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(57) Abrégée/Abstract:

A contra-rotating axial blower having enhanced effect of cooling a stator. One or more through-holes (83) extending in the axial
direction through support frame bodies (21, 75) are formed In the support frame bodies (21, 75). One or more airflow holes (57a)
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(57) Abrege(suite)/Abstract(continued):
for iIntroducing air, sucked from a suction opening (19), into a cup-like member (51) are formed in a bottom wall part (57) of the cup-

ike member (51) of a first impeller (9). One or more airflow holes (111a) for discharging air, introduced into the internal space of a
second motor (61), to the outside are formed in the bottom wall part (111) of the cup-like member (105) of a second impeller (63).
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A BSTRACT

A counter-rotating axial-flow fan is provided that 1is
capable of increasing effect of cooling a stator. One or more
through-holes 83 penetrating support frame bodies (21, 75) in
the axial direction are formed in support frame bodies 21 and
75. One or more vent holes 57a for introducing air, sucked from
a suction port 19, into a cup-like member 51 are formed in a bottom
wall portion 57 of a cup~-like member 51 of a first impeller 9.
One or more vent holes llla for discharging air, introduced into
an internal space of a second motor 61, to the outside are formed
in a bottom wall portion 111 of a cup-like member 105 of a second

impeller 63.
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DESCRIUPTION

COUNTER-ROTATING AXIAL-FLOW FAN

Technical Field

[0001] The present invention relates to a counter-rotating

axial-flow fan used to cool an interior of an electric appliance.

Background Art

[0002] Japanese Patent Publication No. 2004-278371
(JP2004-278371A) (Patent Document 1) discloses, in FIGS. 1 to
4, a counter-rotating axial-flow fan 1including a housing
constituted by a housing body having an air channel therein,
which has a suction port portion on one end thereof and a discharge
port on the other end in an axial direction and a motor support
frame arranged in a center portion of the air channel. 1In this
counter-rotating axial-flow fan, a first impeller rotated by a
first motor is arranged in a first space between the motor support
frame in the housing and suction port. Further, a second
impeller rotated by a second motor is arranged in a second space
between the motor support frame in the housing and discharge port.
The first and second impellers are rotated in mutually opposite
directions. The first and second motors each have a rotary shaft,
a stator, and a rotor rotating around the stator. The first and
second motors are arranged respectively in the first and second
spaces such that the axial lines of the rotary shafts thereof

extend along a virtual center line connecting the center of the
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suction port and the center of the discharge port. The stator

of the first motor and stator of the second motor are fixed to
the support frame body. A problem with a motor of this kind
1s to suppress an increase in the temperature of the inside of
the motor. Japanese Utility Model Publication No. 58-159889
(JPU 58-159889A) (Patent Document 2) and Japanese Patent
Publication No. 10-210727 (JP 10-210727A) (Patent Document 3)
disclose a technique by which to cool a stator of a single motor
by using air introduced through a vent hole formed in a rotor
of the motor. Further, Japanese Patent Publication No.
2000-356200 (JP2000-356200A) (Patent Document 4) discloses a
technique by which to circulate air introduced into an interior
of a motor through a vent hole formed in a casing of the motor
by means of rotations of an impeller of the motor in a single

axijial-flow fan.

Disclosure of the Invention

Problems to be Solved by the Invention

[0003] However, there  has been a problem with the
counter-rotating axial-flow fan as described below. When the
size of the impeller is increased and, correspondingly, motor
current 1s increased, even if the vent hole is formed in the rotor
or the like, heat generated from a stator of the motor is

accumulated in the internal space of the eachmotor. As aresult,
the temperature of the inside of the motor exceeds an allowable
point, which prevents full use of motor capability.

[0004] Accordingly, an object of the present invention is to
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provide a counter-rotating axial-flow fan capable of decreasing

the temperature of the inside of the motor so as to make the most

of its capability.

Means for Solving the Problems

[0005] A counter-rotating axjal-flow fan according to the
present invention includes a housing, a first impeller, a first
motor, a second impeller, and a second motor. The housing
includes a housing body having an air channel formed therein and
a motor support frame provided in a center portion of the air
channel. The alr channel has a suction port on one end and a
discharge port on the other end in an axial direction. The first
impeller is arranged within a first space defined between the
motor support frame and the suction port in the housing and has
a plurality of blades. The first motor rotates the first
impeller within the first space in a first rotating direction.
The second impeller is arranged within a second space defined
between the motor support frame and the discharge port in the
housing and has a plurality of blades. The second motor rotates
the second impeller within the second space in a second rotating
direction which is opposite to the first rotatingdirection. The
first and second motors each have a rotary shaft and a rotor
rotating around the stator. The motor support frame includes
a support frame body positioned in the center portion of the air
channel and a plurality of webs arranged between the support

frame body and the housing body at predetermined intervals in

a circumferential direction of the rotary shafts so as to connect
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the support frame body and housing body. The first and second
motors are arranged within the first and second spaces
respectively such that axial lines of the rotary shafts extend
along a virtual center line connecting the center of the suction
port and the center of the discharge port. The stator of the
first motor and the stator of the second motor are fixed onto
the support frame body. In the present invention, the first
impeller and the rotor of the first motor are configured to
introduce air sucked through the suction port into an internal
space of the first motor. One or more through-holes which
penetrate the support frame body in an extending direction of
the axial line are formed in the support frame body. Positions
and a total cross sectional area of the one or more through-holes
are defined to introduce or guide the air, which has been
introduced into the internal space of the first motor, into the
internal space of the second motor so as to directly cool the
stator of the first motor and the stator of the second motor.
[0006] In the counter-rotating axial-flow fan according to
the present invention, when the first impeller rotates in the
first rotating direction and the second impeller rotates in the
second rotating direction opposite to the first rotating
direction, air sucked through the suction port is introduced into
the internal space of the first motor. Then, part of the air
introduced into the internal space of the first motor passes
through the one or more through-holes penetrating the support
frame body and then introduced into the internal space of the

second motor. The stator of the first motor and the stator of
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the second motor can directly be cooled by the air flow as
described above. This 1ncreases effect of cooling the stator,
whereby the temperature of the inside of the motor can be
decreased. In particular, 1f 1t 1is possible to decrease the
temperature of the inside of the first motor that is likely to
rise, a counter-~rotating axial-flow fan can be obtained that is
capable of making the most of the capability of the first and
second motors.

[0007] The second impeller and the rotor of the second motor
are preferably configured to discharge the air, which has been
introduced in the internal space of the second motor, to the
outside. With this configuration, the air that has been
introduced into the internal space of the second motor is
efficiently discharged to the outside, thereby further
increasing effect of cooling the stator of the second motor.
[0008] The one or more through-holes are preferably arranged
at equal intervals in the circumferential direction of the rotary
shaft. With this configuration, a bias does not occur in the
alr flow to be introduced through the one or more through-holes
into the internal space of the second motor, thereby effectively
cooling the entire stator.

[0009] The housing may be constituted by first and second
housing units coupled by a coupling structure. In this
configuration, the first housing unit includes a first
housing-body half-portion having the suction port on one end
thereof and the first space therein, and a first support-frame

half-portion which is one of two parts obtained by dividing the
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motor support frame at the dividing plane to which the virtual
center line is a normal 1ine. The second housing unit includes
a second housing-body half-portion having the discharge port on
one end thereof and the second space therein, and a second
support-frame half-portion which 1s the other one of the two
parts obtained by dividing the motor support frame at the
dividing plane to which the virtual center line is a normal line.
One or more through-hole half-portions are formed in the first
and second support-frame half-portions. The through-hole
half-portions are aligned together to form the one or more
through-holes with the first and second housing units being
coupled by the coupling structure. With this configuration, it
1s possible to obtain a desired counter-rotating axial-flow fan
by selecting different types of motors and impellers to be
arranged i1n the housing according to the usage and purpose and
combining the first housing unit of one axial-flow fan thus
selected and the second housing unit of the other axial-flow fan
thus selected.

[0010] The first impeller may include a cup-like member having
a peripheral wall portion onto which the plurality of blades are
fixed and a bottom wall portion which is integrally formed with
one end of the peripheral wall portion and to which one end of
the rotary shaft is connected. 1In this configuration, the rotor
is constituted by an annular member fixed inside the peripheral
wall portion of the cup-like member and a plurality of permanent
magnets fixed onto an inner peripheral surface of the annular

member. Further, one or more vent holes may be formed in the



CA 02668092 2009-04-29

bottom wall portion of the cup-like member of the first impeller,
through which the air that has been introduced through the
suction port is introduced into the inside of the cup-like member.
With this configuration, the first impeller and the rotor of the
first motor can readily be configured to introduce the air sucked
through the suction port into an internal space of the first
motor.

[0011] The stators of the first and second motors may each have
a stator core, exciting windings attached to the stator core,
and a circuit board on which an exciting current supply circuit
for flowing exciting current to the exciting windings is mounted.
The circuit boards of the first and second motors may each be
arranged to extend along the support frame body, being disposed
apart from the support frame body by a predetermined distance.
In this configuration, one or more board through-holes are
preferably formed in the circuit boards, through which the air
to be directed to the one or more through-holes or air that has
passed through the one or more through-holes passes. With this
configuration, the air flowing in the internal spaces of the

first and second motors passes through the one or more

through-holes, thereby preventing the air flow from being
interrupted by the circuit board.

[0012] The first support-frame half-portion may have a first
support-frame-body half-portion constituting the half portion
of the support frame body, and the second support-frame
half-portion may have a second support-frame-body half-portion

constituting the remaining half portion of the support frame body.
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A first bearing holder into which a bearing for supporting the
rotary shaft of the first motor is fitted may be £fixed to an center
portion of the first support-frame-body half-potion, and a
second bearing holder into which a bearing for supporting the
rotary shaft of the second motor is fitted may be fixed to an
center portion of the second support-frame-body half-potion.
In this configuration, the first and second bearing holders are
preferably contact each other thermo-conductively or in a heat
conductive state with the first and second housing units being
coupled. Generally, in the counter-rotating axial-flow fan,
the temperature of the stator of the first motor is more likely
to rise than that of the stator of the second motor. Therefore,
by bringing the first bearing holder and the second bearing
holder into contact with each other in a heat conductive state,
1t is possible to allow heat generated in the stator of the first
motor to escape to the second motor side through the first and
second bearing holders, thereby preventing the stator of the
first motor from being heated.

[0013] In this configuration, the first and second bearing
holders are preferably made of metal. With this, heat
conductivity between the first and second bearing holders is
increased, thereby easily allowing the heat generated in the

stator of the first motor to escape to the second motor side.

Brief Description of the Drawings

[0014]

FIG. 1 1s a vertical cross-sectional view showing a half
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portion of a counter-rotating axial-flow fan according to an
embodiment of the present invention.

FIG. 2 1s a perspective view showing a first housing unit
used in the counter-rotating axial-flow fan of FIG. 1.

FIG. 3 1s a perspective view showing a first impeller used
in the counter-rotating axial-flow fan of FIG. 1.

FI1IG. 4 1s a perspective view showing a second housing unit
used in the counter-rotating axial-flow fan of FIG. 1.

FI1IG. 5 1s a perspective view of a housing formed by
combining the first and second housing units used in the
counter-rotating axial-flow fan of FIG. 1.

F1G. 6 1s a perspective view showing a second impeller used

in the counter-rotating axial-flow fan of FIG. 1.

Best Mode for Carrying Out the Invention

[0015] An embodiment of the present invention will be described
in detail belowwith reference to the accompanying drawings. FIG.
1 is a vertical cross-sectional view showing a half portion of
a counter-rotating axial-flow fan according to an embodiment of
the present invention. As shown in FIG. 1, the counter-rotating
axial-flow fan according to the present invention is configured
by combining a first single axial-flow fan 1 and a second single
axial-flow fan 3 though a coupling structure. The first single
axial-flow fan 1 includes a first housing unit 5, a first motor
7 arranged in the first housing unit 5, and a first impeller 9.
[0016] As shown in FIG. 2, the first housing unit 5, which is

made of a synthetic resin or aluminum, integrally includes a
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first housing-body half-portion 11 and a first support-frame
half-portion 13. The first housing-body half-portion 11
includes a cylinder portion 15, a suction-side flange 17, four
first reinforcing ribs 18, and eight fitting projections 20. The
cylinder portion 15 is of a cylindrical shape to form an air
channel therein. The suction-side flange 17 is provided on one
end of the air channel. The suction-side flange 17 has a square
profile and has a suction port 19 therein. At the four corners
of the suction-side flange 17, through-holes 17a through which
fixtures for mounting the counter-rotating axial-flow fan to an
electric appliance are inserted are formed. The four first
reinforcing ribs 18 are arranged on the cylinder portion 15 at
equal intervals in a circumferential direction of a rotary shaft
31 of the first motor 7, described later, such that distal ends
thereof extend in the axial direction from the end of the cylinder
portion 15 so as to project toward the second single axial-flow
fan 3. The eight fitting projections 20 are formed on the
cylinder portion 15, extending in the circumferential direction
of the rotary shaft 31 and disposed on both sides of each of the
four first reinforcing ribs 18. Half-portions 20a of the eight
fitting projections 20 extending in the axial direction project
from the end of the cylinder portion 15 toward the second single
axial-flow fan 3.

[0017] The first support-frame half-portion 13 includes a first
support-frame-body half-portion 21 and eight first web
half-portions 23A to 23H arranged between the first

support-frame-body half-portion 21 and first housing-body

- 10 -
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half-portion 11. One web 23A o0of the eight first web
half-portions 23A to 23H has a groove-shaped concave portion 23a
opened toward the second single axial-flow fan 3.

[0018] The first support-frame-body half-portion 21 is of a
circular plate in shape having an opening portion 2la in the
center thereof. A first metal bearing holder 27 made of brass
is fixedly fitted into the opening portion 21a (see FIG. 1). In
the first support-frame-body half-portion 21, four first
through-hole half-portions 29A to 29D that pass through the first
support-frame-body half-portion 21 in the axial direction of
first motor 7 are formed. The four first through-hole
half-portions 29A to 29D are formed at equal intervals in the
circumferential direction of the rotary shaft 31. One
through-hole half-portion 29A of the four first through-hole
half-portions 29A to 29D communicates with an internal space of
the concave portion 23a of the web 23A. For example, the first
through-hole half-portion 29B has two sides 29a and 29b opposed
to each other in the radial direction of the rotary shaft 31 of
the first motor 7 and two sides 29c and 29d opposed to each other
in the circumferential direction of the rotary shaft 31. The
sides 29a and 29b each have an arc shape, and the sides 29c¢c and
29d each extend in the radial direction of the rotary shaft 31
of the first motor 7. The remaining two first through-hole
half-portions 29C and 29D have the same configuration as that
of the first through-hole half-portion 29B. How the four
through-hole half-portions 29A to 29D work will be described in

detalil later.

-17 -
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[0019] Referring back to FIG. 1, the first motor 7 includes the
rotary shaft 31, a stator 33, and a rotor 35. The rotary shaft
31 1s rotatably supported onto the first bearing holder 27 by
two bearings 34 fitted into the first bearing holder 27.

[0020] The stator 33 includes a stator core 37, exciting windings
39, and a circuit board 41. The stator core 37 is formed by
lamination of a plurality of steel plates and is fixed to the
first bearing holder 27. The stator core 37 includes a plurality
of projecting pole portions 37a arranged in the circumferential
direction of the rotary shaft 31. The exciting windings 39 are
attached to the projecting pole portions 37a through insulators
43. The circuit board 41 is arranged along the first
support-frame-body half-portion 21, being disposed apart from
the first support-frame-body half-portion 21 by a predetermined
distance. An exciting current supply circuit for flowing
exciting current to the exciting windings 39 is mounted on the
circuit board 41. In this embodiment, the exciting current
supply circuit on the circuit board 41 and the exciting windings
39 are electrically connected by winding lead wires of the
exciting windings 39 around a terminal pin 45 that passes through
a through-hole of the circuit board 41 and is soldered to an
electrode on the circuit board 41. A plurality of board
through-holes 41a are formed in the circuit board 41. The board
through-holes 4la are formed in the circumferential direction
of the rotary shaft 31 at equal intervals. Air that has flown
from around the stator 33 toward the four first through-hole

half-portions 29A to 29D of the first support-frame-body

- 12 -
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half-portion 21 passes through the board through-holes 41la.

[0021] The rotor 35 includes an annular member 47 and a plurality
of permanent magnets 49 fixed onto an inner peripheral surface
of the annular member 47. The annular member 47 is fixed inside
a peripheral wall portion 55 of a cup-1like member 51 of the first
impeller 9, described later.

[0022] With the above configuration, the first motor 7 is
arranged within a first space S1 defined between the first
support~-frame half-potion 13 and suction port 19 such that an
axial line of the rotary shaft 31 extends along a virtual cenfer
line L connecting the center of the suction port 19 and center
of a discharge port 74 to be described later.

[0023] As shown in FIG. 3, the first impeller 9 includes the
cup-like member 51 and nine blades 53. The cup-like member 51
includes the peripheral wall portion 55 onto which the nine
blades 53 are fixed and a bottomwall portion 57 integrally formed
with one end of the peripheral wall portion 55. One end of the
rotary shaft 31 of the first motor 7 is connected to the bottom
wall portion 57. Nine vent holes 57a are formed in the bottom
wall portion 57 and are disposed in the circumferential direction
of the rotary shaft 31 at equal intervals. Each vent hole 57a
has an elongated shape that extends in the radial direction of
the rotary shaft 31 of the first motor 7. The nine vent holes
>7a serve to introduce air sucked through the suction port 19

into an internal space of the first motor 7.
[0024] As described above, the annular member 47 of the rotor

35 1s fixed inside the peripheral wall portion 55 of the cup-like

- 13 -



CA 02668092 2009-04-29

member 51 of the first impeller 9. Thus, the first impeller 9
1s rotated by the first motor 7 in a first rotating direction
R1 (counterclockwise direction in FIG. 3) within the first space
S1.
[0025] The second single axial-flow fan 3 includes a second
housing unit 59, a second motor 61 arranged in the second housing
unit 59, and a second impeller 63.

As shown in FIG. 4, the second housing unit 59, which is
made of a synthetic resin or aluminum, integrally includes a
second housing-body half-portion 65 and a second support-frame
half-portion 67. The second housing-body half-portion 65
includes a cylinder portion 69, a discharge-side flange 71, and
four reinforcing ribs 73. The cylinder portion 69 is of a
cylindrical shape to form an air channel therein. The
discharge-side flange 71 is provided on one end of the air channel.
The discharge-side flange 71 has a square profile and has a
discharge port 74 therein. At the four corners of the
discharge-side flange 71, through-holes 7l1la through which
fixtures for mounting the counter-rotating axial-flow fan to an
electric appliance are inserted are formed. The four second
reinforcing ribs 73 are arranged on the cylinder portion 69 at
equal intervals in the circumferential direction of a rotary
shaft 85 of the second motor 61, described later, and each have
a hollow portion 73a therein extending in the axial direction.
In the counter-rotating axial-flow fan of the present embodiment,

the first housing unit 5 and second housing unit 59 are coupled

to constitute a housing in the following manner as shown in FIG.

- 14 -
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5. The distal ends of the four first reinforcing ribs 18 of the
first housing-body half-portion 11 are fitted into the hollow
portions 73a of the four second reinforcing ribs 73, respectively.
Then, an outer periphery of the cylinder portion 69 is fitted
into the half-portions 20a of the eight fitting projections 20
of the first housing-body half-portion ll (see FIG. 1). Finally,
the counter-rotating axial-flow fan 1is fitted to an electric
appliance with the first housing unit 5 and second housing unit
59 being coupled by fixtures, not shown, such as /bolts that pass
through the through-holes 71la of the discharge-side flange 71
and through-holes 17a of the suction-side flange 17.

[0026] Referring back to FIG. 4, the second support-frame
half-portion 67 includes a second support-frame-body
half-portion 75 and eight second web half-portions 77A to 77H
arranged between the second support-frame-body half-portion 75
and the second housing-body half-portion 65. One web 77A of the
eilght second web half-portions 77A to 77H has a groove-shaped
concave portion 77a opened toward the first single axial-flow
fan 1. The eight second web half-portions 77A to 77H are joined
to the eight first web half-portions 23A to 23H, respectively
to constitute eight webs (reference numeral 25 of FIG. 1) formed
by stationary blades each having a streamlined cross-section.
Further, a power supply wiring, not shown, is arranged in an
inner portion surrounded by the concave portion 77a of the second
web half-portion 77A and concave portion 23a of the first web
half-portion 23A, and the power supply wiring will be connected

to the exciting wirings of the first motor 7 and second motor

-15 -
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61 is arranged.

[0027] The second support-frame-body half-portion 75 is of a
circular plate in shape having an opening portion 75a in the
center thereof. A second metal bearing holder 79 made of brass
is fixedly fitted into the opening portion 75a (see FIG. 1). The
second bearing holder 79 and first bearing holder 27 contact each
other thermo-conductively or in a heat conductive manner with
the first housing unit 5 and the second housing unit 59 being
coupled. In the second support-frame-body half-portion 75,
four second through-hole half-portions 81lA to 81D that pass
through the second support-frame-body half-portion 75 in the
axial direction of first motor 61 are formed. The four second
through-hole half-portions 8lA to 81D have the same shapes as
those of the four first through-hole half-portions 29A to 29D.
The four second through-hole half-portions 81A to 81D and four
first through-hole half-portions 29A to 29D constitute four
through-holes 83 with the first housing unit 5 and the second
housing unit 59 being coupled (FIG. 1).

[0028] In the present embodiment, the second housing-body
half-portion 65 and first housing-body half-portion 11 contact
each other to constitute the housing body with the first housing
unit 5 and the second housing unit 59 being coupled. Further,
the second support-frame half-portion 67 and first support-frame
half-portion 13 contact each other to constitute a motor support

frame with the first housing unit 5 and the second housing unit

59 beling coupled. In other words, the motor support frame is

divided into two parts at the dividing plane to which a virtual

- 16 -
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center line L 1s a normal line, whereby the first support-frame
half-portion 13 and second support-frame half-portion 67 are
obtained.

[0029] The second motor 61 includes a rotary shaft 85, a stator
87, and a rotor 89. The rotary shaft 85 is rotatably supported
onto the second bearing holder 79 by two bearings 91 fitted into
the second bearing holder 79.

[0030] The stator 87 includes a stator core 93, exciting windings
95, and a circuit board 97. The stator core 93 is formed by
lamination of a plurality of steel plates and is fixed to the
second bearing holder 79. The stator core 93 includes a
plurality of projecting pole portions 93a arranged in an
circumferential direction of the rotary shaft 85. The exciting
windings 95 are attached to the projecting pole portions 93a
through insulators 99. The circuit board 97 is arranged along
the second support-frame-body half-portion 75, being disposed
apart from the second support-frame-body half-portion 75 by a
predetermined distance. An exciting current supply circuit for
flowing exciting current to the exciting windings 95 is mounted
on the circuit board 97. In this embodiment, the excliting
current supply circuit on the circuit board 97 and the exciting
windings 95 are electrically connected by winding lead wires of
the exciting windings 95 around a terminal pin 101 that passes
through a through-hole of the circuit board 97 and is soldered
to an electrode on the circuit board 97. In the circuit board

97, aplurality of board through-holes 97a are formed. The board

through-holes 97a are formed in the circumferential direction

-17 -
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of the rotary shaft 85 at equal intervals. Air that has flown

through the four second through-hole half-portions 81A to 81D
toward the stator 87 passes through the board through-holes 97a.
[0031] The rotor 89 includes an annular member 103 and a
plurality of permanent magnets 104 fixed onto an inner peripheral
surface of the annular member 103. The annular member 103 is
fixed inside a peripheral wall portion 109 of a cup-like member
105 of the second impeller 36, described later.

[0032] With the above configuration, the second motor 61 is
arranged within a second space S2 defined between the second
support-frame half-potion 67 and discharge port 74 such that an
axlal line of the rotary shaft 85 extends along a virtual center
line L connecting the center of the suction port 19 and the center
of the discharge port 74.

[0033] As shown in FIG. 6, the second impeller 63 includes the
cup-like member 105 and seven blades 107. The cup-like member
105 includes the peripheral wall portion 109 onto which the seven
blades 107 are fixed and a bottom wall portion 111 integrally
formed with one end of the peripheral wall portion 109. One end
of the rotary shaft 85 is connected to the bottom wall portion
111. Twelve vent holes 11la are formed in the bottomwall portion
111 at positions apart from the rotary shaft 85 and arranged in
the circumferential direction of the rotary shaft 85 at equal
intervals. Each vent hole 1llla has an elongated shape that
extends in the circumferential direction of the rotary shaft 85.
The twelve vent holes 11lla serve to discharge air that has been

introduced into an internal space of the second motor 61.
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[0034] As described above, the annular member 103 of the rotor
89 is fixed inside the peripheral wall portion 109 of the cup-like
member 105 of the second impeller 63. Thus, the second impeller
63 is rotated by the second motor 61 in a second rotatingdirection
R2 (clockwise direction in FIG. 6) which is opposite to the first
rotating direction within the second space S2.

[0035]In the counter-rotating axial-flow fan in this embodiment,
shown by the arrow in FIG. 1, when the first impeller 9 rotates
in the first rotating direction and the second impeller 63
rotates in the second rotating direction opposite to the first
rotating direction, air sucked through the suction opening 19
is introduced through the nine vent holes 57a of the first
impeller 9 into the internal space of the first motor 7. Then,
part of the air introduced into the internal space of the first
motor 7 sequentially passes outside the circuit board 41 or
through plurality of board through-holes 4la and four
through-holes 83 formed in the first housing unit 5 and second
housing unit 59, and then introduced into the internal space of
the second motor 61. The air that has been introduced into the
internal space of the second motor 61 passes outside the circuit
board 97 or through plurality of board through-holes 97a and then
discharged to the outside through the twelve vent holes 11la of
the second impeller 63. As described above, positions and a
total cross sectional area of the four through-holes 83 are
defined to guide the air that has been introduced into the
internal space of the first motor 7 into the internal space of

the second motor 61 so as to directly cool the stator 33 of the
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first motor 7 and stator 87 of the second motor 61. According
to the counter-rotating axial-flow fan of this embodiment, the
stator 33 of the first motor 7 and the stator 87 of the second
motor 61 can directly be cooled by the air flow as described above.
This increases effect of cooling the stator, whereby the
temperature of the inside of the motor can be decreased.

[0036] A counter-rotating axial-flow fan according to the
present embodiment and a counter-rotating axial-flow fan
according to a comparative example were prepared for the testing
purpose. The counter-rotating axial-flow fan according to a
comparative example has the same configuration as that of the
counter-rotating axial-flow fan according to the present
embodiment except that the through-holes are not formed in the
first and second housing units. More specifically, the first
impellers 9 of both the counter-rotating axial-flow fans were
rotated at 6000 rpm and second impellers 63 of the same were
rotated 2500 rpm for 60 minutes, and increases in temperature
of components (exciting wirings 39, transistor TR and zener diode
ZD on the circuit board 41 which are provided in the first single
axial-flow fan 1 and exciting wirings 95, transistor TR and zener
diode ZD on the circuit board 97 which are provided in the second
single axial-flow fan 3) of the respective counter-rotating
axial-flow fans were measured. Table 1 shows results of the

measurement.

[ Table 1]
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Present Embodiment | Comparative example

(C°) (C”)

b b AP eyl Al

First single | Windings 14.1 15.9
axial-flow fan — : — . —

TR 16.1 21.2

' 4D | 15.9 20.3 |
Second single windings 11.0 11.2
axial-flow fan | ] i

TR 17.7 24.0

ZD 18.2 21.4

[0037] As can be seen from Table 1, the counter-rotating
axial-flow fan according to the present embodiment can suppress
an increase in the temperature of all the components listed above
as compared with the comparative example.

[0038] Although the housing is constituted by the first and
second housing units coupled to each other through a coupling
structure in the above embodiment, the housing may be formed by

integral molding.

Industrial Applicability

[0039] In the counter-rotating axial-flow fan in this embodiment,
when the first impeller rotates in the first rotating direction

and the second impeller rotates in the second rotating direction

opposite to the first rotating direction, air sucked through the

suction port is i1ntroduced into the internal space of the first

motor. Then, part of the air introduced into the internal space

of the first motor is introduced to the internal space of the

second motor through one or more through-holes penetrating the
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support frame body. The stator of the first motor and the stator
of the second motor can directly be cooled by the air flow as
described above. In particular, if the temperature of the inside
of the first motor which is likely to rise can be lowered, a
counter-rotating axial-flow fan capable of making the most of

the capabilility of the first and second motors can be obtained.
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CLAIMS

1. A counter-rotating axial-flow fan comprising:

a housing including a housing body having an air channel formed therein and a
motor support frame provided in a center portion of the air channel, the air channel
having a suction portion on one end and a discharge port on the other end in an axial
direction;

a first impeller arranged within a first space defined between the motor support
frame and the suction port in the housing and including a plurality of blades;

a first motor that rotates the first impeller within the first space in a first rotating
direction;

a second impeller arranged within a second space defined between the motor
support frame and the discharge port in the housing and including a plurality of blades;
and

a second motor that rotates the second impeller within the second space in a
second rotating direction which is opposite to the first rotating direction,

the first and second motors each having a rotary shaft, a stator, and a rotor
rotating around the stator,

the motor support frame including a support frame body positioned in the center
portion of the air channel and a plurality of webs arranged between the support frame
body and the housing body at predetermined intervals in a circumferential direction of
the rotary shafts so as to connect the support frame body and the housing body,

the first and second motors being respectively arranged within the first and
second spaces such that axial lines of the rotary shafts extend along a virtual center
line connecting the center of the suction port and the center of the discharge port, the
stator of the first motor and stator of the second motor being fixed onto the support
frame body, wherein

the first impeller and the rotor of the first motor are configured to introduce air
sucked from the suction port into an internal space of the first motor;

one or more through-holes which penetrate the support frame body in an
extending direction of the axial line are formed in the support frame body; and

23



CA 02668092 2014-05-05

positions and a total cross sectional area of the one or more through-holes are
defined to introduce the air, which has been introduced into the internal space of the

first motor, into an internal space of the second motor so as to directly cool the stator

of the first motor and the stator of the second motor.

2. The counter-rotating axial-flow fan according to claim 1, wherein the second
impeller and the rotor of the second motor are configured to discharge the air, which
has been introduced into the internal space of the second motor, to the outside.

3. The counter-rotating axial-flow fan according to claim 1, wherein the one or more
through-holes are arranged at equal intervals in the circumferential direction of the

rotary shafts.

4. The counter-rotating axial-flow fan according to claim 1, wherein

the housing is constituted by first and second housing units that are coupled by a
coupling structure,

the first housing unit includes a first housing-body half-portion having the suction
port on one end thereof and the first space therein, and a first support-frame half-
portion which is one of two parts obtained by dividing the motor support frame at a
dividing plane to which the virtual center line is normal,;

the second housing unit includes a second housing-body half-portion having the

discharge port on one end thereof and the second space therein, and a second
support-frame half-portion which is the other one of the two parts obtained by dividing

the motor support frame at the dividing plane to which the virtual center line is normal;

and
one or more through-hole half-portions are formed in the first and second

support-frame half-portions, the through-hole half-portions being aligned together to
form the one or more through-holes with the first and second housing units being

coupled by the coupling structure.
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5. The counter-rotating axial-flow fan according to any one of claims 1, 2, 3, and 4,
wherein

the first impeller includes a cup-like member having a peripheral wall portion onto
which the plurality of blades are fixed and a bottom wall portion which is integrally
formed with one end of the peripheral wall portion and to which one end of the rotary
shaft Is fixed;

the rotor includes an annular member disposed inside the peripheral wall portion
of the cup-like member and a plurality of permanent magnets fixed onto an inner
peripheral surface of the annular member, and

one or more vent holes are formed in the bottom wall portion of the cup-like
member of the first impeller, through which the air that has been introduced through

the suction port is introduced into an inside of the cup-like member.

6. The counter-rotating axial-flow fan according to any one of claims 1, 2, 3, and 4,
wherein

the stators of the first and second motors each include a stator core, exciting
windings attached to the stator core, and a circuit board on which an exciting current
supply circuit is mounted for flowing exciting current to the exciting windings;

the circuit boards of the first and second motors are each arranged along the
support frame body, being disposed apart from the support frame body by a

predetermined distance; and

one or more board through-holes are formed in the circuit boards, through which
the air that is directed to the one or more through-holes or air that has passed through

the one or more through-holes passes.

/. The counter-rotating axial-flow fan according to claim 4, wherein

the first support-frame half-portion has a first support-frame-body half-portion
constituting a half portion of the support frame body;

the second support-frame half-portion has a second support-frame-body half-

portion constituting the remaining half portion of the support frame body;

25
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a first bearing holder, into which a bearing for supporting the rotary shaft of the
first motor is fitted, is fixed to a center portion of the first support-frame-body half-
potion;

a second bearing holder, into which a bearing for supporting the rotary shaft of
the second motor is fitted, is fixed to a center portion of the second support-frame-
body half-potion; and

the first and second bearing holders thermo-conductively contact each other with
the first and second housing units being coupled.

8. The counter-rotating axial-flow fan according to claim 7, wherein

the first and second bearing holders are made of metal.

26
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