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(54) Shroud and blower using the same

(57)  Ashroud includes aring portion (210) surround-
ing a radial outer rim of an axial flow fan (100) for blowing
air, and an air introducing part (220), for introducing air
to the ring portion (210), enlarged from the ring portion
(210) towards upstream in the airflow. The fan is located
opposite to a heat exchanger (1) positioned upstream of
the fan (100) in the airflow, and a center of the ring portion
(210) is eccentric with respect to a center of the air intro-
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ducing part (220). In the shroud, an airflow regulating
plate (221) protrudes toward an upstream side of the air-
flow and forms a circular arc shape concentric with the
ring portion (210) within a larger-area part (220a) of the
air introducing part (220), which is formed due to the ec-
centrically located ring portion (210). Therefore, the first
noise component of fan rotation noise can be effectively
reduced without reducing an air amount passing through
a heat exchanger.
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Description

[0001] The present invention relates to a shroud and
an axial flow blower using the same, which are suitably
used for a radiator of a vehicle, for example. More spe-
cifically, the present invention relates to a shroud having
an airflow regulating plate, which effectively reduces ro-
tation noise caused by an axial flow fan.

[0002] As a shroud of an axial flow blower used for a
heat exchanger, the one described in JP-A-6-42498 is
known. In this shroud, since the center of an axial flow
fan is arranged eccentrically with respect to a heat ex-
changer, an opening is provided in a smaller-area part
of the air introducing part in the shroud, at an upstream
side of the axial flow fan.

[0003] Normally, when the center of the axial flow fan
is eccentric with respect to the heat exchanger, rotation
noise of the axial flow fan, especially in a first frequency
range (a first noise component) becomes obvious. In this
kind of shroud, by introducing atmosphere from the open-
ing, pressures in the upstream part of the axial flow fan
become balanced at the smaller-area and larger-area
parts of the shroud air introducing part. As a result, the
rotation noise of the axial flow fan in the first and the third
frequency ranges (the first and the third noise compo-
nents) can be reduced.

[0004] In this shroud, however, because the atmos-
phere is introduced through the opening, the amount of
air passing through the heat exchanger decreases.
Therefore, the performance of the heat exchanger wors-
ens.

[0005] JP-A-6-42498 further proposed a shroud in
which an airflow regulating plate projects radially towards
the inside. This airflow regulating plate is installed in the
smaller-area part of the air introducing part of the shroud.
This structure is effective for decreasing the rotational
noise in the second and fourth frequency ranges (the
second and the fourth noise components), but is not ef-
fective for decreasing the rotation noise in the first fre-
guency range (the first noise component).

[0006] In view of the foregoing problem, it is an object
of the present invention to provide a shroud which ena-
bles to reduce the fan rotation noise in the first frequency
range (the first noise component) without decreasing the
air amount flowing to the heat exchanger. It is another
object of the present invention to provide a blower using
the shroud.

[0007] According to the present invention, a shroud
includes aring portion (210) for surrounding a radial outer
rim of an axial flow fan (100) for blowing air, and an air
introducing part (220) for introducing air to the ring portion
(210). The fan (100) is located opposite to a heat ex-
changer (1) positioned upstream of the fan (100) in an
airflow, and the air introducing part (220) is enlarged from
the ring portion (210) towards upstream in the airflow.
Furthermore, a center of the ring portion (210) is eccentric
with respect to a center of the air introducing part (220).
[0008] In the shroud, the air introducing part (220) has
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a large-area part (220a) and a small-area part (220b)
which are formed due to the eccentrically located ring
portion (210) with respect to the air introducing part (220),
and an airflow regulating plate (221) is provided on the
large-area part (220a) to project toward an upstream side
ofthe airflow and has a circular-arc shape concentric with
the ring portion (210). Accordingly, the airflow regulating
plate (221) restricts the air from flowing to the ring portion
along the wall surface of the larger-area part (220a) of
the air introducing part (220). Therefore, an interference
of an axial airflow with the air flowing along the wall sur-
face of the larger-area part can be suppressed. As a re-
sult, the fan rotation noise in the first frequency range
(thefirstnoise component) can be reduced. Inthe present
invention, no opening is provided in the air introducing
part(220). Therefore, when this shroud is used for a blow-
er for cooling a heat exchanger, the noise can be effec-
tively reduced without reducing the amount of air flowing
towards the heat exchanger.

[0009] Whenaninnerdiameter of the ring portion (210)
is set as D and a length in a circumferential direction of
the circular-arc shaped airflow regulating plate (221) is
setas L, L/D can be set such that 0.34 = L/D = 0.44. In
this case, the fan rotation noise can be further reduced.
[0010] Further, when an inner diameter of the ring por-
tion (210) is set as D and a curvature radius of the circu-
lar-arc shaped airflow regulating plate (221) is set as R,
RID can be set such that 0.57 = R/D = 0.74. Further-
more, a projecting length (h) of the airflow regulating plate
(221) can be set within a range of 7 mm and 12 mm. In
this case, the fan rotation noise can be effectively re-
duced.

[0011] In the present invention, the airflow regulating
plate (221) can be constructed with a single plate, or a
plurality of the airflow regulating plates (221) can be ar-
ranged to be concentric with the ring portion (210).
[0012] Additional objects and advantages of the
present invention will be more readily apparent from the
following detailed description of preferred embodiments
when taken together with the accompanying drawings,
in which:

Fig. 1Ais a front view showing a structure of an axial
flow blower, and Fig. 1B is a schematic sectional
view of Fig. 1A;

Fig. 2 is a schematic sectional view showing a func-
tional effect of an airflow regulating plate in the axial
flow blower;

Fig. 3 is a graph showing the relationship between
fan rotation noise in a first frequency range (a first
noise component) and L/D, when a curvature radius
R is changed within a standard range;

Fig. 4 is a graph showing the relationship between
fan rotation noise in the first frequency range (first
noise component) and L/D, when a projecting length
his changed within a standard range;

Fig. 5is a graph showing the fan rotation noise level
(sound level) with respect to a frequency in a state
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before the present invention is applied; and

Fig. 6 is a schematic sectional view showing an air
flow in an axial flow blower without an airflow regu-
lating plate.

[0013] A preferred embodiment of the present inven-
tion will be described hereinafter with reference to the
appended drawings.

[0014] Inthis embodiment, a shroud 200 of the present
invention is used for an axial flow blower 10 (an electric
fan) for aradiator 1 (heat exchanger). The axial flow blow-
er 10 is formed by assembling an axial flow fan 100 and
a motor 300. Figs. 1A and 1B show the structure of the
axial flow blower 10.

[0015] The axial flow blower 10 (hereinafter blower 10)
is fixed to the radiator 1 for a vehicle at an engine side
with mounting members 230 provided at four corners of
the shroud 200. The blower 10 sends cool air to a core
portion la of the radiator 1. The blower 10 is an air-intake
type blower 10, which draws air from the side of a vehicle
grill to the engine side, that is, from the core portion 1a
of the radiator 1 to the axial flow fan 100.

[0016] The axial flow fan 100 (hereinafter fan) is made
of polypropylene containing about 20% of glass fiber. A
fan boss 110 and blades 120 are integrally formed by an
injection molding.

[0017] Thefanboss 110 is cylindrical-shaped with one
closed end. A metal insert 111 made of aluminum is in-
sert-formed at the center area of the closed end of the
fan boss 110. Further, a shaft slit 112 for receiving a shaft
310 of the motor 300 is provided at the center of the metal
insert 111.

[0018] Several blades 120 (e.g., seven blades, in this
embodiment) extending radially are provided on the outer
circumference of the fan boss 110. Here, the outer diam-
eter of the fan 100 is set at 360mm. As to the outer di-
ameter of the fan 100, it is generally set in a range be-
tween 250mm and 400mm in accordance with its mount-
ability to the vehicle or required air blowing capabilities.
[0019] The shroud 200 is made of polypropylene con-
taining about 25% to 30% of glass fiber and is integrally
formed with a ring portion 210, an air introducing part
220, the mounting portions 230, etc.

[0020] Thering portion 210 is provided for surrounding
the radial outer rim of the fan 100. A motor supporting
portion (not shown) for supporting the motor 300 is pro-
vided downstream of the ring portion 210 in the airflow,
at the inner diameter side of the ring portion 210. A clear-
ance (e.g., 4mm) is ensured between the fan 100 and
the ring portion 210 so as to prevent interference there-
between. In this embodiment, the inner diameter D of the
ring portion 210 is set at 368mm, as an example.
[0021] Theairintroducing part220is enlarged smooth-
ly from the ring portion 210 towards the upstream side
of the airflow (to the side of the radiator 1). The outline
(the outer shape) of the air introducing part 220 is rec-
tangular-shaped to correspond to the shape of the core
portion 1a of the radiator 1. The center of the ring portion
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210 is eccentrically arranged (here, it is eccentrically ar-
ranged atthe right partin Fig. 1) with respect to the center
of the air introducing part 220, so that the shroud 200 is
prevented from interfering with other parts provided in
the vehicle when it is mounted to the vehicle.

[0022] The air introducing part 220 is divided into a
larger-area part 220a (the left partin Fig. 1A) and a small-
er-area part 220b (the right part in Fig. 1A), due to the
eccentric arrangement of the ring portion 210. As shown
in Fig. 1B, the airflow regulating plate 221 is provided on
an inner surface of this larger-area part 220a of the air
introducing part 220.

[0023] The airflow regulating plate 221 is circular-arc
shaped to be concentric with the ring portion 210. The
airflow regulating plate 221 is a plate member having a
thickness of 2mm and projects towards upstream in the
airflow. For example, the airflow regulating plate 221 can
be integrally formed with the larger-area part 220a of the
air introducing part 220. In this embodiment, the airflow
regulating plate 221 is divided into two parts, one is pro-
vided upper and the other is provided below in the vertical
direction of Fig. 1A. For easier understanding of the ex-
planations to follow, the dimensions of the airflow regu-
lating plate 221 are indicated such that, a length in the
circumferential direction is as L, a curvature radius (a
length from the center of the ring portion 210 to the outer
periphery of the airflow regulating plate 221) is as R and
a projecting length is as h.

[0024] The motor 300 is fixed to the motor supporting
portion of the ring portion 210, and shaft 310 of the motor
300 is inserted into the shaft slit 112 of the fan 100 so
that the motor 300 is fixed to the fan 100. Here, the motor
300 is a generally known DC ferrite motor and is con-
nected to a controller (not shown). The controller varies
an average current value by changing a ratio between
ON period and OFF period during which the current is
running through the motor 300. In accordance with the
required cooling capability of the radiator 1, an amount
of airflow is controlled by varying the rotational speed of
the fan 100 which is directly connected to the controller.
In the normal use range of the blower 10, the rotational
speed is set approximately at 1700 rpm.

[0025] In the blower 10 structured as described, the
fan 100 is rotated by the function of the motor 300 and
sends air for cooling towards the core part 1a of the ra-
diator 1 thereby heat radiation from the cooling water of
the radiator 1 is promoted.

[0026] The eccentricity of the ring portion 210 of the
shroud 200 divides the air introducing part 220 into the
larger-area part 220a and the smaller-area part 220b.
Fig. 5 shows a confirmation result when the blower 10 is
attached to the radiator 1 in a state in which the airflow
regulating plate 221 is not provided. As shown in Fig. 5,
the fan rotation noise in the first frequency range of ap-
proximately 200 Hz (first noise component) occurs no-
ticeably. The first noise component is calculated such
that, rotational frequency (28 Hz) of the fan 100 X blade
numbers (7) = the first noise component (200Hz region).
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Thatis, 28 Hz X 7 = 200Hz region. This fan rotation noise
becomes a problem when amplified at the time of being
transmitted to the vehicle. This is considered to happen,
as shown in Fig. 6, because the airflow along the larg-
er-area part 220a of the air introducing part 220 runs
against (interferes) the airflow along the rotational axis
direction of the fan 100 in the region of the ring portion
210.

[0027] Inthe presentinvention, as shown in Fig. 2, the
airflow regulating plate 221 restricts the air from flowing
along the wall surface of the larger-area part 220a of the
air introducing part 220 into the ring portion 210. There-
fore, the interference in the airflow can be reduced there-
by the fan rotation noise in the first frequency range (the
first noise component) can be reduced.

[0028] In Fig. 3, the length in the circumferential direc-
tion of the airflow regulating plate 221 is set as L, the
inner diameter of the ring portion 210 is set as D and the
curvature radius of the airflow regulating plate 221 is set
as R. The fan rotation noise in the first frequency range
(the first noise component) has been examined by vary-
ing Rwith respectto aratio L/D. Here, a projecting length
hof the airflow regulating plate is 7mm. A sufficient noise
reduction effect is obtained when L/Dis within the range
of 0.34 and 0.44, as shown in Fig. 3.

[0029] As to the curvature radius R of the airflow reg-
ulating plate 221, the closer the airflow regulating plate
221 is to the ring portion 210, the better effect in the re-
duction of the rotation noise is obtained. When R is set
at 211mm, the maximum reduction in the noise, which is
around 4.5 dB, is obtained. This effect is obtained even
R up to 271mm. When this effect is considered in view
of the ratio (R/D) of the curvature radius R to the inner
diameter D of the ring portion 210, the sufficient effect
can be obtained when R/Dis within the range of 0.57 and
0.74.

[0030] Also, as shown in Fig. 4, when the projecting
length his changed from 7mm to 12mm (R = 231mm,
251mm), the interference, caused by the airflow along
the larger-area part 220a of the air introducing part 220
running against the airflow into the ring portion 210, is
suppressed. As aresult, the noise can be greatly reduced
(A2.5 to A4 dB).

[0031] In the present invention, since no opening is
provided in the air introducing part 220, the air amount
passing through the core portion 1a of the radiator 1 is
not decreased.

(Other Preferred Embodiments)

[0032] Inthe above-described embodiment, the airflow
regulating plate 221 is explained as the one integrally
provided with the larger-area part 220a of the air intro-
ducing part 220. However, the airflow regulating plate
221 also can be formed independently from the air intro-
ducing part 220, and can be integrated with the air intro-
ducing part 220.

[0033] The outline shape of the air introducing part 220
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is not limited to rectangular, but can be modified to other
shapes such as circular or elliptical shape.

[0034] The airflow regulating plate 221 is not neces-
sarily to be divided into two parts, but can be formed by
a single plate, or can be formed by plural parts more than
two.

[0035] The fan 100 is used for the electric blower 10
rotated by the motor 300. However, an engine fan rotated
by driving force of a vehicular engine can be also used.
[0036] The above embodiment has been explained
with the fan 100 for supplying air to the radiator 1. How-
ever, the fan 100 can be a subject for use in other heat
exchangers such as a condenser for condensing refrig-
erant of an air-conditioner, an oil cooler for cooling oil or
an intercooler for cooling drawn air.

[0037] Such changes and modifications are to be un-
derstood as being within the scope of the present inven-
tion as defined by the appended claims.

Claims
1. A shroud comprising:

aring portion (210) for surrounding a radial outer
rim of an axial flow fan (100) for blowing air, the
fan (100) being located opposite to a heat ex-
changer (1) positioned upstream of the fan (100)
in an airflow; and

an air introducing part (220), for introducing air
to the ring portion (210), enlarged from the ring
portion (210) towards upstream in the airflow,
wherein a center of the ring portion (210) is ec-
centric with respect to a center of the air intro-
ducing part (220), the shroud characterized in
that:

the air introducing part (220) has a large-ar-
ea part (220a) and a small-area part (220b)
which are formed due to the eccentrically
located ring portion (210) with respect to the
air introducing part (220); and

an airflow regulating plate (221) is provided
on the large-area part (220a) to project to-
ward an upstream side of the airflow, and
has a circular-arc shape concentric with the
ring portion (210).

2. A shroud according to claim 1, wherein:
when an inner diameter of the ring portion (210)
is set as D and a length in a circumferential di-
rection of the circular-arc shaped airflow regu-
lating plate (221) is setas L, 0.34 = L/D =0.44.

3. A shroud according to claim 1 or 2, wherein:

when an inner diameter of the ring portion (210)
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is set as D and a curvature radius of the circu-
lar-arc shaped airflow regulating plate (221) is
setas R, 0.57 = RID = 0.74.

A shroud according to any one of claims 1-3, where-
in:

a projecting length (h) of the airflow regulating
plate (221) is within arange of 7 mm and 12 mm.

A shroud according to any one of claims 1-4, where-
in:

the airflow regulating plate (221) isa single plate.

A shroud according to any one of claims 1-4, where-
in:

a plurality of the airflow regulating plates (221)
are arranged to be concentric with the ring por-
tion (210).

A blower comprising:

an axial flow fan (100) for blowing air, the fan
(100) being located opposite to a heat exchang-
er (1) positioned upstream of the fan (100) in an
airflow;

a shroud (200) which includes a ring portion
(210) surrounding a radial outer rim of the axial
flow fan (100), and an air introducing part (220)
for introducing air to the ring portion (210),
wherein the air introducing part is enlarged from
the ring portion (210) towards upstream in the
airflow, and a center of the ring portion (210) is
eccentric with respect to a center of the air in-
troducing part (220), the blower characterized
in that:

the air introducing part (220) has a large-ar-
ea part (220a) and a small-area part (220b)
which are formed due to the eccentrically
located ring portion (210) with respect to the
air introducing part (220); and

an airflow regulating plate (221) is provided
on the large-area part (220a) to project to-
ward an upstream side of the airflow, and
has a circular-arc shape concentric with the
ring portion (210).

8. A blower according to claim 7, wherein:

when an inner diameter of the ring portion (210)
is set as D and a length in a circumferential di-
rection of the circular-arc shaped airflow regu-
lating plate (221) issetas L, 0.34 = L/D =0.44.

9. A blower according to claim 8 or 9, wherein:
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when an inner diameter of the ring portion (210)
is set as D and a curvature radius of the circu-
lar-arc shaped airflow regulating plate (221) is
setas R, 0.57 = RID = 0.74.

10. Ablower accordingto any one of claims 7-9, wherein:

a projecting length (h) of the airflow regulating
plate (221) is within arange of 7 mm and 12 mm.
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FIG. 5
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