which is thicker than a thickness t0 of an
inclined face of the hub 2a.

[0020] The blade 3 uses, as a base portion, a flat por-
tion on the outer peripheral side of the main plate 2 and
has a hollow bag shape which is upright from a blade
opening 3b in the base portion in the projection direction
of the hub 2a. In the base portion, a blade opening 3b is
positioned between a blade inner-radius-side end 3a and
a blade outer-radius-side end 3c. A center line 3a-3c of
the blade opening 3b and the radius of the main plate 2
are disposed so as to intersect at a predetermined angle
of, forexample, about45°. AsshowninFIG. 1A, aplurality
of blades 3 are disposed at variable pitches so that at
least part of circumferential-direction mounting pitch an-
gles 61, 62, 63, ..., and o7 with respect to the rotational
axis varies. In FIG. 1A, for example, 61=c4 < 63=c6=c7
< 02=c5.

[0021] The fan 1 is driven by the motor and rotates in
the direction of the arrow D around a rotation center O.
A shroud 4 is provided around a the fan 1 as shown in
FIG. 1B and is fixed to each of the blades 3 from above
in FIG. 1B.

[0022] Afaninternalairduct6 is formed by being sand-
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wiched between the shroud 4 and the main plate 2 near
the hub 2a, and a fan external air duct 7 is constructed
by the hub 2a on the side where motor is disposed. In
the hub 2a, motor cooling holes 5 which are constituted
of a plurality of openings are formed at almost equidistant
positions from the rotation center O around the rotation
center O, thereby providing communication between the
fan internal air duct 6 and the fan external air duct 7. In
FIG. 1A, for example, seven motor cooling holes 5 are
provided. Each of the motor cooling holes 5 is arranged
onastraightline O-3a connecting one blade inner-radius-
side end 3a and the rotation center O. Like the blades 3,
the plurality of motor cooling holes 5 are also formed so
that at least part of circumferential-direction mounting
pitch angles y1, y2, v3, ..., and y7 of the plurality of motor
cooling holes 5 varies. In this case, the circumferential-
direction mounting pitch angles y1, y2, y3, ..., and y7 of
the motor cooling holes 5 are set as, for example, y1 =
4 < y3 =y6 = y7 <y2 =5 in a manner similar to the
circumferential-direction mounting pitch angles ¢ of the
blades 3.

[0023] The main plate 2 and the blades 3 are integrally
molded by using a thermoplastic resin such as ABS or
ASG (hereinbelow, simply called resin). In FIG. 2, refer-
ence numeral 10 denotes a mark of a resin injection port
used for injecting the resin at the time of molding the main
plate 2 and the blades 3. The mark 10 is positioned near
a folding part between the hub 2a and the flat part of the
main plate 2 and near the blade inner-radius-side end 3a
in the flat part and will be called a resin injection port 10.
Runners 9 serving as paths of the resin at the time of
molding are formed in the fan. In a mold, the runner 9
corresponds to a portion which is a space larger in the
thickness direction than main parts of the main plate 2
so that the resin can pass easily. In the fan as a finished
article, the resin in the runner 9 is solidified and remains,
and the thickness of the runner portion is larger than the
minimum thickness t0 of the portion other than the runner
in the main plate 2.

[0024] Oneofthe runners 9is a hub runner 9a for form-
ing the hub at the time of molding. For example, seven
hub runners 9a are radially formed in the hub 2a and
extend linearly in the radial direction of the fan from the
resin injection ports 10 toward the rotation center O with-
out crossing other runners to positions near the motor
cooling holes 5. The hub runner 9a is thicker than the
minimum thickness t0 in the inclined face of the hub 2a
and has a predetermined thickness t1 (> t0). The motor
cooling holes 5 are disposed near ends on the fan center
side of the hub runners 9a, and the blade inner-radius-
side ends 3a of the blades 3 are disposed near the other
ends on the outer radius side of the fan of the hub runners
9a. Further, a center line 11 in the width direction of each
of the linear hub runners 9a is arranged so as to extend
on the motor cooling hole 5. The blade inner-radius-side
end 3a, the resin injection portion 10, the hub runner 9a,
and the motor cooling hole 5 are disposed so as to po-
sition on an almost straight line extending in the radial
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direction using the rotation center O as a start point. In
the embodiment, the mounting pitch angles o in the cir-
cumferential direction of the blades 3 are set as unequal
pitch angles, so that the motor cooling holes 5, the hub
runners 9a, and the resin injection ports 10 are similarly
formed at unequal pitches with respect to the rotation
center O. When the mounting pitch angles o of the blades
3 are identical pitch angles, the mounting pitch angles in
the circumferential direction of the motor cooling holes
5, the hub runners 9a, and the resin injection ports 10
are similarly identical pitch angles.

[0025] In the outer-radius-side flat plate portion of the
main plate 2 as the base of the hollow blade 3, a blade
runner 9b is formed around the blade opening 3b. The
blade runner 9b is a runner for forming the blade 3 when
the resin is made to flow in at the time of molding. Like
the hub runner 9a, the blade runner 9b has a predeter-
mined thickness t2 (> t0) larger than the thickness t0 of
the outer-radius-side flat plate portion of the main plate
2. A connection runner 9c is a runner for connecting the
hub runner 9a and the blade runner 9b. The connection
runner 9c is formed, for example, with the same thickness
t1 as that of the hub runner 9a and a width smaller than
that of the hub runner 9a and that of the blade runner 9b.
[0026] When the fan 1 rotates in the direction D, the
ambient air is guided into the blades 3 by the shroud 4
and sucked to the inside of the shroud 4, passes through
a fan internal air duct 6, and blows out from spaces be-
tween the blades 3 at the periphery of the fan as shown
by the arrows E1 in FIG. 2. At this time, the pressure in
a fan internal air duct 6 is negative with respect to the
pressure in a fan external air duct 7 in which the motor
is attached. As shown in FIGS. 1B and 2, a part E2 of
the air blowing out from the fan 1 passes through the
motor cooling holes 5 connecting the fan internal air duct
6 to the fan external air duct 7 and flows in the fan external
air duct 7 while turning due to friction with the hub 2a.
The part E2 of air current passes through the motor cool-
ing holes 5 and flows in the fan internal air duct 6 under
negative pressure. A motor is mounted on the side of the
fan external air duct 7 surrounded by the hub 2a and fixed
to the fan 1 at the boss 2c. With the air current E2, the
motor is cooled.

[0027] At the time of integrally molding the turbofan
with such a configuration by using a resin, the resin is
injected from the plurality of resin injection ports 10 to a
mold having a space of a fan shape. The resin injected
from the resin injection ports 10 is led to the runners 9
as thick portions, flows in the whole fan, and the main
plate 2 and the blades 3 are integrally formed. FIG. 3 is
a bottom view of the fan. The hub runners 9a are runners
each provided between a center-side end 9a1 to a fan
outer-radius-side end 9a2. The motor cooling holes 5 are
disposed near the fan center-side ends 9a1 and the blade
inner-radius-side ends 3a are disposed near the fan out-
er-radius-side ends 9a2.

[0028] A part of the resin flows in the hub runners 9a
and, after that, flows in the hub 2a in the main plate and
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forms the portion. Another part flows from the connection
runners 9c to the blade runners 9b, flows to the blades
3 and the main plate 2 around the blades 3, and forms
the portions. The flow of resin is shown by the arrow B
in FIG. 3. The resin flows via the runners 9 to the mold
as shown by the arrows B, and the resin flowing from
neighboring runners 9 collides and merges at a resin
merging portion located so as to be almost equidistant
from the neighboring runners. The resin merging portion
is indicated by a broken line A.

[0029] The resin injected from the resin injection ports
10 and led to the hub runners 9a flows smoothly in one
direction toward the rotation center O in the radial direc-
tion. Further, the resin flowing in a hub runner 9a flows
toward a neighboring hub runner 9a, so thataresin merg-
ing portion A is formed between neighboring hub runners
9a. Since the motor cooling holes 5 are arranged so as
to avoid resin merging portions A, a resin merging portion
A near a motor cooling hole 5 is formed, notin connection
with the motor cooling hole 5, but between the neighbor-
ing motor cooling holes 5.

[0030] Since theresin merging portion A is not coupled
to the motor cooling hole 5 as an opening having low
strength againstimpact, occurrence of a crack connected
to the motor cooling hole 5 and the resin merging portion
A can be prevented, and the strength of the molded fan
1 canbeimproved. Therefore, even ifanimpactis applied
in the direction of the rotation axis of the fan 1 at the time
of transportation or the like, for example, in the vertical
direction of FIG. 1B and a crack occurs in the periphery
of the motor cooling hole 5, extension of the crack in the
radial direction of the main plate 2 can be prevented.
Consequently, the fan 1 can be prevented from being
broken, and reliability against the impact on the fan 1 can
be improved.

[0031] In particular, in the embodiment, by forming the
motor cooling hole 5 on the extension line of the hub
runner 9a, formation of the resin merging portion A near
the motor cooling hole 5 can be surely avoided.

[0032] The runners 9 are not complicatedly branched.
A runner 9 is branched to two runners; the hub runner
9a, and the connection runner 9c at the resin injection
port 10, and is branched into the blade runner 9b in two
directions at the connection part of the connection runner
9c and the blade runner 9b. Since the strength is low in
the resin merging portion A as described above, itis pref-
erable to set the number and length of the resin merging
portions A as small as possible. In the configuration of
the runners 9 according to the embodiment, the resin
merging portion A is not formed by the resin injected from
the one resin injection port 10 but is formed by the contact
portion of the resin injected from the neighboring resin
injection ports 10. Consequently, the number of the resin
merging portions A can be decreased as a whole. As
described above, the runners 9 are constructed relatively
simply, the resin flows along the runners 9 more easily,
occurrence of shrinkage is reduced, and moldability can
be improved.
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[0033] Further,inthefanaccordingto the embodiment,
one end of the resin merging portion A is in contact with
the boss 2c. The resin merging portion A extends in the
radial direction between the neighboring motor cooling
holes 5. The other end is in contact with the center of the
blade 3. In the conventional configuration in which the
resin merging portion A extends straight to the outer pe-
riphery, in the case where a crack occurs along the resin
merging portion A, there is the possibility that the crack
extends to the outer periphery of the fan 1 and the fan 1
is broken down. In contrast, inthe embodiment, the outer-
radius-side end of the resin merging portion A formed in
the main plate 2 is in contact with the blade runner 9b.
Consequently, the resin merging portion A formed in the
main plate 2 can be made shorter, thatis, the portion with
low strength can be shortened. Thus, the fan 1 with high
reliability in strength can be obtained. Even if a crack
occurs near the resin merging portion A and extends
along the resin merging portion A at the time of transpor-
tation or the like, since the outer-radius-side end of the
resin merging portion A is in contact with the thick blade
runner 9b, the crack stops at this part. Further, in the
case where the crack does not stop by the blade runner
9b, the whole blade 3, which is connected to the blade
runner 9b and has height in the axial direction, serves as
a strength member. Consequently, the fan 1 can be pre-
vented from being completely broken down, and reliabil-
ity against an impact can be improved.

[0034] The configuration of the resin merging portion
A and the runners 9 will be described in detail hereinbe-
low. The number of pieces, the shape, and the angle with
respect to the radius of the blades 3, the shape and con-
figuration of the runners 9, the positions of the resin in-
jection ports 10, the shape and position of the motor cool-
ing hole 5, and the like are set as described above. That
is, one end of the resin merging portion A is in contact
with the boss 2c, the resin merging portion A extends in
the radial direction between the neighboring motor cool-
ing holes 5, and the other end is in contact with the center
of the blade 3. With the configuration, the fan 1 having
reliability against an impact can be obtained.

[0035] FIG. 4 is a partly enlarged view of FIG. 3. FIG.
5 is s view illustrating a cross section taken along line
H1-H2 of FIG. 4. The resin injection port 10 is provided,
for example, in the hub runner 9a at a position close to
the connection runner 9c. Two neighboring resin injection
ports 10m and 10n will be described as an example. The
resin injection port 10m is connected to a hub runner
9am, a blade runner 9bm, and a connection runner 9cm.
The resin is injected from the resin injection port 10m to
mold the blade 3m and the main plate 2 around the blade
3m. On the other hand, a resin injection port 10n is con-
nected to a hub runner 9an, a blade runner 9bn, and a
connection runner 9cn. The resin is injected from the res-
in injection port 10n to mold the blade 3n and the main
plate 2 around the blade 3n. The blade 3 formed upright
on the main plate 2 has a predetermined thickness t3 (>
t0) and the thickness in the blade 3 is almost uniform.
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[0036] In the case where the blade 3m is positioned
ahead of the blade 3n in the fan rotation direction (the
arrow D direction), to prevent the resin merging portion
A formed between the two blades 3m and 3n from being
connected to the fan outer periphery, the area L should
be formed with the resin injected from the resin inj ection
port 10n. In particular, when the resin injected from the
resin injection port 10n, not the resin injected from the
resin injection port 10m, is used as the resin for forming
a flat part 3cmt of the blade outer-radius-side end of the
blade 3m, the resin merging portion A formed between
the hub runners 9an and 9am is surely brought in contact
with the blade 3m. To realize it, the runners 9 should be
constructed so that the distance from the resin injection
port 10n is shorter than the distance from the resin injec-
tion port 10m with respect to the lengths of the flow paths
of the resin flowing to the flat part 3cmt at the blade outer
periphery.

[0037] Concretely, the number of pieces and the shape
of the blades 3, the shape and configuration of the run-
ners 9, the positions of the resin injection ports 10, the
shape and position of the motor cooling hole 5, resin in-
jection speed, and the like, are fittingly set and, for ex-
ample, a simulation is performed. In such a manner, a
part in which the resin merging portion A is to be formed
in the fan at the time of molding can be examined. The
configuration should be so constructed that one end of
the resin merging portion A obtained by the simulation
comes in contact with the boss 2c and extends in the hub
2a between the neighboring motor cooling holes 5, and
the other end comes in contact with the blade runner 9b.
[0038] As described above, the turbof an includes: the
disc-shaped main plate 2; the projected hub 2a formed
by making a center portion of the main plate 2 project in
the rotation axis direction; the plurality of blades 3 each
using the outer-periphery-side flat part of the main plate
2 as the base and vertically provided in the projecting
direction of the hub 2a; the plurality of motor cooling holes
5 formed in the hub 2a and for cooling a motor disposed
in a space having a projection shape surrounded by the
hub 2a; the plurality of hub runners 9a which are provided
radially in the hub 2a and into which a resin is made to
flow at the time of molding, thereby forming the hub 2a;
and the resin merging portion A formed by merging the
resin flowing out from the neighboring hub runners 9a at
the time of molding. By disposing the motor cooling holes
5 so as to avoid the resin merging portion A, there is an
effect that the turbofan having high reliability against an
impact can be obtained.

[0039] The plurality of motor cooling holes 5 provided
in the hub 2a is disposed at portions on extended lines
of the hub runners 9a to the rotation center O so that
coupling between the motor cooling holes 5 having low
strength to impact and the resin merging portion Ais sure-
ly prevented, and the fan having high reliability against
an impact is obtained.

[0040] By forming the hub runners 9a radially around
the rotation center O, the resin flows to the boss 2c around
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the rotation center more easily, and moldability can be
improved

[0041] Each runner 9 as a path of the resin is formed
so as to be separated to a hub runner 9a and a blade
runner 9b. A connection runner 9c for connecting the
runners 9a and 9b is provided and, further, the resin is
injected from the resin injection port 10 provided in any
one of the runners 9a, 9b, and 9c. Specifically, either of
the resin flowing inthe hub runner 9a and the resin flowing
in the blade runner 9b necessarily flows via the connec-
tion runner 9c. Consequently, the balance between the
amount of the resin flowing in the hub runner 9a and that
of theresin flowing in the blade runner 9b can be adjusted
according to settings of the width and thickness of the
connection runner 9c. By adequately adjusting the injec-
tion amounts of the resin flowing in the hub runner 9a
and the blade runner 9b, occurrence of cavity or locally
small thickness due to uneven flow can be prevented,
and deterioration in strength can be prevented. Although
the resin injection port 10 is directly provided in the hub
runner 9a in the embodiment, the resin injection port 10
may be provided in the blade runner 9b or the connection
runner 9c. In the case of providing the resin injection port
10 in the connection runner 9c, by making the thickness
and width of the runner between the resin injection port
10 and the hub runner 9a and those of the runner between
the resin injection port 10 and the blade runner 9b differ-
ent from each other in accordance with the flow rate of
resin required, the balance of the resin amounts can be
adjusted.

[0042] Since the blade 3 has the hollow shape and the
blade opening 9b is provided around the opening 3b, the
weight can be reduced because of the hollow shape, and
the resin runs to the whole mold more easily at the time
of molding the blades 3. Consequently, the blade 3 can
be made thinner and lighter. By the reduction in weight,
the weight in the fan peripheral portion with respect to
the rotation center is reduced. Therefore, the centrifugal
force at the time of rotation is reduced and a stress ap-
plied to the root of the main plate as the base of the blade
3 isreduced. As aresult, the strength of the fan 1 can be
improved, and breakage at the time of rotation can be
prevented. Since the portion of the blade runner 9b re-
mains as the resin in a molded body, the thickness of the
connected part of the blade 3 and the main plate 2 on
which stress is concentrated can be increased by the
blade runner 9b. As described above, the resin flowability
is improved by the blade runner 9b, moldability can be
improved, and strength of the turbofan can be improved.
[0043] As described above, by providing the plurality
of hub runners 9a which are provided radially in the hub
2a and in which a resin is made to flow at the time of
molding, thereby forming the hub 2a; the plurality of blade
runners 9b which are respectively provided around the
bases of the blades 13 and in which the resin is made to
flow at the time of molding, thereby forming the blade 3;
and the connection runners 9c for respectively connect-
ing the hub runners 9a and the blade runners 9b posi-
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tioned close to the respective hub runners 9a, each of
the runners 9is continuously formed in the radial direction
from the rotation center side to the outer periphery of the
main plate 2. Consequently, the resin injected from the
resin injection port 10 is branched to the resin flowing
toward the rotation center and the resin flowing toward
the outer periphery side in main flow directions. After that,
the resin does not flow backward but flows to the main
plate 2 in the periphery while flowing through the runners
9.

[0044] As described above, the resin flow directions
are relatively simple, so that a portion in which the resin
merging portion A is formed can be predicted clearly.
There are also effects that the resin can flow smoothly,
moldability can be improved, and the very reliable fan 1
can be obtained. Further, the distance of the resin merg-
ing portion A can be shortened, and deterioration in the
strength of the turbofan can be prevented.

[0045] As compared with the conventional configura-
tion in which the resin merging portions are formed by
the resin injected from a single resin injection port, in the
embodiment, the number of the resin merging portions
A can be decreased, the mold design can be simplified,
and occurrence of cavity and locally small thickness due
to uneven flow can be prevented.

[0046] FIG. 6 is a partly enlarged view of FIG. 1B. As
shown in the figure, in the fan according to the embodi-
ment, the hub runner 9a having the thickness t1 is pro-
jected from the hub 2a having the thickness t0 to the fan
external air duct 7 side only by the thickness difference
(t1-t0) in the wall face constructing the hub 2a of the fan
external air duct 7. The motor cooling hole 5 is positioned
on the extension line of the hub runner 9a on the rotation
center side. Consequently, the hub runner 9a functions
as an air guiding plate and induces air current G toward
the motor cooling hole 5. The hub runner 9a serves as
an air guiding plate to the air current G, thereby increasing
the current of air flowing on the surface of a motor mount-
ed in the portion surrounded by the hub 2a and acceler-
ating cooling of the motor. Usually, temperature protec-
tion control is performed such that power supply to the
motor is stopped when the temperature increases to cer-
tain temperature in temperature rise of the motor. How-
ever, by accelerating cooling of the motor, the motor can
be efficiently driven without executing the temperature
protection control. Further, breakage of the motor caused
by the high temperature of the motor can be also pre-
vented.

[0047] Asdescribed above, by the projection of the hub
runner 9a from the face of the main plate 2 of the hub 2a
to the fan external air duct 7 side as the motor mounting
side, the current of air to the surface of the motor is in-
creased, cooling of the motor can be accelerated, and
there is an effect that the very reliable turbofan can be
obtained.

[0048] With respect to the shape of the fan according
to the embodiment, a plurality of sets each constructed
by the blade 3, the blade runner 9b, the hub runner 9a,
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the connection runner 9c, and the motor cooling hole 5
are provided radially around the rotation axis O as a cent-
er. Specifically, all of the blades 3 constructing the fan 1
have almost the same arrangement that the resin injec-
tion port 10, the hub runner 9a, the blade runner 9b, the
connection runner 9c, and the motor cooling hole 5 are
prepared for the blade. Therefore, by injecting almost the
same amount of resin to the plurality of resin injection
ports 10, the resin flows in similar directions in the entire
disc-shaped fan 1, and the blades 3 can be formed under
similar molding conditions. Consequently, there is an ef-
fect such that, in afan completed by molding, occurrence
of cavity and locally small thickness caused by uneven
flow can be prevented as a whole, and a turbofan having
high reliability in strength is obtained.

[0049] Forexample, when the necessary resin amount
is different among the sets each constructed by the blade
3, the blade runner 9b, the hub runner 9a, the connection
runner 9¢, and the motor cooling hole 5 due to, for ex-
ample, variations in the pitches in the circumferential di-
rection, by changing the amount of resin injected from
the resin injection port 10 in accordance with the neces-
sary amount, the molding can be performed under similar
molding conditions, and an effect similar to the above is
produced.

[0050] By providing equal numbers of the motor cool-
ing holes 5 and the hub runners 9a, the disposal relation
of the blade 3 to the motor cooling hole 5 can be made
almost similar to the motor cooling holes 5 constructing
the fan 1. Consequently, turbulent air flow E2 from the
fan external air duct 7 to the fan internal air duct 6 via the
motor cooling hole 5 goes to the rear side of the blade 3
formed by the blade runner 9b connected to the hub run-
ner 9a closest to the motor cooling hole 5. The turbulent
air flows E2 from the motor cooling holes 5 flow between
the blades 3 and 3 respectively and they do not directly
collide with each other. Therefore, without being subject-
ed to large pressure fluctuations, the turbofan realizing
reduced noise can be obtained.

[0051] Although equal numbers of the motor cooling
holes 5 and the hub runners 9a are provided here, the
number of motor cooling holes 5 may be smaller than
thatofthe hub runners 9a. Forexample, the motor cooling
holes 5 may not be provided on the rotation center O side
of all ofthe hub runners 9a. By providing the motor cooling
holes 5 in positions avoiding the resin merging portions
A of the hub 2a and in uniform positions with respect to
the rotation center O, the turbofan having high reliability
in strength, which can be molded under substantially uni-
form molding conditions and in which occurrence of cav-
ity and locally small thickness due to uneven flow can be
prevented as a whole, is obtained. Obviously, by provid-
ing equal numbers of the motor cooling holes 5 and the
hub runners 9a, the turbofan can be molded under more
uniform molding conditions, and the very reliable turbofan
is obtained.

[0052] The fan shape is so constructed as shown in
FIG. 1 that a plurality of sets each made of the blade 3,



15 EP 2 980 414 A1 16

the blade runner 9b, the hub runner 9a, the connection
runner 9c¢, and the motor cooling hole 5 are provided
radially around the rotation axis O as a center, and at
least one of angles each formed between neighboring
sets is different from the other angles. With the configu-
ration, the air current E2 released to the outside from the
motor cooling hole 5 and the air flow E1 blowing off from
the blade 3 are prevented from having periodicity. There-
fore, noise due to the number of revolutions of the fan
can be prevented and quietness in the sense of hearing
is maintained.

[0053] As described above, by providing a plurality of
sets each constructed by the blade 3, the blade runner
9b, the hub runner 9a, the connection runner 9c¢, and the
motor cooling air 5 radially arranged around the rotary
shaft as a center, each of the blades 3 has almost the
same arrangement with respect to the resin injection port
10, the hub runner 9a, the blade runner 9b, and the motor
cooling hole 5. Therefore, the molding conditions can be
made almost the same, occurrence of cavity and locally
small thickness caused by uneven flow can be prevented,
and the turbofan having high reliability in strength is ob-
tained.

[0054] In the sets each constructed by the blade 3, the
blade runner9b, the hub runner 9a, the connection runner
9c, and the motor cooling hole 5, by making at least one
of the angles each formed between neighboring sets dif-
ferent from the other angles, an effect that noise can be
reduced is obtained.

[0055] By providing the motor cooling holes 5 of the
same number as that of the hub runners 9a, the positional
relations between the motor cooling holes 5 and the
blades 3 can be made equal, the air current E2 flowing
from the fan external air duct 7 to the fan internal air duct
6 can smoothly pass between the blades and to the out-
side. Effects that noise can be reduced and, further, mold-
ability is high are produced.

[0056] A fan molding process will now be described
with reference to FIG. 7. FIG. 7 is a flowchart showing
the fan molding process. A mold for molding the fan 1
having the shape shown in FIGS. 1 to 6 is fixed (ST1),
and the thermoplastic resin is injected from the resin in-
jection ports 10 (ST2). The injected resin flows through
the hub runners 9a, the connection runners 9c, and the
blade runners 9b and, further, spreads from the runners
9 to the main plate 2 and the blades 3. The whole fan is
filled with the resin in a few msec. Next, the fan is cooled
to harden the thermoplastic resin (ST3). After the ther-
moplastic resin is completely hardened, the molded fan
1 is released and removed from the mold (ST4). After
that, the shroud 4 is fixed to the suction side of the fan 1
(ST5). Further, the program advances to a process such
as attachment of the shaft of a motor.

[0057] The thicknesses of the parts of the resin forming
the fan 1 will now be described.

[0058] AsshowninFIGS. 5and 6, the minimum thick-
ness of the part other than the runners 9 of the main plate
2 is t0, the thickness of the hub runner 9a is t1, the thick-
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ness of the blade runner 9b formed around the opening
3b of the blade having a hollow shape is t2, and the thick-
ness of the blade 3 having a hollow shape is t3. At least
the thicknesses t1, t2, and t3 are set to be larger than
the thickness t0. Although there is a case that the runners
9 have an error at the time of molding or their corner
portion has an R shape, a portion having the maximum
thickness is set as the thickness of the runner 9. As shown
in the diagrams, the thicknesses of the runners 9 include
the thickness of the main plate 2 and the thickness of the
portion projected from the main plate face.

[0059] FIG. 8 is a graph showing molding time with
respect to the ratio t1/t0 of the thickness t1 of the hub
runner 9ato the minimum thickness t0 of the portion other
than the runner in the main plate 2. The axis of abscissa
shows t1/t0, and the axis of ordinate indicates the molding
time (sec). The molding time denotes time required for
ST2 to ST4 in the flowchart shown in FIG. 7, which is the
time from the resin injection to the removing from the
mold after cooling.

[0060] As shown in the graph of FIG. 8, in the case
where t1/t0 is 1.0 or less, that is, the thickness t1 of the
hub runner 9a is equal to or less than the minimum thick-
ness t0 of the portion other than the runners in the main
plate 2, the runner 9a is thinner, flow of the resin is not
good, it takes time for the resin to flow in the whole mold,
and molding time increases. In the case where t1/t0 is
larger than 2.0, that is, the thickness t1 of the hub runner
9aislarger than twice as large as the minimum thickness
t0 of the portion other than the runners in the main plate
2, it takes time to cool down the resin, and the time until
removing increases. As a result, when the ratio t1/t0 lies
in the range of 1.1 <11/t0 < 2, the molding time can be
made shorten atleast more than the case where the thick-
nesses t1 and t0 are the same (11/t0 = 1.0). By shortening
the molding time, the production amount can be in-
creased. Further, electricity used by a molding machine
can be also reduced so that energy can be saved.
[0061] FIG. 9 is a graph showing molding time with
respect to the ratio t2/t0 of the thickness t2 of the blade
runner 9b to the minimum thickness t0 of the portion other
than the runners in the main plate 2. The axis of abscissa
shows t2/t0, and the axis of ordinate indicates the molding
time (sec). The molding time denotes time required for
ST2 to ST4 in the flowchart shown in FIG. 7, which is the
time from the resin injection to the removing after cooling.
[0062] As shown in the graph of FIG. 9, in the case
where t2/t0 is 1.0 or less, that is, the thickness t2 of the
blade runner 9b is equal to or less than the minimum
thickness t0 of the portion other than the runners in the
main plate 2, the runner 9b is thinner, flow of the resin is
not good, it takes time for the resin to flow in the whole
mold, and molding time increases. In the case where
t2/t0 is larger than 2.0, that is, the thickness t2 of the
blade runner 9b is larger than twice as large as the min-
imum thickness t0 of the portion other than the runners
in the main plate 2, it takes time to cool down the resin,
and the time until removing increases. As a result, when
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the ratio t2/t0 lies in the range of 1.1 < 2/t0 < 2, the mold-
ing time can be made shorten at least more than the case
where the thicknesses t2 and t0 are the same (t2/t0 =
1.0). By shortening the molding time, the production
amount can be increased. Further, electricity used by a
molding machine can be also reduced so that energy can
be saved.

[0063] Therefore, by setting the ratio t1/t0 between the
thickness t1 of the hub runner 9a and the minimum thick-
ness t0 of the portion other than the runners 9 in the main
plate 2 in the range of 1.1 < t1/t0 < 2, the molding time
can be shortened as compared with the case where the
thicknesses t1 and t0 are the same (t11/t0 = 1.0). Similarly,
by setting the ratio t2/t0 between the thickness t2 of the
blade runner 9b and the minimum thickness t0 of the
portion other than the runners 9 in the main plate 2 in the
range of 1.1 <12/t0 <2, the molding time can be shortened
as compared with the case where the thicknesses t2 and
t0 are the same (t2/t0 = 1.0). Particularly, by setting the
upper limit of the thicknesses t1 and t2 of the runners 9
to double of the minimum thickness t0 of the main plate
2, the molding time can be shortened, the amount of the
resin can be decreased, and reduction in the weight and
cost of the fan 1 can be also achieved.

[0064] Although the thickness t1 of the hub runner 9a
and the thickness t2 of the blade runner 9b have been
described separately, it is also possible to satisfy one of
the thicknesses or both of them. In the configuration
where both of the thicknesses t1 and t2 are satisfied, the
molding time can be further shortened effectively.
[0065] As described above, when at least one of the
thickness of the hub runner 9a and the thickness of the
blade runner 9b is set as "t" and the thickness of the
portion other than the runners 9 in the main plate 2 is t0,
by setting the ratio t/t0 to be in the range of 1.1 < /10 <
2, the molding time can be shortened as compared with
the case where the thicknesses t and t0 are the same

(tt0 = 1.0).

[0066] The shape of the blade 3 will be described here-
inbelow.

[0067] FIGS. 10A and 10B and FIG. 11 show the con-

figuration of one blade 3. FIGS. 10A and 10B and FIG.
11 are diagrams illustrating the blade 3 according to the
embodiment. FIG. 10A is a side view of one blade. FIG.
10Bis a view illustrating a transverse section taken along
line Z-Z of FIG. 10A. FIG. 11 is an explanatory view il-
lustrating vertical section taken along line Y-Y of FIG.
10B.

[0068] AsshowninFIG. 10A, abladeinner-radius-side
hollow 3dc and a blade outer-radius-side hollow 3dd of
a blade hollow 3d tilt to the inside of the hollow shape
with respect to a linear line X parallel with the rotation
axis at arbitrary angles 61 and 62, respectively, that is,
the blade hollow 3d is tapered from the blade opening
3b, as a base, formed in the main plate 2 to the blade
suction-side end 3e toward the inside of the hallow shape.
Since the blade 3 has almost uniform thickness, the blade
inner-radius-side end 3a and the blade outer-radius-side
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end 3c also tilt to the inside of the hollow shape, with
respect to the linear line X parallel with the rotation axis
at the arbitrary angles 61 and 62, respectively, that is,
the blade ends 3a, 3c are tapered from the blade opening
3b to the blade suction-side end 3e toward the inside of
the hallow shape.

[0069] As shown in FIG. 11, a blade front hollow 3da
in the rotation direction D of the blade 3 and a blade rear
hollow 3db as a side face in the inverse rotation direction
of the blade 3 tilt to the inside of the hollow shape with
respect to the linear line X parallel with the rotation axis
at arbitrary angles 63 and 64, respectively, that is, the
side surfaces 3da, 3db of the blade hollow 3d are tapered
from the blade opening 3b to the blade suction-side end
3e toward the inside of the hallow shape. Since the blade
3 has almost uniform thickness, the blade inner-radius-
side surface 3f and the blade outer-radius-side surface
3g also tilt with respect to the linear line X parallel with
the rotation axis, at the arbitrary angles 63 and 64, re-
spectively, that is the blade hollow 3d is tapered from the
blade opening 3b to the blade suction-side end 3e toward
the inside of the hallow shape.

[0070] In short, the blade 3 and the blade hollow 3d
have atapered shape from the main plate 2 to the shroud
4 and tilt to the inside of the hollow at the predetermined
angles 61 and 02, and the predetermined angles 63 and
04. Consequently, at the time of releasing the mold from
the fan mold body in the rotation axis direction, the resin
and the mold can be smoothly separated from each other
because of the tilt. The blade 3 can be prevented from
being adhered to the mold and broken, so that moldability
can be improved. On completion of cooling and harden-
ing oftheresin, the mold is in close contact with the stand-
ing faces 3a, 3c, 3f, and 3g of the fan mold body on the
outside of the blade 3 having the hollow shape, and fur-
ther with the standing faces 3dc, 3dd, 3da, and 3db of
the fan mold body on the inside or the hollow side of the
blade 3. The standing faces on both of the outside and
inside of the hollow are tapered from the base in the ver-
tical direction. Consequently, the mold can be easily re-
leased on both of the outside of the blade 3 and inside
of the hollow of the blade 3.

[0071] In addition, the weight of the blade 3 having the
hollow shape can be reduced as compared with that of
the blade 3 which does not have a hollow shape. In the
case where the thickness of the blade 3 is not uniform,
poor molding due to variations in cooling and hardening
time of the resin occurs, and there is a problem of low
moldability. However, the thickness of the blade 3 is
made almost uniform, so that the cooling and hardening
time of the resin can be made almost uniform, poor mold-
ing can be prevented, and moldability can be improved.
[0072] As described above, the turbof an includes: the
disc-shaped main plate 2; the projected hub 2a formed
by making the center portion of the main plate 2 project
in the rotation axis direction; and the plurality of blades
3 each of which has the hollow shape, and is provided
so as to stand on the outer-periphery-side flat part of the
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main plate 2 as a base in the projecting direction of the
hub 2a, the base having the opening 3b. The standing
faces 3a, 3g, 3c, and 3f on the outside of the blade 3
having the hollow shape and the standing faces 3da, 3db,
3dc, and 3dd on the inside or the hollow side of the blade
3 tilt to the inside of the hollow, and the outside of the
blade 3 and the hollow inside are tapered from the base.
With the configuration, the mold can be easily released,
and the damage of the blade 3 caused by adhesion of
the blade 3 to the mold can be prevented.

[0073] Further, by making the thickness of the blade 3
almost uniform, the cooling and hardening time of the
resin can be made uniform, and the turbofan having ex-
cellent moldability can be obtained.

[0074] In addition, by forming the blade 3 in the hollow
shape, the whole fan 1 can be made lighter.

[0075] FIG. 12 is a graph showing fan molding time
(sec) and noise value (dB) when all of the angle 61 of the
blade inner-radius-side end 3a with respectto the rotation
axis, the angle 62 of the blade outer-radius-end 3c with
respect to the rotation axis, the tilt angle 63 of the blade
front hollow 3da with respect to the rotation axis, and the
tilt angle 64 of the blade rear hollow 3db with respect to
the rotation axis are set to the same tilt angle 6, and the
tilt angle 0 is changed. The axis of abscissa denotes the
tilt angle 6 and the axis of ordinate indicates the molding
time (sec) and the noise value (dB). The noise value (dB)
was measured at a point located just below the fan and
apart from the fan by 2 m. The molding time is time cor-
responding to ST2 to ST4 in the flowchart showing the
molding process shown in FIG. 7.

[0076] The molding time will be described on the basis
of the graph shown in FIG. 12.

[0077] Inthe case where the tilt angle 6 < 0°, the blade
3 has a shape widened from the main plate 2 side toward
the shroud 4 side, so that the mold cannot be released,
and the configuration is impossible. In the case where 0
= 0°, that is, in the case where the blade 3 is not tilted
with respect to the rotation axis, friction between the
blade 3 and the mold is large. If the mold is not released
slowly, the blade 3 is broken due to adhesion to the mold,
so that long molding time is necessary. In contrast, by
employing the tilt angles 6, mold release is facilitated,
and mold release time can be shortened. Further, the
surface area of the blade 3 increases, and cooling area
also increases, so that cooling time is shortened. Con-
sequently, by employing the tilt angles 6, the molding
time can be shortened. When the tilt angle 6 is 1°, the
molding time becomes about the half of that in the case
where the tilt angle 6 is 0°. Therefore, when the tilt angle
0 is 1° or larger, the molding time is shortened, and mold-
ability is high.

[0078] The noise value will now be described on the
basis of the graph shown in FIG. 12.

[0079] When the tilt angle 0 is too large in the relation
between the tilt angle 6 and the noise value, the flow path
between the neighboring blades 3 and 3 is narrowed,
velocity of air passing in the path increases, and it in-
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creases noise. According to the result of measurement
in FIG. 12, when the tilt angle 6 is larger than 3°, noise
increases. Consequently, when the tilt angle 6 is set in
the range of 1° < 6 < 3°, a preferable noise value can be
maintained.

[0080] As aresult, by setting thetiltangle 6 in the range
of 1° < 0 < 3°, the turbofan having small noise change
and high moldability is obtained.

[0081] As described above, by making the standing
faces 3a, 3g, 3c, and 3f on the outside of the blade 3
having the hollow shape and the standing faces 3da, 3db,
3dc, and 3dd on the inside or the hollow side of the blade
tilt to the inside of the hollow, each of the predetermined
tilt angles 0 is set in the range of 1° <6 < 3°. It produces
an effect that the turbofan having small noise change and
high moldability is obtained.

[0082] In the above, all of the blade inner-radius-side
hollow 3dc, the blade outer-radius-side hollow 3dd, the
blade front hollow 3da, and the blade rear hollow 3db of
the blade are tilted to the inside of the hollow at the same
tilt angle 6 with respect to the rotation axis. However,
even when they are tilted at angles different from each
other, a similar effect is produced.

[0083] The blade inner-radius-side end 3a, the blade
outer-radius-side end 3c, the blade suction-side end 3e,
the blade front side 3f on the front side in the blade rota-
tion direction, and the blade rear side 3g on the rear side
in the blade 3 have almost uniform thickness. However,
the invention is not limited to the configuration, and they
may be slightly different from each other due to molding
error and the like. In the blade inner-radius-side end 3a
and the blade outer-radius-side end 3c, since the width
in the rotation direction is small, and it is difficult to make
the thicknesses uniform in this part. Itis sufficient to make
the thickness of the blade 3 almost uniform with fluctua-
tion to a certain extent. By making the thickness uniform,
theresinis injected uniformly and cooled uniformly. Thus,
a preferable mold body can be obtained.

[0084] In the embodiment, by making the center por-
tion of the blade 3 upright in the projection direction of
the hub 2a from the base of the main plate 2 and tilting
the standing faces on the outside of the blade 3 and on
the inside or the hollow side to the inside of the hollow,
the above effects are obtained. In the configuration, the
mold is released in the rotation axis direction and in par-
allel with the rotation axis. For example, the mold may
be alsoreleased in the rotation axis direction while slightly
turning the mold around the rotation axis as a center. In
the case of releasing the mold while rotating it, the con-
figuration in which the center portion of the blade 3 is
upright in the projection direction of the hub 2a from the
base of the main plate 2 is not employed, but a shape in
which the center portion of the blade 3 tilts from the base
of the main plate 2 to the blade suction-side end 3e in
the rotation release direction by predetermined angle is
employed. Also in the case of employing the configura-
tion that the blade 3 tilts, by tilting the standing faces on
the outside of the blade 3 and the inside or the hollow
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side to the inside of the hollow, mold release can be per-
formed easily, and effects similar to the above are pro-
duced.

[0085] Theturbofan1inwhichtherunners9 areformed
with another configuration will be described. FIG. 13 is a
bottom view of the turbofan 1 molded with another runner
configuration. In FIG. 13, the same reference numerals
as those of FIG. 3 express the same or corresponding
parts.

[0086] In FIG. 13, runners 9d for cooling holes, each
formed so as to surround the motor cooling hole 5 are
provided. By connecting the runner 9d and the hub runner
9a, an integral runner is formed.

[0087] Inthe turbofan constructed as described above,
part of the resin injected from the resin injection port 10
at the time of molding flows from the hub runner 9a to
the runner 9d for a cooling hole and further flows to the
hub 2a and the boss 2c. At this time, the resin flowing in
the hub runner 9a is branched to two directions in the
cooling hole runner 9d, and flows in the cooling hole run-
ner 9d provided around the motor cooling hole 5. After
the resin flows around the motor cooling hole 5, the resin
merges again with reliability on the side of the boss 2¢
of the motor cooling hole 5, and flows toward the boss
2c. As described above, by providing the cooling runner
9d, the flowability of the resin around the motor cooling
hole 5 improves, so that moldability can be improved.
[0088] By providing the cooling hole runner 9d around
the motor cooling hole 5, the resin in the cooling hole
runner 9d is hardened to remain around the motor cooling
hole 5 as an opening, and the periphery of the motor
cooling hole 5 is made thick. Consequently, the strength
around the motor cooling hole 5, which tends to decrease
due to the opening, can be improved. Thus, the turbofan
having durability against a breakage even with an impact
applied is obtained.

[0089] FIG. 14 is a bottom view of the turbofan 1 mold-
ed with further another runner configuration. In FIG. 14,
the same reference numerals as those of FIG. 3 express
the same or corresponding parts.

[0090] InFIG.14,thelinearhubrunner9ais connected
to the cooling hole runner 9d around the motor cooling
hole 5 and is further connected to a hub upper thick por-
tion 2d. The rotation center side of the motor cooling hole
5 is the hub upper thick portion 2d which is thicker than
the portion other than the runners in the main plate 2.
[0091] Inthe turbofan constructed as described above,
part of the resin injected from the resin injection port 10
at the time of molding flows from the hub runner 9a to
the runner 9d for a cooling hole and further flows to the
hub upper thick portion 2d, thereby forming the portion.
In a manner similar to the configuration of FIG. 13, the
resin flowing in the hub runner 9a is branched to two
ways in the cooling hole runner 9d, and flows in the cool-
ing hole runner 9d provided around the motor cooling
hole 5. After the resin flows around the motor cooling
hole 5, the resin flows to the hub upper thick portion 2d
connected to the periphery of the motor cooling hole 5,
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thereby forming the hub upper thick portion 2d.

[0092] Like the configuration of FIG. 13, by providing
the cooling hole runner 9d around the motor cooling hole
5, the resin in the cooling hole runner 9d is hardened to
remain around the motor cooling hole 5 as an opening,
and the periphery of the motor cooling hole 5 is made
thick. Consequently, the strength around the motor cool-
ing hole 5, which tends to decrease due to the opening,
can be improved. By providing the cooling hole runners
9d, moldability and strength can be improved by improve-
ment in the flowability of the resin around the motor cool-
inghole 5. The turbofan having durability against a break-
age even with an impact applied is obtained.

[0093] Further, in the configuration, the cooling hole
runner 9d is directly connected to the hub upper thick
portion 2d around the boss, which is thicker than the hub
inclination face. Consequently, the resin smoothly flows
to the hub upper thick portion 2d, and the resin flowing
in the cooling hole runner 9d reliably merges again on
the front side in the resin flowing direction of the motor
cooling hole 5, that is, on the boss 2c side of the motor
cooling hole 5, and the merged resin flows to the hub
upper thick portion 2d. Therefore, the resin can be reliably
injected to the periphery of the motor cooling hole 5 as
an opening by an amount of the thickness of the cooling
hole runner 9d. Thus, the strength around the motor cool-
ing hole 5, which tends to decrease due to the opening,
can be improved.

[0094] As described above, by providing the cooling
hole runner 9d connected to the hub runner 9a and
formed so as to surround the motor cooling hole 5, the
turbofan realizing improved moldability and strength by
improvement in the flowability of the resin around the
motor cooling hole 5 can be obtained.

[0095] Next, the blade runner 9b will be described in
detail. FIG. 15 is a perspective view of the turbofan ac-
cording to the embodiment and having another configu-
ration, viewed from below. FIG. 16 is a partly enlarged
perspective view showing a part of FIG. 15. FIGS. 17A
and 17B and FIGS. 18A and 18B are explanatory views
illustrating one blade 3. FIG. 17A is a side view of the
blade 3 and FIG. 17B is a transverse section taken along
line Z-Z of FIG. 17A. FIG. 18A is a cross section taken
along line Y-Y of FIG. 17B. FIG. 18B is an enlarged view
of the portion of a circle M in FIG. 18A. FIG. 19 is an
explanatory view illustrating a part of the bottom face of
the turbofan 1.

[0096] The configuration of the turbofan shown here is
another configuration of the blade runner 9b provided
around the blade opening 3b formed in the base of the
blade 3.

[0097] For example, as shown in FIGS. 15 to 18B, the
blade runner 9b is provided around the opening in the
blade 3 having a hollow shape, and the blade runner 9b
on the front side in the blade rotation direction is called
a blade front runner 9ba, and the blade runner 9b on the
rear side in the blade rotation direction is called a blade
rear runner 9bb. The projection height from the face of
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the main plate 2 of the blade front runner 9ba and that
from the face of the main plate 2 of the blade rear runner
9bb are made different from each other. The projection
height in the rotation axis direction of the blade front run-
ner 9ba is set to be larger than that of the blade rear
runner 9bb by a predetermined height, and the blade
front runner 9ba is made project to the outside of the fan.
[0098] An air current C near the main plate 2 at the
blade opening 3b generated at the time when the fan 1
rotates in the direction D collides with the blade front run-
ner 9ba, is curved outward, draws a parabola, and flows
so as to approach the main plate 2 again on the blade
rear runner 9b side. FIG. 16 is an enlarged view showing
this state. If the blade front runner 9ba and the blade rear
runner 9bb have the same height, at the time of rotation
of the fan, the flow around the main plate 2 is apart from
the blade front runner 9ba and collides with the corner
of the blade rear runner 9bb, so that pressure fluctuation
occurs, causing a problem such that noise occurs in the
narrow band.

[0099] In contrast, when the blade front runner 9ba is
set to be higher than the blade rear runner 9bb by pre-
determined height as shown in FIG. 18B, the flow near
the blade opening 3b is as shown by the arrow C in FIG.
18A. Specifically, the flow after departing from the blade
front runner 9ba draws a parabola which curves to the
outside of the main plate 2 and flows so as to approach
the main plate 2 again on the rear side in the rotation
direction of the blade rear runner 9bb. If the blade front
runner 9ba is set to be higher, the air current C curves
to the outside from the surface of the main plate 2 so that
the departing distance from the main plate 2 increases.
As a result, a re-attachment point of the air current C
shifts to the rear side of the blade rear opening 3b. By
making the air current C smoothly re-attached on the rear
side of the blade rear opening 3b, the air current C can
be prevented from collision with the corner of the blade
rear runner 9bb, and noise can be reduced.

[0100] Sincetheblade frontrunner 9ba becomes thick-
er, the resin flows to the blade 3 more smoothly. As a
result, shrinkage can be prevented, andmoreover, the
strength in the blade front runner 9ba improves, so that
the strength of the fan also improves.

[0101] As described above, by making the blade front
runner 9ba higher than the blade rear runner 9bb by pre-
determined height so as to project toward the outside of
the fan, the light, strong, highly reliable, and low-noise
turbofan, which can be prevented from being broken at
the time of rotation and transportation, is achieved.
[0102] The difference At (shown in FIG. 18B) between
the height of the blade front runner 9ba and the height
ofthe blade rear runner 9bb of the blade runner 9b formed
so as to surround the blade 3, with respect to the maxi-
mum opening diameter F of the blade opening 3b of the
blade having a hollow structure shown in FIG. 19 will be
described. The maximum opening width F is the diameter
of an inscribing circle of the opening on the face of the
main plate 2, and At denotes the difference between the
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height of the blade front runner 9ba and the height of the
blade rear runner 9bb.

[0103] When the height difference At is small, the flow
departing from the blade front runner 9ba does not draw
a parabola having a sufficient height but collides with the
corner of the blade rear runner 9bb. Consequently, noise
occurs due to pressure fluctuations in the blade opening
3b. On the contrary, when the blade front runner 9ba is
too high, that is, the difference At is too large, the flow is
separated by the blade front runner 9ba, and a peak
sound due to the rotation speed is generated. As de-
scribed above, a desirable range of the difference At be-
tween the height of the blade front runner 9ba and the
height of the blade rear runner 9bb exists.

[0104] The flow crossing the blade opening 3b relates
to not only the difference At between the height of the
blade front runner 9ba and the blade rear runner 9bb but
also the maximum opening diameter F of the blade open-
ing 3b. Consequently, the ratio (At/F) of the difference At
between the height of the blade front runner 9ba and the
height of the blade rear runner 9bb to the maximum open-
ing diameter F of the blade opening 3b is calculated. FIG.
20is a graph showing the relation between the ratio (At/F)
% and the noise value (dB) with the same air volume.
The axis of abscissa denotes the At/F (%) and the axis
of ordinate indicates the noise value (dB). The noise val-
ue was measured just below the fan and 2m apart there-
from.

[0105] By constructing the turbofan so that the ratio
lies at least in the range of 4% <At/F<22% on the basis
of the measurement result shown in FIG. 20, the turbofan
with noise lower than thatin the case where the projection
height from the face of the main plate 2 of the blade front
runner 9ba and that of the blade rear runner 9bb are the
same, that is, At = 0 (At/F=0) is obtained.

[0106] In the case where At/F < 4%, the difference At
of the runners is small with respect to the maximum open-
ing diameter F. Thus, the possibility that the flow depart-
ing from the blade front runner 9ba collides with the cor-
ner of the blade rear runner 9bb becomes high, and pres-
sure fluctuation occurs so that noise is generated in the
narrow band. On the other hand, in the case where 22%
< AY/F, the difference At of the projection heights of the
runners is large with respect to the maximum opening
diameter F. Thus, the flow departing from the blade front
runner 9ba is separated, and noise increases by a peak
sound due to the rotational speed.

[0107] As described above, by forming the turbofan so
that the difference between the projection height of the
blade front runner 9ba and the projection height of the
blade rear runner 9bb with respect to the maximum open-
ing diameter F of the blade opening 3b is setin the range
of 4% < At/F < 22%, the noise can be suppressed, which
is generated in the narrow band at the time of rotation of
the fan since the flow around the main plate 2 is apart
from the blade front runner 9ba, collides with the corner
of the blade rear runner 9bb so that pressure fluctuation
occurs. A re-attachment point of the air current after de-
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parting from the blade front runner 9ba to the rear side
in the rotation direction of the blade rear runner 9bb is
moved to the rear side of the blade rear opening 3g, so
that the air current C is smoothly re-attached on the rear
side of the blade rear opening 3g. Since the projection
height of the blade front runner 9ba is not too high, so
that the flow is not separated by the blade front runner
9ba, occurrence of generation of a peak sound due to
rotation speed is suppressed, and deterioration in noise
can be prevented. Consequently, reduction in noise can
be achieved.

[0108] Therefore, by forming the turbofan so that the
ratio At/F of the difference At of the projection heights of
the blade front runner 9ba and the blade rear runner 9bb
to the maximum opening diameter F of the blade opening
3b of the blade having the hollow structure lies in the
range of 4% < At/F < 22%, noise can be reduced.
[0109] By providing the above-described configuration
of the fan in addition to the configurations of the blade
opening 3b and the blade runner 9b, further effects can
be obtained.

[0110] For example, by providing the motor cooling
holes 5 so as to avoid the resin merging portions, the
turbofan having high reliability in strength is obtained. By
providing the hub runner 9a, the resin flows easily to the
boss 2c near the top of the main plate 2, and the resin
flowability in the whole main plate can be improved. Since
the blade 3 has the hollow structure, the weight of the
turbofan as a whole can be reduced. Further, the blade
hollow 3d has the tapered shape having a molding draft
angle, which is tilted at the predetermined angle 6 from
the main plate 2 toward the shroud 4, so that the mold
can be easily released, breakage of the blade due to
adhesion of the blade 3 to the mold can be prevented,
and moldability is high. Since the thickness of the blade
3 is almost uniform, the cooling and hardening time can
be made uniform. Therefore, occurrence of poor molding
caused by unevenness due to variations in the cooling
and hardening time can be prevented to a certain degree.
[0111] Inthe embodiment, the fan in which the plurality
of blades 3 are constructed by seven blades and, accord-
ingly, seven runners 9 and seven motor cooling holes 5
are provided has been described. However, the number
of blades 3, the number of runners 9, and the number of
the motor cooling holes 5 are not limited to the above but
may be arbitrary.

[0112] Although the number of the motor cooling holes
5is the same as that of the hub runners 9a, as described
above, the number of motor cooling holes 5 may be set
to be smaller than the number of hub runners 9a. When
the motor cooling hole 5 is disposed on the extension
line of the hub runner 9a, the motor cooling hole 5 and
the resin merging portion do not meet with each other,
so that the strength is high. Consequently, even in the
case where the number of motor cooling holes 5 is set
to be smaller than that of the hub runners 9a, it is pref-
erable to dispose the motor cooling hole 5 on the exten-
sion line of the hub runner 9a. By decreasing the number
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of the motor cooling holes 5, although the function of
cooling the motor decreases, the strength of the hub 2a
of the fan can be increased.

[0113] FIGS. 21 to 23 show an example of the config-
uration in which the turbofan 1 described in the embod-
iment is mounted on an air conditioner. FIG. 21 is a per-
spective view showing a state where an air conditioner
is mounted in the ceiling, viewed from a room. FIG. 22
is a vertical cross section of the air conditioner. FIG. 23
is a horizontal cross section of the air conditioner. An
example of mounting the turbofan 1 in a recessed air
conditioner in the ceiling will be described.

[0114] The air conditioner shown in FIG. 21 is a re-
cessed air conditioner in the ceiling and faces a room 19
through a decorative panel 13 having an almost square
shape. In a center portion of the decorative panel 13, a
suction grille 13a as an air suction port to the air condi-
tioner body, and a filter 20 for removing dust from air
passing through the suction grille 13a are disposed. The
decorative panel 13 also has panel’ s blowout ports 13b
formed along sides of the decorative panel 13. Each of
the panel’s blowout ports 13b has a wind direction vane
13c.

[0115] As shownin FIG. 22, an air conditioner body 12
is disposed with a top plate 12c facing up for the room
19, side plates 12d are attached to the sides of the top
plate 12c, and is mounted so that the lower side opens
to the room 19. A body’s suction port 12a in the center
portion of the under face of the air conditioner body 12
is disposed so as to communicate with the suction grille
13a of the decorative panel 13. Body’s blowout ports 12b
disposed around the body’s suction port 12a are dis-
posed so as to communicate with the panel’s blowout
ports 13b. The air conditioner body 12 has therein the
fan 1, a bell mouth 14 forming a suction air path of the
turbofan, and a motor 8 for rotating the fan 1.

[0116] A heatexchanger 15 is disposed in a discharge
air path extending from a part between the blades as an
air current blowing part in the fan 1 to the panel’s blowout
ports 13b. The heat exchanger 15 has aluminum fins 15a
and heat transfer tubes 15b. The heat exchanger 15 has
a configuration that the plurality of aluminum fins 15a
each having a rectangular shape, which extend in the
height direction of the air conditioner body 12, that is, in
the vertical direction are stacked at predetermined inter-
vals and the heattransfertubes 15b in a plurality of stages
penetrate the fins in the stack direction.

[0117] As shown in FIG. 23, the heat exchanger 15 is
formed almost in a C shape so as to surround the pe-
riphery side of the turbofan 1. To the heat transfer tubes
15b at one of two ends of the heat exchanger 15 having
an almost C shape, a header 16 for adjusting an amount
of refrigerant to each of the heat transfer tubes 15b, a
distributor 17, and connecting pipes 18 connecting the
distributor 17 with the outside unit are attached. A refrig-
erant such as carbon dioxide is circulated in the heat
transfer tubes 15b.

[0118] By the air conditioner constructed as described
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above, when the turbofan 1 rotates in the rotation direc-
tion D, airin the room 19 passes through the suction grille
13a of the decorative panel 13 and the filter 20 and dusts
are removed from the air. The resultant air passes
through the body’s suction port 12a and the bell mouth
14 and is sucked in the turbofan 1. The air passes be-
tween the blades 3 of the turbofan 1 and is discharged
toward the heat exchanger 15. The indoor air is heat-
exchanged with the refrigerant flowingin the heat transfer
tubes 15b at the time of passing through the heat ex-
changer 15, thereby performing heat exchange for heat-
ing, cooling, or the like or dehumidification. After that,
when the air blows out from the body’s blowout port 12b
and the panel’'s blowout ports 13b into the room 19, the
direction of the air is controlled by the wind direction
vanes 13c.

[0119] At the time of transporting the air conditioner,
usually, the air conditioner is held so that the rotation axis
direction of the turbofan 1 is perpendicular, that is, the
rotary shaft of the fan motor 8 is perpendicular. Specifi-
cally, the air conditioner body 12 is loaded onto a truck
or the like and carried in a state where the body top plate
12c becomes an under face or the bell mouth 14 side of
the air conditioner body 12 becomes the under face.
[0120] By mountingtheturbofan 1 according to the em-
bodiment in the recessed air conditioner shown in FIGS.
21 to 23, the following effects are produced.

[0121] By the improvementin the moldability of the tur-
bofan 1, the turbofan 1 can be made thinner and lighter,
and the weight of the whole product can be reduced.
Since the strength reliability is improved, the turbofan 1
can be prevented from being damaged by an impact such
as vibration at the time of transportation. The product
reliability of the air conditioner can be also improved.
[0122] In the turbofan 1 in which the motor cooling
holes 5 and the blades 3 are disposed at unequal pitches,
turbulent flow released from the motor cooling holes 5 to
the outside of the turbofan 1 and the flow blowing from
the blades 3 do not have periodicity. Therefore, noise
due to the rotational speed of the fan can be reduced,
and reduction in noise can be achieved. By mounting the
fan 1 on the air conditioner, the turbulent flow flowing out
from the fan 1 to the panel's blowout port 13b is also
reduced. Consequently, noise in the fan 1 is reduced
and, in addition, noise in the air conditioner can be further
reduced, so that a quiet air conditioner is obtained. Since
heat exchange is performed with the refrigerant in the
heat exchanger 15 in a state where the turbulent flow is
reduced, the efficient air conditioner is obtained.

[0123] The present invention is not limited to the re-
cessed air conditioner shown in FIGS. 21 to 23. Although
the air conditioner having the panel’s blowout ports 13b
in four directions in the ceiling has been described here,
two panel’s blowout ports 13b may be provided in two
directions so as to face each other. The air conditioner
may not be entirely mounted in a recess in the ceiling but
maybe mounted inastate where it is projected downward
from the surface of the ceiling. The air conditioner is not
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limited to a ceiling mounting type but may be a wall mount-
ing type. By applying the turbofan according to the em-
bodiment to an air conditioner having another configura-
tion on which the turbofan is mounted, in a manner similar
to the above, breakage of a fan during product transpor-
tation can be prevented, and a quiet and light air condi-
tioner with low noise, high product quality, and high port-
ability is obtained.

[0124] As described above, by the configuration in-
cluding at least any one of the turbofans described in the
embodiment and a heat exchanger, in which air sucked
from a suction port by the turbofan is heat-exchanged
with a refrigerant in the heat exchanger, and blowing the
resultant from a blowout port, a lightweight air conditioner
having high reliability in strength and achieving reduced
noise is obtained.

[0125] The inventionis notlimited to the air conditioner
but can be also applied to a ventilation fan and an air
cleaner each including a turbofan, and effects similar to
the above can be obtained.

[0126] Accordingtothe presentinvention, the following
effects can be obtained.

[0127] The plurality of hub runners 9a, which are con-
nected to the resin injection ports 10 and extended line-
arly in the fan radial direction with a thickness larger than
that of the inclined face of the hub 2a of the main plate,
are provided in predetermined intervals in the side face
on the motor side of the main plate 2. When resin flows
from the hub runners 9a to the hub upper thick portion
2d near the boss thicker than the inclined face of the hub
at the time of molding, the resin merging portion A is not
connected to the motor cooling hole 5 as an opening
having low strength against an impact but is formed be-
tween the motor cooling holes 5. Consequently, the resin
flows easily to the boss 2c¢ to improve moldability, and
the resin merging portion formed in the main plate 2 can
be made short. Thus, even if an impact is applied in the
axial direction (vertical direction in FIG. 1B) of the turbo-
fan 1 at the time of transportation or the like so that a
crack occurs in the worst case, the turbofan is resistant
to breakage. The improved moldability and high reliability
against an impact of the turbofan can be achieved.
[0128] The motor cooling holes 5 are disposed near
the fan center-side ends 9a1 of the hub runners 9a, and
at least the number of the motor cooling holes 5 and the
number of the hub runners 9a are the same. Further, the
blade inner-radius-side ends 3a are disposed near the
fan outer-radius-side ends 9a2 of the hub runners 9a.
The hub runners 9a and the blade runners 9b formed so
as to surround the openings 3b of the blades 3 are con-
nected to each other via the connection runners 9c, so
that the resin merging portion A made of the resin flowing
from the hub runners 9a is formed between the motor
cooling holes 5 with reliability. As a result, even if an
impact is applied in the axial direction (vertical direction
in FIG. 1B) of the turbofan 1 at the time of transportation
or the like so that a crack occurs in the worst case, the
turbofan is resistant to breakage. The improved molda-
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bility and high reliability against an impact of the turbofan
can be achieved. Since the hub runner 9a and the blade
runner 9b are not integrally formed, the amount of injec-
tion of the resin injected from the resin injection port 10
between the hub runner 9a and the blade runner 9b can
be adjusted. Therefore, occurrence of cavity and locally
small thickness due to uneven flow can be prevented,
and thereby deterioration in strength can be prevented.
Since the resin flows more easily because of the blade
runners 9b, the thickness of the blade 3 can be reduced,
and the thickness of the connection part of the blade 3
and the main plate 2 on which stress is concentrated can
be increased. Thus, both improvement in moldability and
improvement in strength of the turbofan can be realized
by improvement in the resin flowability.

[0129] Sincethe neighboring linear hub runners 9a are
formed so as not to overlap each other, the main current
direction of the resin is the radial direction so that the flow
direction is less complicated as compared with the con-
ventional case where ribs forming runners to one resin
injection port 10 are numerous, the resin merging portion
A can be made clearer, the number of resin merging por-
tions A can be reduced, the mold design can be simpli-
fied, occurrence of cavity and locally small thickness due
to uneven flow can be prevented, and deterioration in
strength of the turbofan can be prevented.

[0130] Since the hub runner 9a is projected to the fan
external air duct 7 side of the main plate, the hub runner
9a can also serve as an air guide for inducing flow G
toward the motor cooling hole 5. With the configuration,
air flowing on the surface of the fan motor 8, which is
mounted on the side of the fan external air duct 7 of the
hub 2a and fixed to the turbofan 1 by the boss 2c, in-
creases, so as to cool the motor more easily. Therefore,
the temperature protection control for coping with the mo-
tor temperature rise is made unnecessary and, further,
breakage of the motor due to high temperature can be
also prevented.

[0131] Theresin injection port provided near the blade
inner-radius-side end and the blade runner formed so as
to surround the main-plate-side opening of the blade hav-
ing the hollow shape are connected to each other via the
connection runner. The blade inner-radius-side hollow,
the blade outer-radius-side hollow, the blade front hollow
surface, and the blade rear hollow surface of the blade
hollow are faces tilted at an arbitrary angle 6 with respect
to the rotation axis. The blade inner-radius-side end, the
blade outer-radius-side end, the blade suction-side end,
and the blade front-side end on the front side and the
blade rear-side end on the rear side in the blade rotation
direction are formed so as to have almost the same thick-
ness in the entire blade. The blade and the blade hollow
are formed so as to be tapered from the main plate toward
the shroud. Since the blade has a hollow structure, the
weight of the blade can be reduced. Because of almost
uniform thickness, occurrence of poor molding caused
by variations in the cooling and hardening time of the
resin due to non-uniformblade thickness is suppressed,
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so that moldability is high. In addition, since each of the
blade and the blade hollow has a tapered shape at a
molding draft angle, which is tilted at the predetermined
angle from the main plate toward the shroud, the mold
can be easily released, breakage of the blade due to
adhesion of the blade to the mold can be prevented, and
moldability is high.

[0132] In a turbofan made of a thermoplastic resin in-
cluding: a disc-shaped main plate having a projected hub
formed by making a center portion so as to cover a motor,
a plurality of motor cooling holes formed in the hub, for
communicating the motor and the inside of the fan, and
a boss as a fixing part to a rotary shaft of a motor, which
is provided in the center portion of the hub; a plurality of
blades; and a shroud for coupling the plurality of blades
to form an air intake wall, a plurality of hub runners each
of which is connected to a resin injection port formed in
a main plate flat portion near the blade inner-radius-side
end, made thickerthan the inclined face of the main plate,
and extended linearly in the radial direction of the fan, is
provided in predetermined intervals on the motor-side
side face of the main plate. The hub runners are so
formed that a resin merging portion formed between
neighboring hub runners is not connected at least to the
motor cooling holes. The blade inner-radius-side hollow,
the blade outer-radius-side hollow, the blade front hollow
surface, and the blade rear hollow surface of the blade
hollow are faces tilted at an arbitrary angle 6 with respect
to the rotation axis. The blade inner-radius-side end, the
blade outer-radius-side end, the blade suction-side end,
and the blade front-side end on the front side and the
blade rear-side end on the rear side in the blade rotation
direction are formed so as to have almost the same thick-
ness in the entire blade. The blade and the blade hollow
are formed so as to be tapered from the main plate toward
the shroud. Because of the hub runners, resin flowability
in the hub and the main plate is high, and moldability is
high. Since the hub runners are formed so that the resin
merging portion does not communicate with at least the
motor cooling holes, breakage of the fan due to an impact
at the time of transportation or the like is prevented. Since
the blade has a hollow structure, the weight of the turbo-
fan as a whole can be reduced. Because of almost uni-
form thickness, occurrence of poor molding caused by
variations in the cooling and hardening time of the resin
due to non-uniform blade thickness is suppressed, so
that moldability is high. In addition, since each of the
blade and the blade hollow has a tapered shape at a
molding draft angle, which is tilted at the predetermined
angle from the main plate toward the shroud, the mold
can be easily released, breakage of the blade due to
adhesion of the blade to the mold can be prevented, and
moldability is high.

[0133] Further, because of reduction in the weight of
the blades, the weight of the outer peripheral portion of
the turbofan relative to the rotation center of the turbofan
is reduced. Consequently, centrifugal force at the time
of rotation is lessened, the stress applied on the root of
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the blade on the main plate is reduced, and strength can
be improved. Thus, breakage of the turbofan at the time
of rotation can be prevented. As a result, the lightweight
and high-reliability turbofan having high moldability and
strength is obtained.

[0134] The blade inner-radius-side hollow, the blade
outer-radius-side hollow, the blade front hollow surface,
and the blade rear hollow surface of the blade hollow are
faces tilted at a tilt angle 6 of 1° to 3° with respect to the
rotation axis. The blade inner-radius-side end, the blade
outer-radius-side end, the blade suction-side end, and
the blade front-side end on the front side and the blade
rear-side end on the rear side in the blade rotation direc-
tion are formed so as to have almost the same thickness
in the entire blade. The blade and the blade hollow are
formed so as to be tapered from the main plate toward
the shroud. Since the blade has a hollow structure, the
weight can be reduced. Because of almost uniform thick-
ness, occurrence of poor molding caused by variations
in the cooling and hardening time of the resin due to non-
uniformblade thickness is suppressed, so that moldability
is high. In addition, since each of the blade and the blade
hollow has a tapered shape at a molding draft angle,
which is tilted at the predetermined angle from the main
plate toward the shroud, the mold can be easily released,
breakage of the blade due to adhesion of the blade to
the mold can be prevented, and moldability is high. A
noise change is at least small and does not deteriorate.
As a result, when at least the tilt angle 6 is 1° to 3°, a
turbofan with a small noise change and high moldability
is obtained.

[0135] The mounting pitch angles o in the circumfer-
ential direction of the blades 3 are set as unequal pitch
angles and, simultaneously, the pitch angles y in the cir-
cumferential direction of the motor cooling holes 5 are
unequal pitch angles in correspondence with the blades
3. The hub runners 9a extending linearly in the radial
direction from the fan rotation center O are also arranged
at unequal pitches in correspondence with the blades 3
and the motor cooling holes 5. One resin injection port
10, the hub runner 9a, the blade runner 9b, and the motor
cooling hole 5 are disposed almost by the same arrange-
ment. Consequently, molding conditions hardly change,
occurrence of cavity and locally small thickness due to
uneven flow can be prevented, and deterioration in
strength of the turbofan can be prevented. Since the mo-
tor cooling holes 5 and the blades 3 are disposed by the
same arrangement, the turbulent flow E2 from the fan
outer air duct 7 to the fun inner air duct 6 via the motor
cooling hole 5 does not directly collide with the blade 3,
the turbofan is not largely subjected to pressure fluctua-
tions so that noise can be reduced.

[0136] The resin flowing out from the resin injection
port 10 flows from the hub runner 9a toward the cooling
hole runner 9d and flows to the boss 2c. Since there is
the cooling hole runner 9d around the motor cooling hole
5, after the resin flows in, the resin is merged again on
the rear side in the resin flowing direction of the motor
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cooling hole, and the merged resin flows to the boss 2c.
Consequently, unlike the conventional technique in
which there is no cooling hole runner around the cooling
hole and the resin is not easily re-merged on the rear
side in the resin flowing direction of the cooling hole, the
strength around the motor cooling hole 5, which tends to
decrease due to the opening, can be improved. As a re-
sult, improvement in both moldability and strength is re-
alized by improvement in the resin flowability around the
motor cooling hole, and the turbofan, which is resistive
to breakage even when an impact, is applied, is obtained.
[0137] When the ratio t1/f2 is in the range of 1.1 to 2,
and the ratio t2/t0 is in the range of 1.1 to 2 where 1
denotes the maximum thickness of the hub runner 9a, t2
denotes the maximum thickness of the blade runner 9b,
and t0 denotes the minimum thickness of the other por-
tion of the main plate 2, molding time can be shortened
as compared with the case where the thicknesses are
the same (t1/t0, t2/t0=). The production amount can be
increased in the same time, electricity required for amold-
ing machine can be also reduced, and energy can be
saved.

[0138] Thebladefrontrunnercorrespondingtothe side
face in the blade rotation direction of the blade runner
formed so as to surround the opening on the outer side
of the main plate of the blade having a hollow structure
has a height larger than the blade rear runner corre-
sponding to the side face on the opposite side in the blade
rotation direction and is formed so as to project to the
outside of the fan. Consequently, the noise can be sup-
pressed, which is generated in the narrow band at the
time of rotation since the flow around the main plate is
apart from the blade front runner, collides with the corner
of the blade rear runner, so that pressure fluctuation oc-
curs. A re-attachment point of the air flow after departing
from the blade front runner to the rear side in the rotation
direction of the blade rear runner is moved to the rear
side of the blade opening so that the air currentis smooth-
ly re-attached. Thus, noise can be reduced.

[0139] In a turbofan made of a thermoplastic resin in-
cluding: a disc-shaped main plate having a projected hub
formed by making a center portion so as to cover a motor,
a plurality of motor cooling holes formed in the hub for
communicating the motor and the inside of the fan, and
a boss as a fixing part fixed to a rotary shaft of a motor,
which is provided in the center portion of the hub; a plu-
rality of blades; and a shroud for coupling the plurality of
blades to form an air intake wall, a plurality of hub runners
each of whichis connectedto aresininjection portformed
in a main plate flat portion near the blade inner-radius-
side end, made thicker than the inclined face of the main
plate, and extended linearly in the radial direction of the
fan, is provided in predetermined intervals on the motor-
side side face of the main plate. The hub runners are so
formed that a resin merging portion formed between
neighboring hub runners is not connected at least to the
motor cooling holes. The blade inner-radius-side hollow,
the blade outer-radius-side hollow, the blade front hollow
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surface, and the blade rear hollow surface of the blade
hollow are faces tilted at an arbitrary angle 6 with respect
to the rotation axis. The blade inner-radius-side end, the
blade outer-radius-side end, the blade suction-side end,
and the blade front-side end on the front side and the
blade rear-side end on the rear side in the blade rotation
direction are formed so as to have almost the same thick-
ness in the entire blade. The blade and the blade hollow
are formed so as to be tapered from the main plate toward
the shroud. The blade runner formed so as to surround
the opening on the outside of the main plate of the blade
having the hollow structure is connected via the connec-
tion runner. The blade front runner corresponding to the
side face inthe blade rotation direction of the blade runner
has a height larger than that of the blade rear runner
corresponding to the side face on the opposite side in
the blade rotation direction and is formed so as to project
to the outside of the fan. Because of the hub runners,
resin flowability in the hub and the main plate is high, and
moldability is high. Since the hub runners are formed so
that the resin merging portion is not connected to at least
the motor cooling holes, breakage of the fan due to an
impact at the time of transportation or the like is prevent-
ed. Since the blade has a hollow structure, the weight of
the turbofan as a whole can be reduced. Because of al-
most uniform thickness, occurrence of poor molding
caused by variations in the cooling and hardening time
of the resin due to non-uniformblade thickness is sup-
pressed, so that moldability is high. In addition, since
each of the blade and the blade hollow has a tapered
shape at a molding draft angle, which is tilted at the pre-
determined angle from the main plate toward the shroud,
the mold can be easily released, breakage of the blade
due to adhesion of the blade to the mold can be prevent-
ed, and moldability is high. The noise can be suppressed,
which is generated in the narrow band at the time of ro-
tation, since the flow around the main plate is apart from
the blade frontrunner, collides with the corner of the blade
rear runner, so that pressure fluctuation occurs. A re-
attachment point of the air flow after departing from the
blade front runner to the rear side in the rotation direction
of the blade rear runner is moved to the rear side of the
blade opening so that the air current is smoothly re-at-
tached. Thus, noise can be reduced. Since the blade
front runner becomes thicker, the resin flows to the blade
more smoothly at the time of molding, and shrinkage can
be prevented. Moreover, the strength in the blade front
runner improves, so that the strength of the turbofan also
improves. As aresult, alightweight, strong, and low-noise
turbofan which can be prevented from being broken at
the time of rotation and transportation can be obtained.
[0140] The turbofan is formed so that the ratio At/F of
the difference At between the height of the blade front
runner 9ba and the height of the blade rear runner 9bb
with respect to the maximum opening diameter F of the
blade opening 3b lies in the range of 4% to 22%. At the
time of rotation, the noise can be suppressed, which is
generated in the narrow band since the flow around the

10

15

20

25

30

35

40

45

50

55

18

main plate is apart from the blade front runner, collides
with the corner of the blade rear runner so that pressure
fluctuation occurs. A re-attachment point of the air flow
after departing from the blade front runner to the rear
side in the rotation direction of the blade rear runner is
moved to the rear side of the blade opening, so that the
air current is smoothly re-attached on the rear side of the
blade rear opening, so that noise can be reduced. A peak
sound due to rotation speed, which is generated by sep-
arating the flow at the blade front runner with a too large
thickness, is suppressed, and deterioration in noise can
be prevented. Consequently, reduction in noise can be
achieved.

[0141] An air conditioner including: the turbofan 1 hav-
ing any one of the configurations described in the first
embodiment; and the heat exchanger disposed on the
suction side or the blowout side of the turbofan can be
thinned because of improvement in the moldability of the
turbofan 1 and, accordingly, the weight can be reduced.
In addition, the air conditioner has high reliability in
strength. Consequently, at the time of mounting after
transportation, the turbofan 1 is not found broken due to
an impact such as vibrations at the time of transportation,
so that the product reliability is high. The product weight
can be also reduced only by the reduced weight of the
turbofan 1.

[0142] The presentinvention also provides an air con-
ditioner recessed in a ceiling, having the following con-
figuration. Side plates and the top plate of the air condi-
tioner body are formed by plate members. The inside of
the air conditioner body including the side plates and at
least a part of the ceiling serves as an air path wall using
heat insulating material. A motor and the turbofan 1 hav-
ing at least one of the configurations described in the first
embodiment are mounted around the center of the air
conditioner body. A bell mouth constituting a suction port
of the turbofan and a suction port of the body is disposed
inthe center portion of the under face of the air conditioner
body. A heat exchanger is vertically arranged so as to
surround the turbofan. A drain pan made of foam is dis-
posed under the heat exchanger. A body’ s blowout port
is provided in a position around the body’s suction port
and almost along the side plate of the air conditioner
body. A decorative panel having a panel’ s suction port
and a panel's blowout port communicating with the
body’s suction port and the body’s blowout port, respec-
tively, is attached to the under face of the body. With the
configuration, the air conditioner can be thinned because
of improvement in the moldability of the turbofan 1 and,
accordingly, the weight can be reduced. In addition, the
air conditioner has high reliability in strength. Conse-
quently, at the time of mounting after transportation, the
turbofan 1 is not found broken due to an impact such as
vibrations at the time of transportation, so that the product
reliability is high. The product weight can be also reduced
only by the reduced weight of the turbofan 1.

[0143] The description also includes the following
numbered clauses:
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1. A turbofan comprising:

a disc-shaped main plate;

a projected hub formed by making a center por-
tion of the main plate project in a rotation axis
direction;

a plurality of blades each of which is vertically
provided in the projecting direction of the hub
using an outer-periphery-side flat part of the
main plate as a base;

a plurality of motor cooling holes which are
formed in the hub so as to cool a motor disposed
in a space having a projection shape surrounded
by the hub;

a plurality of hub runners which are provided ra-
dially in the hub and into which a thermoplastic
resin is made to flow at the time of molding, so
as to form the hub; and

resin merging portions each of which is formed
by merging thermoplastic resin flowing out from
the neighboring hub runners at the time of mold-
ing,

wherein the motor cooling holes are disposed
so as to avoid the resin merging portions.

2. The turbofan according to clause 1,

wherein each of the blades has a hollow shape hav-
ing an opening in the base, the turbofan includes
blade runners which are provided around the bases
of the blades so as to form the blades, and connec-
tion runners each of which connects one of the hub
runners to one of the blade runners positioned close
to the hub runner, and

the thermoplasticresin is injected from injection ports
formed in the hub runners, the connection runners,
or the blade runners and allowed to flow into all of
the runners, thereby performing molding.

3. A turbofan comprising:

a disc-shaped main plate;

a projected hub formed by making a center por-
tion of the main plate project in a rotation axis
direction;

a plurality of blades each of which is vertically
provided in the projecting direction of the hub
using an outer-periphery-side flat part of the
main plate as a base, and has a hollow shape
with an opening in the base;

a plurality of hub runners which are provided ra-
dially in the hub and to which a thermoplastic
resin flows at the time of molding, so as to form
the hub;

a plurality of blade runners which are provided
around the bases of the blades and to which
thermoplastic resin is allowed to flow at the time
of molding, so as to form the blades; and
connection runners each of which connects one
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of the hub runners to one of the blade runners
positioned close to the hub runner.

4. The turbofan according to clause 1, 2, or 3,
wherein the plurality of motor cooling holes formed
in the hub are disposed in parts on extension lines
of the hub runners to the rotation center side.

5. The turbofan according to clause 4,
wherein equal numbers of the motor cooling holes
and the hub runners are provided.

6. The turbofan according to any one of clauses 1 to
5,

wherein the hub runners are projected from the face
of the main plate of the hub to the motor disposing
side.

7. The turbofan according to any one of clauses 2,
4 to 6,

wherein a plurality of sets each made of the blade,
the blade runner, the hub runner, the connection run-
ner, and the motor cooling hole are provided radially
around the rotation axis as a center.

8. The turbofan according to clause 7,
wherein at least one of angles each formed between
neighboring sets is different from the other angles.

9. The turbofan according to any one of clauses 1,
2, 4 to 8, further comprising runners for the cooling
holes respectively connected to the hub runners and
formed so as to surround the motor cooling holes.

10. The turbofan according to any one of clauses 2
to 9,

wherein when at least either of thickness of the hub
runners or thickness of the blade runners is set as
"t" and the minimum thickness of a portion other than
the runners in the main plate is set as t0, the ratio
t/t0 is set in the range of 1.1 < ¥/t0 < 2.

11. A turbofan comprising:

a disc-shaped main plate;

a projected hub formed by making a center por-
tion of the main plate project in a rotation axis
direction;

a plurality of blades each of which is vertically
provided in the projecting direction of the hub
using an outer-periphery-side flat part of the
main plate as a base, and has a hollow shape
with an opening in the base; and

blade runners each of which is provided around
the opening so as to project from the main plate
inthe direction opposite to the vertically provided
direction of the blade,

wherein projection height of the blade runner po-
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sitioned in the front part in the rotation direction
of the periphery of the opening is larger than
projection height of the blade runner positioned
in the rear part in the rotation direction of the
periphery of the opening.

12. The turbofan according to clause 11,

wherein when the diameter of an inscribing circle of
the opening on the face of the main plate is set as
maximum opening width F, and the difference be-
tween the projection height of the blade runner po-
sitioned in the front part in the rotation direction of
the periphery of the opening and the projection
height of the blade runner positioned in the rear part
in the rotation direction of the periphery of the open-
ing is set as At, At/F is set in a range of 0.04 < At/F
<0.22.

13. A turbofan comprising:

a disc-shaped main plate;

a projected hub formed by making a center por-
tion of the main plate project in a rotation axis
direction; and

a plurality of blades each of which is vertically
provided so as to stand in the projecting direction
of the hub using an outer-periphery-side flat part
of the main plate as a base, and has a hollow
shape with an opening in the base,

wherein standing faces on the outside of the
blade having the hollow shape and the inside of
the hollow tilt to the inside of the hollow, and the
outside of the blade and the hollow inside are
tapered from the base.

14. The turbofan according to clause 13, wherein the
thickness of the blade is almost uniform.

15. The turbofan according to clause 13 or 14,
wherein the standing faces on the outside of the
blade having the hollow shape and the inside of the
hollow are tilted to the inside of the hollow at prede-
termined tilt angles 6 with respect to the rotation axis,
and each of the predetermined tilt angles 6 lies in
the range of 1° <0 < 3°.

16. An air conditioner comprising:

the turbofan according to any one of clauses 1
to 15; and

a heat exchanger,

wherein air sucked from a suction port by the
turbofan is heat-exchanged with a refrigerant in
the heat exchanger, and the resultant air is al-
lowed to blow out from a blowout port.
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Claims

1.

A turbofan (1) comprising:

a disc-shaped main plate (2);

a projected hub (2a) formed by making a center
portion of the main plate (2) project in a rotation
axis direction; and

aplurality of blades (3) each of which is vertically
provided so as to stand in the projecting direction
of the hub (2a) using an outer-periphery-side flat
part of the main plate (2) as a base, and has a
hollow shape with an opening in the base, char-
acterized in that:

outside standing faces (3a, 3c, 3f, 3g) on
the outside of the blade (3) andinside stand-
ing faces (3dc, 3dd, 3da, 3db) on the inside
of the hollow of the blade (3) tilt towards the
inside of the hollow from the base to the
projecting direction, and the outside of the
blade (3) and the hollow inside of the blade
(3) are tapered from the base toward the
projecting direction.

The turbofan (1) according to claim 1, wherein the
thickness of the blade (3) is uniform.

The turbofan (1) according to claim 1 or 2,

wherein the standing faces on the outside of the
blade (3) having the hollow shape and the inside of
the hollow are tilted to the inside of the hollow at
predetermined tilt angles with respect to the rotation
axis, and each of the predetermined tilt angles 6 lies
in the range of 1° <6 < 3°.

An air conditioner comprising:

the turbofan (1) according to any one of claims
1 to 3; and

a heat exchanger (15);

wherein air sucked from a suction port by the
turbofan (1) is heat-exchanged with a refrigerant
in the heat exchanger (15), and the resultant air
is allowed to blow out from a blowout port.
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