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Description

[0001] This application claims priority to Japanese pat-
ent application serial number 2010-29802, the contents
of which are incorporated herein by reference.

[0002] The presentinvention relates to noise reduction
devices for blowers that may be used for blowing wind
to powder dust or the like generated, for example, at a
construction site in order to gather the same or, converse-
ly, for drawing and collecting the powder dust or the like.
[0003] A known blower has a fan disposed within a
body housing and rotatable driven by a motor for produc-
ing a flow of air into an air inlet portion and out of an air
outlet portion of the body housing, so that air is blown
out of the air outlet portion, while any dust is drawn into
the air inlet portion. During the air being blown out, a
noise (air blowing sound) may be produced by the air
flowing into the air inlet portion and out of the air outlet
portion in addition to a noise produced by the rotating
motor. Therefore, it has been desired for reducing the air
blowing sound.

[0004] Techniques relating to this kind of blowers are
disclosed in Japanese Laid-Open Patent Publication
Nos. 2001-50196 and 45-30389. Japanese Laid-Open
Patent Publication No. 2001-50196 discloses a tech-
nigue of removing static electricity that may be produced
during the use of slower. Japanese Laid-Open Patent
Publication No. 45-30389 discloses a technique of re-
ducing a noise. According to this noise reduction tech-
nique, a tubular muffles and a specific sound absorbing
material each having a plurality of small holes are pro-
vided ateach ofanairinlet portion and an air outlet portion
for reducing a noise within a specific frequency range.
[0005] However, in general, blowers are used as sub-
sidiary devices at construction sites, and therefore, con-
figuring a blower to have the muffler and the specific
sound absorbing material as disclosed in Japanese Laid-
Open Patent Publication No. 45-30389 leads to a com-
plicated construction of me blower and increase of the
manufacturing cost.

[0006] Therefore, there is a need in the art for a noise
reduction device for a blower, which can reduce a noise
without leading to a complicated construction.

[0007] According to the presentteaching, noise reduc-
tion device for a blower includes a noise reduction mem-
ber. The noise reduction member has a noise reduction
chamber and a noise reduction opening defined therein,
so that a part of air flowing into, through or out of the
blower can enter the noise reduction chamber via the
noise reduction opening.

[0008] Additional objects, features, and advantages,
of the present invention will be readily understood after
reading the following detailed description together with
the claims and the accompanying drawings, in which:

FIG 1 is a side view of a blower according to a first
example with a portion around an air outlet shown
in a vertical sectional view;
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FIX 2 is a plan view of the blower as viewed in a
direction of arrow Il in FIG. 1 with a portion around
the air outlet shown in a horizontal sectional view;
FIG 3 is a vertical sectional view taken along line llI-
lIl'in FIG. 1 and showing a.

portion around the air outlet in a vertical sectional
view.

FIG. 4 is an enlarged side view of a noise reduction
portion of the blower, and

FIG. 5is a vertical sectional view of a noise reduction
adaptor and an air outlet portion of a blower accord-
ing to a second example.

[0009] Each of the additional features and teachings
disclosed above and below may be utilized separately or
in conjunction with other features and teachings to pro-
vide improved sound reduction devices and blowers hav-
ing such devices. Representative examples of the
present invention, which examples utilize many of these
additional features and teachings both separately and in
conjunction with one another, will now be described in
detail with reference to the attached drawings. This de-
tailed description is merely intended to teach a person
of skill in the art further details for practicing preferred
aspects of the present teachings and is not intended to
limit the scope of the invention. Only the claims define
the scope of the claimed invention. Therefore, combina-
tions of features and steps disclosed in the following de-
tailed description may not be necessary to practice the
invention in the broadest sense, and are instead taught
merely to particularly describe representative examples
of the invention. Moreover, various features of the rep-
resentative examples and the dependent claims may be
combined in ways that are not specifically enumerated
in order to provide additional useful example of the
present teachings. Various examples will now be de-
scribed with reference to the drawings,

[0010] Inoneexample, ablowerincludes a body hous-
ing and a rotary fan. The body housing has an air inlet
portion and an air outlet portion defining an air inlet pas-
sage and an air outlet passage, respectively. The rotary
fan is disposed within the body housing. The body hous-
ing includes a noise reduction portion having a noise re-
duction chamber and a noise reduction hole. The noise
reduction chamber communicates with one of the air inlet
passage and the air outlet passage.

[0011] Asthefanrotates, air flows into the airinlet pas-
sage of the air inlet portion and then flows out of the
blower through the air outlet passage of the air outlet
portion. Depending on the number of fins of the fan and
the rotational speed of the fan, a variation in pressure
(pulsation) may be produced in the stream of air, so that
the air stream repeatedly alternates between a high pres-
sure region and a low pressure region in the direction of
flow of air through me inlet or outlet air passage. There-
fore, when the air stream is produced, a part of air moves
between the inlet or outlet air passage and the noise re-
duction chamber via the noise reduction hole in response
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to change of the pressure of the air stream. Then, a heat
is produced due to friction between an edge of the noise
reduction hole and the air passing through the noise re-
duction hole, so that sound energy of a part of the air
stream is converted into frictional energy (heat energy),
leading to decrease (deadening) of a noise produced by
the air stream.

[0012] Thus, by communicating the air inlet or outlet
passage with the noise reduction chamber via the noise
reduction hole, the primary component of the air blowing
sound can be reduced based on the principle of Helm-
holtz resonator. Because a muffler or a specific sound
reduction material as required in the known art for reduc-
ing the noise is not necessary, it is possible to achieve
effective noise reduction by a simple and low-cost con-
struction.

[0013] Becauseitis possible to achieve effective noise
reduction by a simple and low-cost construction, the
blower of this example can be advantageously used for
a blower that is used for performing a relatively light duty
and ancillary work for blowing air or collecting dust.
[0014] The noise reduction chamber may be disposed
in juxtaposed relationship with the air inlet or outlet pas-
sage. For example, the noise reduction chamber may
communicate with the air outlet passage defined in the
air outlet portion via the noise reduction hole.

[0015] The body housing may be split into a left hous-
ing half and a right housing half joined together to form
the body housing. The lefthousing half and the right hous-
ing half are positioned on a left side and a right side with
respect to a direction of flow of air within the air inlet or
outlet passage. In this connection, the noise reduction
portion may be split into a left portion and a right portion
corresponding to the left housing half and the right hous-
ing half, respectively. With this arrangement, itis possible
to easily manufacture the body housing that has the noise
reduction portion.

[0016] Each of the left housing half and the right hous-
ing half may be molded by resin, The left housing half
may have a first portion and a first wall integrated with
the first portion. The right housing half may have a second
portion and a second wall integrated with the second por-
tion. The air outlet passage of the air outlet portion may
be defined between the first portion and the second por-
tion. The noise reduction chamber and the noise reduc-
tion hole of the noise reduction portion may be defined
between the first wall and the second wall. With this ar-
rangement, it is possible to form the noise reduction
chamber and the noise reduction hole by a simple man-
ufacturing process or a simple assembling process.
Therefore, the manufacturing cost can be further re-
duced.

[0017] A volume of the noise reduction chamber and
adiameter of the noise reduction hole may be determined
based on the number of fins of the fan and the rotational
speed of the fan, so that it is possible to further effectively
achieve reduction of the noise.

[0018] In another example, a noise reduction device
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for a blower is provided. The noise reduction device in-
cludes a tubular member capable of mounting to one of
the air inlet portion and the air outlet portion. The tubular
member defines therein an air blowing passage, a noise
reduction chamber and a noise reduction hole. The air
blowing passage communicates with the air inlet or outlet
passage when the tubular member is mounted to one of
the air inlet portion and the air outlet portion. The noise
reduction chamber communicates with the air blowing
passage via the noise reduction hole. The noise reduc-
tion chamber may be disposed in juxtaposed relationship
with the air blowing passage.

[0019] Also, with the adaptor constructed in this way,
it is possible to achieve the same noise reduction effect
as the noise reduction portion formed on the blower. In
addition, the adaptor is simple in construction and can
be manufactured at a lower cost.

[0020] Examples will be now described with reference
to FIGS. 1 to 5. Referring to FIGS. 1 to 4, there is shown
a blower 1 according to a first example. The blower 1 has
an electric motor 2 that serves as a drive source and is
disposed within a body housing 10. In this example, the
motor 2 is a DC motor that receives a supply of electric
power from a battery pack 14. An air outlet portion 11.
has a tubular configuration and is integrally formed with
the front portion of the body housing 10. An air inlet por-
tion 12 includes an air inlet passage. In this example, the
air inlet passage is a plurality of slit-like air inlet openings
formed in the lower portion of the body housing 10. A
loop-shaped handle 13 is disposed at the rear portion of
the body housing 10, and the battery pack 14 serving as
a DC power source is mounted to the lower portion of
the handle 13. The electric power of the battery pack 14
is supplied to the motor 14 for rotating the same. The
battery pack 14 has rechargeable batteries and can be
removed from the handle 13. A battery charger prepared
separately from the battery pack 14 can recharge the
batteries, so that the battery pack 14 can be repeatedly
mused. A start switch 13a and a stop switch 13b each
configured as a push button switch are mounted to the
upper portion ef the handle 13. The motor 2 starts when
the start switch 13a is pushed, while me motor 2 stops
when the stop switch 13b is pushed.

[0021] A fan 3 is mounted to an output shaft of the
motor 2. In this example, a centrifugal fan is used for the
fan 3. The fan 3 has nine fins 3a. As shown in FIGS. 2
and 3, fan case 15 is provided at substantially the central
portion of the body housing 10 and is configured like a
circular disk extending laterally therefrom. When the mo-
tor 2 starts to rotate the fan 3, an eternal air is drawn into
the fan case 15 from the air inlet portion 12 and is then
blown in a radial direction along the fins 3a to collide with
the inner surface of the fan case 15. As aresult, a stream
of air circulating in a counterclockwise direction as
viewed in FIG. 2 is produced and the streaming air is
thereafter blown out of the air outlet portion 11.

[0022] A noise reduction portion 20 serving as a noise
reduction device of the first example is disposed at the
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air outlet portion 11. The details of the noise reduction
portion 20 be described later.

[0023] The body housing 10 is made of resin and has
a split-half construction having a left housing half 10L
and aright housing half 10R molded separately from each
other. The left and right housing halves 10L and 10R are
joined together after they are brought to abut to each
other. The left housing half low and the right housing half
low are positioned on the left side and the right side,
respectively, with respect to a direction of flow of air in-
dicated by an outline arrow in FIG. 1. Figs. 2 and 3 show
a mating plane J where the left and right housing halves
10L and low abut to each other. The left and right housing
halves 10L and 10R are configured to be symmetrical
with each other except for portions forming the fan case
15. Each of the air inlet portion 11, the air outlet portion
12, and the handle 13 of the body housing 10 is split into
two parts that are formed integrally with the left and right
housing halves 10L and low, respectively.

[0024] The air outlet portion 11 formed integrally with
the front portion of the body housing 10 has a substan-
tially cylindrical tubular shape and has a configuration
split into a left half and a right half according to the split-
half configuration of the housing 10, The noise reduction
portion 20 provided at the air outlet portion 11 also has
a configuration split into a left: half and a right half. There-
fore, the air outlet portion 11 and the noise reduction por-
tion 20 are assembled simultaneously with assembling
the body housing 10 by bringing the left and right housing
halves low and low to abut to each other and joining to-
gether.

[0025] An upper wall 16a and a lower wall 16b are
formed integrally with the air outlet portion 11. An air blow-
ing passage 16 serving as an air outlet passage of the
blower 1 is defined between the upper and lower walls
16aand 16b. An upstream side of the air blowing passage
16 communicates within inside of the fan case 15. The
air of the stream produced by the rotation of the fan 3
flows through the air blowing passage 16 and is thereafter
blown out of the air outlet portion 11. In order to produce
a desired stream of blowing air, a nozzle (not shown)
may be attached to the air outlet portion 11, so that air
may flow out of an end portion of the nozzle.

[0026] FIG. 4 shows the details of the noise reduction
portion 20. The noise reduction portion 20 is disposed
on the lower side of the air blowing passage 16 and has
a noise reduction chamber 21 and a noise reduction hole
22. The noise reduction chamber 21 is defined by the
lower wall 16b, an are-shaped bottom wall 21a formed
integrally with a lower portion of the lower wall 16b, a
front wall 21b and a rear wall 21c. The noise reduction
hole 22 is formed in the lower wall 16b. The noise reduc-
tion chamber 21 communicates with the air blowing pas-
sage 16 via the noise reduction hole 22. The noise re-
duction chamber 21 is sealed not to communicates with
any other spaces, except for the noise reduction hole 22.
[0027] Each of the upper wall 16a, the lower wall 16b,
the front wall 21b, the rear wall 21c and the noise reduc-
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tion hole 22 has a configuration split into a left half and
a right half corresponding to the split-half configuration
of the body housing 10. Therefore, in order to assemble
the upper wall 16a, the lower wall 16b, the front wall 21b,
the rear wall 21c and the noise reduction hole 22, left and
right halves corresponding to these parts and integrally
molded with portions of the left and right housing halves
10 L and low forming the air outlet portion 11 are abutted
to and joined to each other. Hence, assembling the body
housing 10 by joining the left and right housing halves
10L and 10R together leads to simultaneously assemble
the noise reduction chamber 21 and the noise reduction
hole 22 by joining the corresponding left and right halves
together. As a result, the noise reduction portion 20 can
be formed without need of a specific additional operation.
[0028] The operation of the noise reduction portion 20
constructed as described above will now be described.
A variation (pulsation) in pressure depending on the
number of fins 3a of the fan 3 may be produced in the air
flowing within the air blowing passage 16. Due to the
pressure variation of air, movement (flow) of air between
the air blowing passage 16 and the noise reduction cham-
ber 21 occurs in accordance of the principle of a Helm-
holtz resonator. When such movement of air between
the air blowing passage 16 and the noise reduction cham-
ber 21 occurs, a heat may be produced by a friction be-
tween an edge portion of the noise reduction hole 22 and
the air flowing along the edge portion. This generation of
the frictional heat means that sound energy of the air
passing through the air blowing passage 16 is converted
into heat energy, so that an air blowing sound is reduced
accordingly.

[0029] The volume of the noise reduction chamber 21
and the diameter of the noise reduction hole 22 are suit-
ably set according to the frequency of me air blowing
sound, which may vary with the number of fins 3a of the
fan 3, the rotational speed of the fan 3, or any other fac-
tors. More specifically, in this example, the rotational
speed of the fan 3 having the nine fins 3a is set to 16,000
rpm to produce an air blowing sound having a frequency
of about 2.4 kHz. On the other hand, the volume of the
noise reduction chamber 21 is set to be 14,100 mm3; the
diameter of the noise reduction hole 22 is set to be 25
mm, and a thickness t of the lower wall 16b or the depth
(length) of the noise reduction hole 22 is set to be 1.5
mm. The inventor of the present invention conformed
through experiments that setting the sizes of these parts
in this way can provide an excellent noise reduction ef-
fect. In the case of this example, the level of the primary
component of the noise produced by the air blown
through the air outlet portion 11 was reduced by about 5
to 10 dB than that of the noise produced by air blown
through an air outlet of a known blower having no specific
sound reduction device. Therefore, no high-pitched and
unpleasant noise was generated, and a quality of the
sound could be improved. As a result, it is possible to
improve the operation performance of the blower 1.
[0030] According to the blower 1 of the first example
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constructed as described above, it is possible to reduce
the air blowing sound by the sound reduction portion 20
provided at the air outlet portion 11. The sound reduction
portion 20 includes the noise reduction chamber 21 jux-
taposed with the air blowing passage 16 and further in-
cludes the noise reduction hole 22 communicating be-
tween the noise reduction chamber 21 and the air blowing
passage 16. Because the noise reduction chamber 21
and the noise reduction hole 22 are formed by parts that
are integral with the body housing 10 and each has a
configuration split into a left half and a right half, they can
be assembled simultaneously with assembling the body
housing 10. The left and right halves forming the noise
reduction chamber 21 and the noise reduction hole 22
can be molded together with the corresponding housing
halves 10L and 10R, for example, by using molds slightly
modified from those used for molding the housing halves
10L and 10R that do not include the noise reduction
chamber 21 and the noise reduction hole 22. Therefore,
the noise reduction portion 20 can be easily and econom-
ically manufactured in comparison with a construction
using a muffler or a specific noise reduction material.
[0031] The above first example can be modified in var-
ious ways. For example, although the air outlet portion
11 having the noise reduction portion 20 is formed inte-
grally with the body housing 10 having split-half construc-
tion in the first example, the noise reduction portion 20
may be formed separately from the body housing 10. In
such a case, a plurality of noise reduction devices each
having a noise reduction member corresponding to the
noise reduction portion 20 may be prepared for ex-
changeably mounting to an air outlet portion or an air
inlet portion of a body housing of a blower that does not
have the noise reduction portion. In addition, the noise
reduction devices prepared in this way may be configured
as adaptors that can be removably mounted to existing
blowers having no specific noise reduction devices.
[0032] A noise reduction device prepared as an adop-
ter for mounting to a blower will be hereinafter described
as a second example with reference to FIG. 5. The basic
construction of the blower 1 of the second example is me
same as that of the blower 1 shown in FIGS. 1 to 4. How-
ever, the blower 1 of the second example is different from
the blower 1 shown in FIGS. 1 to 4 in that the air outlet
portion 17 has no noise reduction portion 20. Therefore,
only the front portion of the air outlet portion 17 is shown
in FIG. 5. A noise reduction device 30 according to the
second example shown in FIG. 5 can be detachably
mounted to the air outlet 17.

[0033] Referring to FIG. 5, the noise reduction device
30 has a noise reduction member 35 having a substan-
tially tubular shape and made of resin. Similar to the body
housing 10, the noise reduction member 35 has a split-
half construction similar to that of the body housing 10.
An upper wall 31a and a lower wall 31b are formed within
the noise reduction member 35 and define an air blowing
passage 31 therebetween. When the noise reduction de-
vice 30 is mounted to the air outlet portion 17 of the blower
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1, the air blowing passage 31 communicates with the air
blowing passage, 16 of the air outlet portion 17.

[0034] The noise reduction member 35 has two lower
and upper noise reduction portions 32 and 33. The lower
noise reduction portion 32 has a noise reduction chamber
32a disposed along a lower wall 31b and a noise reduc-
tion hole 32b formed in the lower wall 31b. The upper
noise reduction portion 33 has a noise reduction chamber
33a disposed along an upper wall 31a and a noise re-
duction hole 33b formed in the upper wall 31a. The lower
noise reduction chamber 32a and the upper noise reduc-
tion chamber 33a are sealed from the outside except for
the noise reduction hole 32b and the noise reduction hole
33b, respectively. The diameters of the lower and upper
noise reduction holes 32b and 33b are suitably deter-
mined based on a frequency of the air blowing sound,
which may depend on the number of fins 3a of the fan 3,
the rotational speed of me fan 3 or any other factors.
[0035] With the noise reduction device 30 configured
inthis way, itis possible to achieve substantially the same
advantages as the first example. In addition, because
the noise reduction device 30 can be detachably mount-
ed to the air outlet portion 17, it is possible to provide a
sound reduction effect to an existing blower that does
nothave a specific noise reduction function. Thus, anoise
reduction function can be given to the existing blower by
simply mounting the noise reduction device 30 thereto.
[0036] The first and second examples can be further
modified. For example, the volume of the noise reduction
chamber 21 (32a, 33) and the diameter of the noise re-
duction hole 22 (32b, 33b) can be suitably determined
based on the frequency of the air blowing sound, which
may vary with change of the number of fins of the fan,
the rotational speed of the fan or any other factors.
[0037] Further, a plurality of noise reduction holes may
be provided for one or each noise reduction chamber,
and it may be possible to provide a plurality of noise re-
duction chambers arranged along the direction of Bow
of the blowing air.

[0038] Furthermore, although the blower 1inthe above
examples is driven by the motor 2 that receives the supply
of electric power from the battery pack 14, the DC motor
2 may be replaced with an AC motor that receives a sup-
ply of an AC power from a commercially available AC
power source. In other words, the blower 1 may be con-
figured as an AC blower. Alternatively, the DC motor 2
may be replaced with art internal combustion engine to
configure the blower as an engine blower.

[0039] Further, although the blower 1 discharges air
from the air outlet portion 11 (17) or the noise reduction
adaptor 30 in the above examples, it may be possible to
draw air from the air outlet portion 11 (17) or the noise
reduction device 30 for collecting dust or the like by ro-
tating the fan 3 in a reverse direction. Thus, the noise
reduction portion 20 (the noise reduction device 30) can
be applied to one or both of the air outlet portion and the
air inlet portion. In brief, the noise reduction portion 20
(the noise reduction device 30) can be used at any place



9 EP 2 360 378 A2 10

where the air pressure varies or fluctuates depending on
the number of fans or other factors.

It is explicitly stated that all features disclosed in the de-
scription and/or the claims are intended to be disclosed
separately and independently from each other for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention independent of the com-
position of the features in the embodiments and/or the
claims. It is explicitly stated that all value ranges or indi-
cations of groups of entities disclose every possible in-
termediate value or intermediate entity for the purpose
of original disclosure as well as for the purpose of re-
stricting the claimed invention, in particular as limits of
value ranges.

Claims

1. A noise reduction device (20; 30) for a blower (1),
comprising:

a noise reduction member (20; 35) having a
noise reduction chamber (21; 32a, 33a) and a
noise reduction hole (22; 32b, 33b), so that a
part of air flowing into, through or out of the blow-
er (1) can enter the noise reduction chamber
(21; 32a, 33a) via the noise reduction hole (22;
32b,33b).

2. A blower (1) comprising the noise reduction device
(20) as in claim 1, wherein:

the blower (1) includes a body housing (10) hav-
ing an air inlet portion (12) and an air outlet por-
tion (11) defining an air inlet passage and an air
outlet passage (16), respectively;

the noise reduction member (20) is formed inte-
grally with the body housing (10); and

the noise reduction hole (22) communicates be-
tween the noise reduction chamber (21) and one
oftheairinlet passage and the air outlet passage
(16).

3. The blower (1) as in claim 2, further comprising:

arotary fan (3) disposed within the body housing
(10);

4. The blower (1) as in claim 2 or 3, wherein the noise
reduction chamber (21) is disposed in juxtaposed
relationship with one of the air inlet passage and the
air outlet passage (16).

5. Theblower (1) asinanyone of claims 2to 4, wherein
the noise reduction chamber (21) communicates
with the air outlet passage (16) via the noise reduc-
tion hole (22).
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6. Theblower(1)asinanyoneofclaims2to5, wherein:

the body housing (10) is split into a left housing
half (10L) and a right housing half (10R) joined
together to form the body housing (10), the left
housing half (10L) and the right housing half
(10R) being positioned on a left side and a right
side with respect to a direction of flow of air within
one of the air inlet passage and the air outlet
passage (16); and

the noise reduction member (20) is split into a
left portion and a right portion corresponding to
the left housing half (10L) and the right housing
half (10R), respectively,

7. The blower (1) as in claim 6, wherein:

each of the left housing half (10L) and the right
housing half (10R) is molded by resin,

the left housing half (10L) has a first portion (16a,
16b) and a first wall (16b, 21a, 21b, 21c) inte-
grated with the first portion (16a, 16b),

the right housing half (10R) has a second portion
(16a, 16b) and a second wall (16b, 21a, 21b,
21c) integrated with the second portion (16a,
16b);

the air outlet passage (16) of the air outlet portion
(11) is defined between the first portion (16a,
16b) and the second portion (16a, 16b); and
the noise reduction chamber (21; 32a, 33a) and
the noise reduction hole (22; 32b, 33b) of the
noise reduction member (20; 32, 33) are defined
between the first wall (16b, 21a, 21b, 21c) and
the second wall (16b, 21a, 21b, 21c).

8. Theblower (1) asinanyone of claims 3 to 7, wherein
a volume of the noise reduction chamber (21) and a
diameter of the noise reduction hole (22) are deter-
mined based on the number of fins (3 a) of the fan
(3) and the rotational speed of the fan (3).

9. The noise reduction device (30) as in claim 1, where-
in the noise reduction member (35) further includes
an air blowing passage (31) defined therein and com-
municating with the noise reduction chamber (32a,
33a) via the noise reduction hole (32b, 33b), and air
flowinginto, through or out of the blower (1) can enter
the air blowing passage (31).

10. The noise reduction device (30) as in claim 9,

wherein the blower (1) has a body housing (10) and
a rotary fan (3), the body housing (10) having an air
inlet portion (12) and an air outlet portion (11) defin-
ing an air inlet passage and an air outlet passage
(16) therein, respectively, and the rotary fan (3) being
disposed within the body housing (10);

wherein the noise reduction member (35) is a tubular
member capable of mounting to one of the air inlet
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portion (12) and the air outlet portion (11).

The noise reduction device (30) as in claim 9 or 10,
wherein the noise reduction chamber (32a, 33a) is
disposed in juxtaposed relationship with the air blow-
ing passage (31).

The noise reduction device (30) as in any one of
claim 10 or 11, wherein a volume of the noise reduc-
tion chamber (32a, 33a) and a diameter of the noise
reduction hole (32b, 33b) are determine based on
the number of fins (3a) of the fan (3) and the rotational
speed of the fan (3).
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