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(54) Axial-flow fan

(67)  An axial-flow fan 100 includes an impeller 10
mounted on a rotating shaft 21 of a rotary drive device
20 and a venture casing 30 surrounding an outer periph-
ery of the impeller 10 in a radial direction and including
a suction port 41 and a discharge port 42 facing each
other in an axial direction of the rotating shaft 21. Aninner
surface of the venture casing 30 includes a suction-side
slant part 31 expending the suction port 41 outward in
the radial direction of the impeller 10, a linear part 32
continuing from the suction-side slant part 31 and forming
an axial flow of a fluid with the impeller 10, a discharge-
side slant part 34 expanding the discharge port 42 out-
wardintheradial direction ofthe impeller 10,and acurved
part 33 connecting the linear part 32 and the discharge-
side slant part 34.
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Description

[0001] This application is based on Japanese Patent
Application No. 2011-257545 filed on November 25,
2011, the contents of which are incorporated herein by
reference.

BACKGROUND
1. Technical Field

[0002] The present invention relates to an axial-flow
fan in which the shape of an inner surface of a venturi
casing surrounding an outer periphery of an impeller in
a radial direction is improved.

2. Description of Related Art

[0003] An axial-flow fan is provided with a cylin-
der-shaped venturi casing at an outer periphery of an
impeller in a radial direction for forming an axial flow in
conjunction with the impeller mounted on a rotating shaft
of a rotary drive device. Because of its simple structure,
the axial-flow fan is widely used for a cooling fan of a
personal computer, a ventilating fan, and the like, for ex-
ample.

[0004] The axial-flow fan typically has the flow charac-
teristics in which air volume is large and a static pressure
is small. To improve such flow characteristics of the ax-
ial-flow fan, the structure of the impeller or the structure
of the venturi casing has been devised in various ways.
[0005] Forexample, the below-mentioned Patent Doc-
ument 1 discloses a blower device in which a cross sec-
tion of an orifice (venturi casing) is composed of a partial
or a whole arc part at a suction side, a linear part, and
an arc partatadischarge side, and in which the arc radius
of the suction-side arc part is formed larger than the arc
radius of the discharge-side arc part.

[0006] Further, the below-mentioned Patent Docu-
ment 2 discloses an axial-flow fan in which a tapered
surface concentric with the rotation center of a fan is
formed on a casing (venturi casing), and in which a slant
part along the above-described suction-side tapered sur-
face is formed on a rotating blade.

[0007] See Japanese Patent Application Laid-Open
No.5-133398 (Patent Document 1) and Japanese Patent
Application Laid-Open No. 2000-179490 (Patent Docu-
ment 2).

[0008] Incidentally, the blower device disclosed in Pat-
entDocument 1 achieves noise reduction while obtaining
a large air volume by forming the arc radius of the suc-
tion-side arc part larger than the arc radius of the dis-
charge-side arc part. However, a discharge port of the
venturi casing is expanded only at the discharge-side arc
part. Therefore, because a discharged flow suddenly
changes its direction in a curved manner by an inner sur-
face of the venturi casing and passes therethrough, the
maximum static pressure is more likely to be smaller than
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when the discharge port is expanded in a linear manner.
[0009] On the other hand, the axial-flow fan disclosed
in Patent Document 2 prevents the occurrence of a tur-
bulent flow by forming the slant part of the rotating blade
along the suction-side tapered surface of the venturi cas-
ing, whereby suctioning air flow is made smooth. How-
ever, because the expansion of the suction port by the
suction-side tapered surface of the venturi casing is re-
stricted in relation to the slant part of the rotating blade,
there is a limit in increasing the air volume.

[0010] The present invention has been made in view
of the foregoing problems, and an object of the present
invention is to provide an axial-flow fan with a large air
volume and static pressure.

SUMMARY

[0011] To achieve at least one of the abovementioned
objects, an axial-flow fan reflecting one aspect of the
present invention comprises an impeller and a venturi
casing. The impeller is mounted on a rotating shaft of a
rotary drive device. The venturi casing surrounds an out-
er periphery of the impeller in a radial direction and has
a suction port and a discharge port facing each other in
an axial direction of the rotating shaft.

[0012] Aninner surface of the above-described venturi
casing preferably includes a suction-side slant part ex-
panding the suction port outward in the radial direction
of the impeller, a linear part continuing from the suc-
tion-side slant part and forming an axial flow of a fluid
with the impeller, a discharge-side slant part expanding
the discharge port outward in the radial direction of the
impeller, and a curved part connecting the linear part with
the discharge-side slant part.

[0013] The discharge-side slant part preferably ex-
pands the discharge port in a linear manner from the
curved part outward in the radial direction of the impeller.
[0014] The objects, features, and characteristics of this
invention other than those set forth above will become
apparent from the description given herein below with
reference to preferred embodiments illustrated in the ac-
companying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

Fig. 1is a cross-sectional view showing an axial-flow
fan according to an embodiment.

Fig. 2 is a cross-sectional view showing a principal
part of the axial-flow fan according to the embodi-
ment.

Fig. 3 is a cross-sectional view showing a principal
part of an axial-flow fan according to Comparative
Example 1.

Fig. 4 is a cross-sectional view showing a principal
part of an axial-flow fan according to Comparative
Example 2.



3 EP 2 597 314 A2 4

Fig. 5 is a diagram illustrating characteristics of an
axial-flow fan according to Example in relation to
characteristics of Comparative Examples 1 and 2.

DETAILED DESCRIPTION

[0016] An axial-flow fan according to the present em-
bodiment will be herein described with reference to the
drawings.

[0017] First, the axial-flow fan according to the present
embodiment will be described with reference to Fig. 1.
Fig. 1 is a cross-sectional view showing the axial-flow
fan according to the present embodiment. Fig. 2 is a
cross-sectional view showing a principal part of the axial-
flow fan according to the present embodiment.

[0018] The axial-flow fan is a blower device that takes
in fluid from one of the axial directions of a rotating shaft
21 of a rotary drive device 20 described below and dis-
charges the fluid to the other axial direction by the rotation
of an impeller 10 mounted on the rotating shaft 21. An
axial-flow fan 100 according to the present invention be-
comes capable of providing a large air volume and max-
imum static pressure by improving an inner surface
shape of a casing 30 that surrounds an outer periphery
of the impeller 10 in the radial direction.

[0019] The axial-flow fan 100 of the present embodi-
mentincludes, as shown in Fig. 1, the impeller 10 mount-
ed on the rotating shaft 21 of the rotary drive device 20
as well as the venturi casing (hereinafter, simply referred
to as "casing") 30 that surrounds the outer periphery of
the impeller 10 in the radial direction. Further, the axi-
al-flow fan 100 of the present embodiment includes a
frame 40. The frame 40 supports a base part 22 of the
rotary drive device 20 and integrally supports the casing
30.

[0020] The impeller 10 has a cup-shaped hub part 11
in the center, and a plurality of blades 12 is integrally and
radially mounted on a periphery of the hub part 11. Each
of the blades 12 is provided in a slantedmanner with re-
spect to the axial direction of the rotating shaft 21.
[0021] A motor as the rotary drive device 20 of the im-
peller 10 is provided inside the hub part 11. This motor
20 includes a nearly cup-shaped rotor yoke 23, the ro-
tating shaft 21 pressed into the central part of the rotor
yoke 23, and a stator core 26 in which a coil 25 is wound
around.

[0022] The rotor yoke 23 is inserted into the hub part
11. Amagnet 24 is secured on an inner peripheral surface
of the rotor yoke 23.

[0023] The rotating shaft 21 is rotatably supported by
a bearing 27. The bearing 27 is fixed to an inner surface
of a cylinder-shaped support part 28. This support part
28 is integrally secured to a circular opening hole 22a
formed in the center of the base part 22.

[0024] The stator core 26 is press-fit onto an outer sur-
face of the support part 28. The stator core 26 and the
magnet 24 of the rotor yoke 23 face each other with a
gap therebetween.
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[0025] The frame 40 is, for example, formed of syn-
thetic resin and the like, disposes the motor 20 in the
base part 22 at the suction side, and is integrally formed
with the cylinder-shaped casing 30 to settle the impeller
10 in its inside. Further, the base part 22 and the casing
30 are connected by radial spokes 43.

[0026] Further, flange parts 51 and 52 for fixing the
frame 40 to an electronic device and the like are provided
at the rims on the suction side and the discharge side of
the casing 30. The flange parts 51 and 52 are respectively
extended outward in the radial direction of the impeller
10 from the suction side and the discharge side of the
casing 30. These flange parts 51 and 52 are
square-shaped mounting members formed continuously
to an outer peripheral wall of the casing 30. Screw holes
(not shown) for screwing a mounting screw are formed
at four corners of each of the flanges 51 and 52.

[0027] Therefore, the axial-flow fan 100 is, via a hous-
ing of an electronic device and the like, mounted to the
housing or the like by screwing the mounting screw (not
shown) to the suction-side flange part 51 or the dis-
charge-side flange part 52. For example, if the axial-flow
fan 100 of the present embodiment is used as a cooling
fan of a personal computer (PC), the suction-side flange
part 51 is mounted to a fan mounting part on an inner
surface of the housing of the PC. Further, if the axial-flow
fan 100 of the present embodiment is used as a ventilat-
ing fan, the discharge-side flange part 52 is mounted to
a rim part of an opening of an inner wall of a building.
[0028] Next, an inner surface shape of the casing 30
according to the present embodiment will be described
with reference to Fig. 2. The axial-flow fan 100 according
to the present invention is characteristic in the inner sur-
face shape of the casing 30.

[0029] As shown in Fig. 2, the inner surface of the cas-
ing 30 is constituted by a suction-side slant part 31, a
linear part 32, a curved part 33, and a discharge-side
slant part 34 from the suction side to the discharge side,
and these parts sequentially continue in the order.
[0030] The suction-side slant part 31 is a portion that
expands the suction port41 outward in the radial direction
of the impeller 10. The suction-side slant part 31 of the
present embodiment is formed of a curved line such as
an arc and expands the suction port 41 outward in the
radial direction of the impeller 10 in a curved manner. It
is not limited to such a manner, and the suction-side slant
part 31 may expand the suction port 41 outward in the
radial direction of the impeller 10 in a linear manner.
[0031] Asdescribed above, the suction port41 is slant-
ed and expanded by the suction-side slant part 31,
whereby the fluid around the suction port 41 is taken in,
and the air volume of the axial-flow fan 100 can be in-
creased. Here, the air volume is a volume of air that the
axial-flow fan 100 takes in and discharges in per unit
time. The larger the pressure ratio, the smaller the air
volume at the discharge side due to compression. There-
fore, typically, the air volume at the suction side is used.
[0032] The linear part 32 is a portion that continues
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from the suction-side slant part 31 and connects the suc-
tion-side slant part 31 with the curved part 33 in a straight
line. The linear part 32 forms an axial flow of a fluid to-
gether with the impeller 10. This linear part 32 faces a
side edge of the blade 12 of the impeller 10 with a gap
therebetween and extends toward the discharge side in
nearly parallel with the side edge of the blade 12.
[0033] The curved part 33 is a portion that continues
from the linear part 32 and connects the linear part 32
with the discharge-side slant part 34 described below in
a curved line. The curved part 33 of the present embod-
iment is formed of an arc with the radius R of 5 mm, for
example. However, the radius is not limited to the numer-
ical value in the present embodiment.

[0034] Aboundarybetween the curved part 33 and the
linear part 32 is positioned on a static pressure boundary
line PL between a suction-side static pressure and a dis-
charge-side static pressure of the impeller 10. Therefore,
the boundary between the curved part 33 and the above-
mentioned linear part 32 becomes a boundary between
the suction side and the discharge side on the inner sur-
face of the casing 30.

[0035] Here, a static pressure is a pressure generated
by a centrifugal force of the impeller 10. And the larger
the maximum static pressure is, the further the fluid will
reach. The suction-side static pressure, as a negative
static pressure, gradually decreases from 0 Pa and be-
comes the minimum pressure at the PL line. On the other
hand, the discharge-side static pressure is to become
the maximum static pressure atthe PL line as a boundary
and gradually decrease to 0 Pa again.

[0036] Thedischarge-side slantpart34 is a portion that
continues from the above-mentioned curved part 33 and
expands the discharge port 42 outward in the radial di-
rection of the impeller 10. This discharge-side slant part
34 expands the discharge port 42 in a linear manner from
the curved part 33 outward in the radial direction of the
impeller 10. Therefore, a discharge flow which has
passed through the impeller 10 changes its direction cur-
vilinearly at the curved part 33 outward in the radial di-
rection of the impeller 10 and is then smoothly guided
along the linear discharge-side slant part 34. The dis-
charge-side slant part 34 of the present embodiment has
the inclination angle of, for example, 44 degrees with
respect to a vertical line, but the inclination angle is not
limited to the numerical value in the present embodiment.
[0037] Further, in the present embodiment, the inner
diameter of the discharge port 42 expanded by the dis-
charge-side slant part 34 is set larger than the inner di-
ameter of the suction port 41 expanded by the suction-
side slant part 31. As just described, because the inner
diameter of the discharge port 42 is set larger than the
inner diameter of the suction port 41, the discharge flow
turns from an axial flow to a diagonal flow. And with ad-
dition of a pressure increasing action by the centrifugal
force of the impeller, sufficient pressure characteristics
can be obtained.

[0038] Asdescribed above, by slanting and expanding
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the suction port 41 at the suction-side slant part 31, the
axial-flow fan 100 according to the present embodiment
takes in the fluid around the suction port 41, whereby the
air volume can be increased.

[0039] Also, the inner surface of the casing 30 con-
nects the discharge-side slant part 34 with the linear part
32, that forms the axial flow together with the impeller
10, by the curved part 33. Further, the discharge-side
slant part 34 expands the discharge port 42 outward in
the radial direction of the impeller 10 from the curved part
33 in a linear manner.

[0040] Therefore, the direction of the discharge flow is
changed outward in the radial direction of the impeller 10
at the curved part 33 in a curvedmanner, and the flow is
then smoothly guided along the linear discharge-side
slant part 34, whereby occurrence of a turbulent flow is
suppressed while alarge static pressure can be obtained.
[0041] Therefore, by expanding the discharge port 42
by combining the curved part 33 with the linear dis-
charge-side slant part 34, the axial-flow fan 100 of the
present embodiment exhibits an advantageous effect of
suppressing the occurrence of the turbulent flow and of
obtaining flow characteristics of a large air volume and
maximum static pressure.

[0042] Although a preferred embodiment of the
present invention has been described, it is for illustrative
purpose only and is not intended to limit the scope of the
present invention to the embodiment. The presentinven-
tion may be practiced in various ways that differ from the
above-described embodiment without departing from the
scope of the invention.

[Examples]

[0043] Hereinafter, an axial-flow fan according to the
present invention will be further described in detail by
taking Example and Comparative Examples. However,
the present invention is not limited to Example.

[Example]

[0044] Referring back to Figs. 1 and 2, Example of an
axial-flow fan according to the present invention will be
described. In Example, an axial-flow fan 100 shown in
Figs. 1 and 2 was produced. In the axial-flow fan 100 of
Example, as described above, an inner surface of a cas-
ing 30 at a discharge side is formed with a curved part
33 and a discharge-side slant part 34. The radius R of
the curved part 33 is set to be 5 mm. Also, the discharge-
side slant part 34 is set to 44 degree from a vertical line.
[0045] The flow characteristics of the axial-flow fan 100
of Example will be examined by measuring a flow speed,
a maximum air volume, a maximum static pressure, a
noise, as well as power consumption and by comparing
these values with those of Comparative Examples 1 and
2 described below.
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[Comparative Example 1]

[0046] In an axial-flow fan 200 of Comparative Exam-
ple 1 will be described with reference to Fig. 3. Fig. 3 is
a cross-sectional view showing a principal part of the
axial-flow fan of Comparative Example 1. Note that sub-
stantially the same constituents as Example will be de-
noted using the same reference signs.

[0047] The axial-flow fan 200 of Comparative Example
1, as shown in Fig. 3, an inner surface shape of a casing
60 at a discharge side differs from Example. The inner
surface of the casing 60 in Comparative Example 1 is
composed of a suction-side slant part 31, a linear part
32, and a discharge-side slant part 64 from the suction
side to the discharge side, and these parts sequentially
continue.

[0048] The suction-side slantpart 31 and the linear part
32 are formed in a similar manner to Example. Also, the
discharge-side slant part 64 expands a discharge port
42 in a linear manner, and its inclination angle is set to
53 degrees from a vertical line. That is, in the axial-flow
fan 200 of Comparative Example 1, the inner surface of
the casing 60 at the discharge side is formed only by the
linear discharge-side slant part 64.

[0049] Theflow characteristics of the axial-flow fan 200
of Comparative Example 1 will be examined by measur-
ing a flow speed, a maximum air volume, a maximum
static pressure, a noise, as well as power consumption
and by comparing these values with those of Example
and Comparative Example 2.

[Comparative Example 2]

[0050] An axial-flow fan 300 of Comparative Example
2 will be described with reference to Fig. 4. Fig. 4 is a
cross-sectional view showing a principal part of an axial-
flow fan of Comparative Example 2. Note that substan-
tially the same configurations as Example will be denoted
using the same reference signs.

[0051] In the axial-flow fan 300 of Comparative Exam-
ple 2, as shown in Fig. 4, an inner surface shape of a
casing 70 at a discharge side differs from Example and
Comparative Example 1. The inner surface of the casing
70 in Comparative Example 2 is composed of a suc-
tion-side slant part 31, a linear part 32, and a discharge-
side arc part 74 from the suction side to the discharge
side, and these parts sequentially continue.

[0052] The suction-side slantpart 31 and the linear part
32 are formed in a similar manner to Example and Com-
parative Example 1. Further, the discharge-side arc part
74 expands a discharge port 42 in a curved manner and
is set to be an arc with the radius R of 7.72 mm. That is,
in the axial-flow fan 300 of Comparative Example 2, the
inner surface of the casing 70 at the discharge side is
formed only by the discharge-side arc part 74.

[0053] Theflow characteristics of the axial-flow fan 300
of Comparative Example 2 will be examined by measur-
ing a flow speed, a maximum air volume, a maximum
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static pressure, a noise, as well as power consumption
and by comparing these values with those of Example
and Comparative Example 1.

[Examination of flow characteristics of Example, and
Comparative Examples 1 and 2]

[0054] Fig. 5is a diagram illustrating the characteristic
of the axial-flow fan of Example in relation to the charac-
teristics of Comparative Examples 1 and 2.

[0055] Asshownin Fig.5, the flow speeds in Example,
Comparative Examples 1 and 2 are 5850 [min-1] and all
show the same value.

[0056] The maximum air volumes in Example and
Comparative Example 2 are 1.74 [m3/min] and all show
the same value. However, the maximum air volume in
Comparative Example 1 is 1.70 [m3/min] and is inferior
to the maximum air volumes in Example and Compara-
tive Example 2. Therefore, it can be considered that a
larger maximum air volume can be obtained when the
discharge port 42 is expanded in a curved manner than
when the discharge port 42 is expanded in a linear man-
ner.

[0057] The maximum static pressures in Example and
Comparative Example 1 are respectively 112.9 [Pa] and
112.8 [Pa] and show approximately the same value.
However, the maximum static pressure in Comparative
Example 2 is 109.0 [Pa] and is inferior to the maximum
static pressures in Example and Comparative Example
1. Itis considered that a larger maximum static pressure
can be obtained when the discharge port 42 is expanded
in a linear manner than when the discharge port 42 is
expanded in a curved manner.

[0058] Noises in Example, Comparative Examples 1
and 2 are respectively 44.2 [dB], 44.3 [dB], and 44.2[dB]
and show approximately the same value.

[0059] The power consumption in Example, Compar-
ative Examples 1 and 2 are respectively, 3.35 [W], 3.30
[W], and 3.35 [W] and show approximately the same val-
ue.

[0060] That is, according to Example, by expanding
the discharge port 42 and combining the curved part 33
with the linear discharge-side slant part 34, the axial-flow
fan 100 can achieve a large air volume and static pres-
sure.

[0061] The axial-flow fan according to the present in-
vention can be, for example, applied as a cooling fan of
an electronic device such as a personal computer and a
power supply device or as a ventilating fan.

Claims
1. An axial-flow fan comprising:
an impeller mounted on a rotating shaft of a ro-

tary drive device; and
a venturi casing surrounding an outer periphery
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of the impeller in a radial direction and including
a suction port and a discharge port facing each
other in an axial direction of the rotating shaft,
wherein

an inner surface of the venturi casing includes
a suction-side slant part expanding the suction
port outward in the radial direction of the impel-
ler,

a linear part continuing from the suction-side
slant part and forming an axial flow of a fluid with
the impeller,

a discharge-side slant part expanding the dis-
charge port outward in the radial direction of the
impeller, and

a curved part connecting the linear part with the
discharge-side slant part.

The axial-flow fan according to claim 1, wherein

a boundary between the linear part and the curved
part is positioned on a static pressure boundary line
between a suction-side static pressure and a dis-
charge-side static pressure of the impeller.

The axial-flow fan according to claim 1, wherein

an inner diameter of the discharge port expanded by
the discharge-side slant part is larger than an inner
diameter of the suction port expanded by the suction-
side slant part.

The axial-flow fan according to claim 1, wherein
the discharge-side slant part expands the discharge
port outward in the radial direction of the impeller
from the curved part in a linear manner.
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