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(57) ABSTRACT 

A serial axial fan unit includes first and second axial fans and 
a spacer arranged therebetween and connected thereto. First 
and second impellers respectively provided in the first and 
second axial fans have a diameter in a range from approxi 
mately 25 mm to approximately 200 mm, for example. The 
axial height of the spacer is in a ranged of approximately 1.5 
mm to approximately 8 mm, for example. Due to the spacer, 
the first and second axial fans are spaced apart from each 
other by an appropriate distance. Thus, a harsh noise caused 
by interference occurring when air from the first axial fan 
flows into the second axial fan is reduced. Also, the static 
pressure to airflow volume characteristics of the serial axial 
fan for a given Sound value is improved. 
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SERALAXIAL EAN UNIT 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a serial axial fan unit 
in which a plurality of axial fans are connected in series. 
0003 2. Description of the Related Art 
0004. Many electronic devices use fans for cooling elec 
tronic components therein. Those fans have been required to 
have an improved Static pressure versus flow curve, for 
example, with increases in the heat associated with improve 
ment of the performance of electronic components and 
increases in the density of the arrangement of the electronic 
components associated with size reduction of casing of the 
electronic devices. Serial axial fan units including a plurality 
of fans connected in series have been used in recent years in 
order to ensure a sufficiently high static pressure and a suffi 
ciently large Volume of air. 
0005. However, the serial axial fan units tend to produce a 
lot of noise because of the interference of exhaust air of one 
fan with intake air of an adjacent fan. 

SUMMARY OF THE INVENTION 

0006 To overcome the problems described above, a pre 
ferred embodiment of the present invention provides a serial 
axial fan unit that includes a first axial fan and a second axial 
fan coaxial with each other and arranged in an axial direction 
parallel or substantially parallel to a center axis thereof, and a 
spacer arranged between the first axial fan and the second 
axial fan. Each of the first axial fan and the second axial fan 
includes an impeller having a plurality of blades which are 
arranged around the center axis to extend away from the 
center axis, a motor portion arranged to rotate the impeller, 
and a housing Surrounding the impeller from outside in a 
radial direction perpendicular or Substantially perpendicular 
to the center axis. The spacer includes a wall portion attached 
to the housing of each of the first axial fanand the secondaxial 
fan. The wall portion defines a space therein in which air 
flows. A radius of the impeller of each of the first axial fan and 
the second axial fan is preferably in a range of about 12.5 mm 
and about 100 mm, for example. An axial height of the spacer 
is preferably in a range of about 1.5 mm to about 8 mm, for 
example. 
0007. Other features, elements, advantages and character 

istics of the present invention will become more apparent 
from the following detailed description of preferred embodi 
ments thereof with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a perspective view of a serial axial fan unit 
according to a first preferred embodiment of the present 
invention. 
0009 FIG.2 is a cross-sectional view of the serial axial fan 
unit according to the first preferred embodiment of the 
present invention, taken along a plane containing a center axis 
thereof. 

0010 FIG. 3 is a plan view of a first axial fan of the serial 
axial fan unit according to the first preferred embodiment of 
the present invention. 
0.011 FIG. 4 is a bottom view of a second axial fan of the 
serial axial fan unit according to the first preferred embodi 
ment of the present invention. 
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0012 FIG.5 is a plan view of a spacer of the serial axial fan 
unit according to the first preferred embodiment of the 
present invention. 
0013 FIG. 6 is an enlarged cross-sectional view of a por 
tion around boundaries between a first housing and a spacer 
and between the spacer and a second housing in the serial 
axial fan unit according to the first preferred embodiment of 
the present invention. 
0014 FIG. 7 is an exploded perspective view of the serial 
axial fan unit according to the first preferred embodiment of 
the present invention. 
(0015 FIG. 8 is a perspective view of the first axial fan 
according to the first preferred embodiment of the present 
invention. 
0016 FIG. 9 is a perspective view of the spacer according 
to the first preferred embodiment of the present invention. 
(0017 FIG. 10 is another perspective view of the spacer 
according to the first preferred embodiment of the present 
invention. 

0018 FIG. 11 is a perspective view of the second axial fan 
according to the first preferred embodiment of the present 
invention. 

0019 FIG. 12 illustrates the connection of the spacer and 
the first axial fan to each other in the first preferred embodi 
ment of the present invention. 
0020 FIG. 13 illustrates the connection of the spacer and 
the first axial fan to the second axial fan in the first preferred 
embodiment of the present invention. 
0021 FIG. 14 shows a relationship between a static pres 
sure and an air flow rate according to the first preferred 
embodiment of the present invention. 
0022 FIG. 15 shows changes in the static pressure and the 
air flow rate with a change in the spacer height according to 
the first preferred embodiment of the present invention. 
0023 FIG. 16 is an exploded perspective view of a serial 
axial fan unit according to a second preferred embodiment of 
the present invention. 
0024 FIG. 17 is a cross-sectional view of the serial axial 
fan unit according to the second preferred embodiment of the 
present invention, taken along a plane containing its center 
axis. 

0025 FIG. 18 is a cross-sectional view of an example of a 
first Supporting rib, a second Supporting rib, and a spacer rib. 
0026 FIG. 19 is a cross-sectional view of another example 
of the first Supporting rib, the second Supporting rib, and the 
spacer rib. 
0027 FIG. 20 is a cross-sectional view of a serial axial fan 
unit according to a third preferred embodiment of the present 
invention. 

0028 FIG. 21 is an exploded perspective view of the serial 
axial fan unit according to the third preferred embodiment of 
the present invention. 
0029 FIG. 22 is a perspective view of the serial axial fan 
unit according to the third preferred embodiment of the 
present invention. 
0030 FIG. 23 is an exploded perspective view of the serial 
axial fan unit according to a fourth preferred embodiment of 
the present invention. 
0031 FIG. 24 is a cross-sectional view of the serial axial 
fan unit according to the fourth preferred embodiment of the 
present invention, taken along a plane containing its center 
axis. 
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0032 FIG.25 is a cross-sectional view of a first supporting 
rib and a spacer rib according to the fourth preferred embodi 
ment of the present invention. 
0033 FIG. 26 is an enlarged cross-sectional view of a first 
housing, a second housing, and a spacer of an exemplary 
variation of the aforementioned preferred embodiments of 
the present invention. 
0034 FIGS. 27 and 28 illustrate another engagement 
structure for the serial axial fan unit. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0035) Referring to FIGS. 1 through 28, preferred embodi 
ments of the present invention will be described in detail. It 
should be noted that in the explanation of the present inven 
tion, when positional relationships among and orientations of 
the different components are described as being up/down or 
left/right, positional relationships and orientations that are in 
the drawings are indicated. Positional relationships among 
and orientations of the components once having been 
assembled into an actual device are not indicated. In addition, 
in the following description, an axial direction indicates a 
direction parallel or Substantially parallel to a center axis, and 
a radial direction indicates a direction perpendicular or Sub 
stantially perpendicular to the center axis. 

First Preferred Embodiment 

0036 FIG. 1 is a perspective view of a serial axial fan unit 
1 according to a first preferred embodiment of the present 
invention. The serial axial fan unit 1 is provided to cool the 
inside of an electronic device, e.g., a server. The serial axial 
fan unit 1 includes a first axial fan 2 and a second axial fan 3 
arranged coaxially with each other. In the present preferred 
embodiment, the first axial fan2 is arranged above the second 
axial fan 3, as shown in FIG.1. The serial axial fan unit 1 also 
includes a spacer 4 axially arranged between the first and 
secondaxial fans 2 and 3 and connected to the first and second 
axial fans 2 and 3. A first lead wire group 91 including a 
plurality of lead wires is connected to the first axial fan 2, 
while a second lead wire group 92 including a plurality of lead 
wires is connected to the second axial fan 3. The first and 
second lead wire groups 91 and 92 are arranged to extend 
along the outer side surface of the first axial fan 2 and are then 
drawn upward therefrom as shown in FIG.1. Outside the first 
axial fan 2 (above in FIG. 1), the first and second lead wire 
groups 91 and 92 are bound by a binding member 93 and are 
then connected to an external power Supply (not shown). 
0037 FIG.2 is a cross-sectional view of the serial axial fan 
unit 1, taken along a plane containing a center axis J1 thereof. 
In the present preferred embodiment, the serial axial fan unit 
1 is a counter-rotating type fan in which the first and second 
axial fans 2 and 3 rotate about the center axis J1 in opposite 
directions to each other. In the serial axial fan unit 1, the first 
and second axial fans 2 and 3 are arranged such that a first 
impeller 21 and first supporting ribs 24 of the first axial fan 2 
and second supporting ribs 34 and a second impeller 31 of the 
second axial fan 3 are arranged from top to bottom in that 
order along the center axis J1. When the first and second 
impellers 21 and 31 are rotated, air is taken into the serial axial 
fan unit 1 from above in FIG. 1 (i.e., from above the first axial 
fan 2) and is sent downward in FIG. 1 (i.e., to below the 
second axial fan 3). Since the first and second impellers 21 
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and 31 are rotated in opposite directions to each other, a 
Sufficient Volume of air can be ensured and a static pressure 
can be increased. 
0038. In the following description, an axial direction and a 
radial direction are defined as a direction Substantially paral 
lel to the center axis J1 and a direction substantially perpen 
dicular to the center axis J1, respectively. The upper side in 
FIG. 1 from which air is taken into the serial axial fan unit 1 
may be referred to as an “inlet side', and the lower side in 
FIG. 1 to which air is sent out may be referred to as an “outlet 
side'. Please note that the “up' and “down” in the axial 
direction are not always coincident with “up' and “down” in 
the direction of gravity. 
0039 FIG. 3 is a plan view of the first axial fan 2 when 
viewed from the inlet side of the serial axial fan unit 1. As 
shown in FIGS. 2 and 3, the first axial fan 2 includes a first 
motor portion 22, a first impeller 21 which can be rotated 
about the center axis J1 by the first motor portion 22 to create 
an airflow flowing approximately along the axial direction, a 
first housing 23 surrounding the first impeller 21 from radi 
ally outside, and four first Supporting ribs 24 Supporting the 
first motor portion 22. The first impeller 21, the first motor 
portion 22, and the first Supporting ribs 24 are arranged inside 
the first housing 23. The first Supporting ribs 24 are arranged 
around the center axis J1 to extend from the first motor por 
tion 22 outward in the radial direction and are connected to 
the inner side surface 231 of the first housing 23. Please note 
that FIG. 2 merely shows the general shapes of first blades 
211 of the first impeller 21 and the first supporting ribs 24 on 
both sides of the center axis J1 for the sake of convenience. 
Moreover, in FIG. 2, the first motor portion 22 is shown larger 
than actual and parallel lines for representing a cross section 
of a component is omitted. This is the same in the diagrams of 
the second axial fan 3 and serial axial fan units of other 
preferred embodiments. 
0040. The first impeller 21 includes a cup 212 covering the 
outside of the first motor portion 22. In the present preferred 
embodiment, the cup 212 preferably is cylindrical or approxi 
mately cylindrical about the center axis J1 and is open at a 
lower end. The first impeller 21 also includes a plurality of 
first blades 211 arranged on the outer side surface of the cup 
212 around the center axis J1. In the present preferred 
embodiment, preferably seven first blades 211 are arranged at 
regular angular intervals, for example. The first blades 211 
extend outward in the radial direction. The diameter of the 
first impeller 21 preferably is in a range from approximately 
25 mm to approximately 200 mm, for example, in the present 
preferred embodiment. Please note that the diameter of the 
first impeller 21 preferably is approximately twice as large as 
a distance between a radially outermost portion of the first 
blade 211 and the center axis J1. In the present preferred 
embodiment, the cup 212 is made of resin and the first blades 
211 are also made of resin. The cup 212 and the first blades 
211 are formed as one body by injection molding, for 
example. 
0041 Referring to FIG. 2, the first motor portion 2 
includes a first rotor portion 222 as a rotating assembly and a 
first stationary portion 221 as a stationary assembly. The first 
rotor portion 222 is supported to be rotatable about the center 
axis J1 relative to the first stationary portion 221 by a bearing 
unit which will be described later. 

0042. The first rotor portion 222 includes a hollow yoke 
2221 and a field-generating magnet 2222 attached to the 
inside of the yoke 2221. In the present preferred embodiment, 
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the yoke 2221 is cylindrical or approximately cylindrical 
around the center axis J1 and open at a lower end. The yoke 
2221 is made of metal as a magnetic material. The field 
generating magnet 222 is also cylindrical or approximately 
cylindrical around the center axis J1, for example. The first 
rotor portion 222 also includes a shaft 2223 extending down 
ward from a central portion of a top portion of the yoke 2221. 
The first rotorportion 222 is integral with the first impeller 21 
and covers the yoke 2221 by the cup 212. 
0043. The first stationary portion 221 includes a base por 
tion 2211 having an opening at or around its center when 
viewed along the axial direction, a hollow bearing holder 
2212 projecting upward from around the center of the base 
portion 2211, and an armature 2213 attached to the outer 
surface of the bearing holder 2212. In the present preferred 
embodiment, the bearing holder 2212 is approximately cylin 
drical about the center axis J1. To the base portion 2211 are 
connected the first Supporting ribs 24 which are connected to 
the inner side surface 231 of the first housing 23. Thus, the 
base portion 2211 is supported by the inner side surface 231 
of the first housing 23 via the first supporting ribs 24, and 
Supports other components of the first stationary portion 221. 
In the present preferred embodiment, the first base portion 
2211, the first supporting ribs 24, and the first housing 23 are 
made integral with one another by injection molding of resin, 
for example. 
0044 As shown in FIG. 2, a circuit board 2214 is arranged 
below the armature 2213 of the first stationary portion 221. In 
the present preferred embodiment, the circuit board 2214 has 
an approximately annular plate shape. The circuit board 2214 
has a control circuit for controlling the armature 2213 which 
is electrically connected to the armature 2213 and also to the 
first lead wire group 91 (see FIG. 1). The armature 2213 is 
opposed to the field-generating magnet 2222 in the radial 
direction. When a driving current is supplied to the armature 
2213 through the control circuit of the circuit board 2214, a 
torque centered on the center axis J1 is generated between the 
armature 2213 and the field-generating magnet 2222. 
0045. Inside the bearing holder 2212, ball bearings 2215 
and 2216 defining a bearing unit are arranged in an upper 
region and a lower region in the axial direction, respectively. 
The shaft 2223 inserted into the bearing holder 2212 is rotat 
ably supported by the ball bearings 2215 and 2216. 
0046 FIG. 4 shows the second axial fan 3 when viewed 
from the outlet side of the serial axial fan unit 1. That is, FIG. 
4 is a bottom view of the second axial fan 3 when the first and 
second axial fans 2 and 3 are arranged as shown in FIG. 2. 
Referring to FIGS. 2 and 4, the second axial fan 3 includes a 
second motor portion 32 and a second impeller 31 which can 
be rotated about the center axis J1 by the second motor por 
tion32. The second axial fan 3 also includes a second housing 
33 surrounding the second impeller 31 and four second Sup 
porting ribs 34 which support the second motor portion 32. In 
the second axial fan 3, the second impeller 31, the second 
motor portion 32, and the second Supporting ribs 34 are 
arranged inside the second housing 33, as in the first axial fan 
2. The second Supporting ribs 34 are arranged around the 
center axis J1 to extend from the second motor portion 32 
outward in the radial direction and are connected to the inner 
side surface 331 of the second housing 33. 
0047. As shown in FIG. 2, the second motor portion 32 
preferably has substantially the same structure as the first 
motor portion 22 except that the motor structure is turned 
upside down. 
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0048. A second stationary portion 321 of the second motor 
portion 32 includes a base portion 3211, a hollow bearing 
holder 3212 projecting downward from around the center of 
the base portion 3211, ball bearings 3215 and 3216 disposed 
in an upper region and a lower region inside the bearing 
holder 3212, and an armature 3213 attached to the outer 
surface of the bearing holder 3212. In the present preferred 
embodiment, the bearing holder 3212 is cylindrical or 
approximately cylindrical around the center axis J1. 
0049. A circuit board 3214 is arranged above the armature 
3213. The circuit board 3214 has a control circuit which is 
connected to an external power Supply by the second lead 
wire group 92 (see FIG. 1). 
0050. A second rotor portion 322 of the second motor 
portion 32 includes a hollow yoke 3221, which is centered on 
the center axis J1 in the present preferred embodiment, a 
field-generating magnet 3222 secured to the inside of the 
yoke 3221, and a shaft 3223 projecting upward from a center 
of the yoke 3221. The field-generating magnet 3222 is cylin 
drical or approximately cylindrical around the center axis J1 
in the present preferred embodiment. The field-generating 
magnet 3222 is opposed to the armature 3213 in the radial 
direction and, a torque centered on the center axis J1 is gen 
erated between the field-generating magnet 3222 and the 
armature 3213 when a driving current is supplied to the arma 
ture 3213 via the control circuit of the circuit board 3214. 

0051 Referring to FIGS. 2 and 4, the second impeller 31 
includes a cup 312 covering the outer surface of the yoke 
3221, and a plurality of second blades 311 arranged around 
the center axis J1 outside the cup 312 to extend outward in the 
radial direction. In the present preferred embodiment, pref 
erably five second blades 311, for example, are provided on 
the outer side surface of the cup 312 and are arranged at 
regular circumferential intervals. Moreover, the cup 312 and 
the second blades 311 are integral with each other to define 
the second impeller 31 by being molded from resin in the 
present preferred embodiment. The diameter of the second 
impeller 31 is substantially the same as the first impeller 21, 
i.e., is preferably within a range from approximately 25 mm 
to approximately 200 mm, for example. Please note that the 
diameter of the second impeller 31 preferably is approxi 
mately twice as large as a distance between a radially outer 
most portion of the second blade 311 and the center axis J1 in 
the radial direction. Since the second impeller 31 is rotated 
about the center axis J1 in the opposite direction to the direc 
tion of rotation of the first impeller 21, an airflow is created by 
rotation of the second impeller 31 which flows in approxi 
mately the same direction as the airflow created by rotation of 
the first impeller 21. In this manner, air is sent to the outside 
the serial axial fan unit 1. 

0052 FIG. 5 is a plan view of the spacer 4 when viewed 
from the inlet side of the serial axial fan unit 1. In FIG. 5, the 
second lead wire group 92 is shown together with the spacer 
4. The spacer 4 is made of a material which can absorb or 
reduce vibration transferred between the first and second 
axial fans 2 and 3, e.g., a material which can be deformed 
more easily than the material of the housings 23 and 33. 
Examples of the material are rubber and porous resin. The 
spacer 4 is a hollow member that is connected at its top and 
bottom Surfaces to the first housing 23 and the second housing 
33, respectively, as shown in FIGS. 2 and 5. The spacer 4 
includes a wall portion 41 defining a space therein. The top 
surface of the wall portion 41 is in contact with the bottom 
surface of the first housing 23 over its entire circumference. 



US 2008/0286 135 A1 

Similarly, the bottom surface of the wall portion 41 is in 
contact with the top surface of the second housing 33 over its 
entire circumference. The first housing 23 and the spacer 4 are 
connected to each other so that the boundary therebetween is 
closed in a sealing manner. Also, the second housing 33 and 
the spacer 4 are connected to each other so that the boundary 
therebetween is closed in a sealing manner. Thus, it is pos 
sible to prevent leakage of airflowing in the space defined by 
the wall portion 41 from the first axial fan 2 to the secondaxial 
fan 3, to the outside. 
0053 FIG. 6 is an enlarged cross-sectional view of a por 
tion around the boundaries between the first housing 23 and 
the spacer 4 and between the second housing 33 and the 
spacer 4. As shown in FIG. 6, a lower edge (i.e., a spacer 4 side 
edge) of the inner side surface 231 of the first housing 23 
(hereinafter, referred to as a first housing edge 2311) is sub 
stantially coincident with an upper edge (i.e., a first housing 
23 side edge) of the inner side surface 411 of the wall portion 
41 (hereinafter, referred to as a first spacer edge 4111). Simi 
larly, an upper edge (i.e., a spacer 4 side edge) of the inner side 
surface 331 of the second housing 33 (hereinafter, referred to 
as a second housing edge 3311) is Substantially coincident 
with a lower edge (i.e., a second housing 33 side edge) of the 
inner side surface 411 of the spacer 4 (hereinafter, referred to 
as a second spacer edge 4112). Thus, the inner side Surface 
411 of the spacer 4 is continuous with the inner side surface 
231 of the first housing 23 and the inner side surface 331 of the 
second housing 33. Therefore, resistance to air flow passing 
through the spacer 4 is reduced. 
0054 FIG. 7 is an exploded perspective view of the serial 
axial fan unit 1. In FIG. 7, the first and second lead wire 
groups 91 and 92 are not shown. As shown in FIG. 7, an upper 
end portion 232 (i.e., an inlet-side end portion) and a lower 
end portion 233 (i.e., an outlet-side end portion) of the first 
housing 23 define a flange. That is, both of the end portions 
232 and 233 project radially outward from other portions of 
the first housing at least at corners of the first housing 23. Both 
of the end portions 232 and 233 preferably have an approxi 
mately square outer shape when viewed along the axial direc 
tion in the present preferred embodiment. The first housing 23 
is shaped such that an imaginary outer shape 234 defined by 
imaginarily connecting the outer peripheries of the both end 
portions 232 and 233 to each other in the axial direction 
preferably is an approximately quadrangular prism, as shown 
with chain double-dashed line in FIG. 7. Also in the second 
axial fan 3, an upper end portion 332 (i.e., an inlet-side end 
portion) and a lower end portion333 (i.e., an outlet-side end 
portion) of the second housing 33 define a flange, and pref 
erably have an approximately square outer shape when 
viewed along the axial direction. An imaginary outer shape 
334 of the second housing 33, which is defined by imaginarily 
connecting the outer peripheries of the end portions 332 and 
333 to each other in the axial direction, is preferably in the 
form of an approximately quadrangular prism, as shown in 
FIG. 7 with chain double-dashed line. Hereinafter, the imagi 
nary outer shapes 234 and 334 of the first and second housings 
23 and 33 are simply referred to as the outer shapes 234 and 
334 thereof, respectively. Moreover, an outer shape 412 of the 
spacer 4 preferably is also approximately square so as to be 
substantially aligned with the outer shapes of both the first 
and second housings 23 and 33 adjacent to the spacer 4, i.e., 
the outer shape of the lower end portion 223 of the first 
housing 23 and the outer shape of the upper end portion 332 
of the second housing 33. 
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0055. The first housing 23 is provided with a guiding 
portion 235 at the nearest corner 2341 of the outer shape 234 
of the first housing 23 in FIG. 7. The guiding portion guides 
the lead wire groups 91 and 92 (see FIG. 1) parallel to or 
approximately parallel to the center axis J1 to the inlet side of 
the first housing 23 without allowing the lead wire groups 91 
and 92 to protrude beyond the outer shape 234 of the first 
hosing 23, and then guides them to the outside of the first 
housing 23. The guiding portion 235 has a first guiding por 
tion 2351 provided for the first lead wire group 91 and a 
second guiding portion 2352 provided for the second lead 
wire group 92 at two side Surfaces forming the nearest corner 
2341, respectively. The first guiding portion 2351 guides the 
first lead wire group 91, while the second guiding portion 
2352 guides the second lead wire group 92. The first guiding 
portion 2351 is provided with hooks 2321 and 2331 at the 
upper and lower end portions 232 and 233 of the first housing 
23, respectively. Similarly, the second guiding portion 2352 is 
provided with hooks 2322 and 2332 at the upper and lower 
end portions 232 and 233 of the first housing 23, respectively. 
0056. The spacer 4 is also provided with a guiding portion 
42 for guiding the second lead wire group 92 from the second 
motor portion 32 (see FIG. 2) to the inlet side of the first 
housing 23 without allowing the second lead wire group 92 to 
protrude beyond the outer shape 412 of the spacer 4, as shown 
in FIGS. 5 and 7. The guiding portion 42 is arranged at the 
corner 4122 of the spacer 4 which is axially covered by the 
nearest corner 2341 of the first housing 23. Moreover, the 
spacer 4 is provided with a hook 4121 to radially cover the 
guiding portion 42. In a state where the spacer 4 and the first 
housing 23 are connected to each other, the second guiding 
portion 2352 of the guiding portion 235 of the first housing 23 
is located immediately above and adjacent to the guiding 
portion 42 of the spacer 4 in the axial direction. With this 
configuration, the second lead wire group 92 is guided to the 
first housing 23 via the spacer 4. 
0057 Returning to FIG. 1, in the serial axial fan unit 1, the 

first lead wire group 91 extending from the inside of the first 
axial fan 2 is guided approximately parallel to the center axis 
J1 by the first guiding portion 2351 of the guiding portion 235 
of the first housing 23, and is finally drawn from the inlet side 
of the first housing 23 to the outside. Since the hooks 2321 and 
2331 provided at both axial ends of the first guiding portion 
2351 catch the first the lead wire group 91, the first lead wire 
group 91 can be prevented from protruding beyond the outer 
shape 234 of the first housing 23 (see FIG. 7). The second lead 
wire group 92 extending from the inside of the second axial 
fan 3 is guided to the second guiding portion 2352 of the 
guiding portion 235 of the first housing 23 via the guiding 
portion 42 of the spacer 4, is then guided approximately 
parallel to the center axis J1 by the second guiding portion 
2352, and is finally drawn from the inlet side of the first 
housing 23 to the outside. Since the hooks 2322 and 2332 
provided at both the axial ends of the second guiding portion 
2352 and the hook 4121 provided on the guiding portion 42 of 
the spacer 4 catch the second lead wire group 92, the second 
lead wire group 92 can be prevented from protruding beyond 
the outer shape 234 of the first housing 23 (see FIG. 7). 
0058 FIG. 8 is a perspective view of the first axial fan 2, in 
which the lower end portion 233 of the first housing 23 is 
shown. FIG. 9 is a perspective view of the spacer 4, in which 
the upper portion of the spacer 4 is shown. As shown in FIGS. 
8 and 9, the lower end portion 233 of the first housing 23 is 
provided with an engagement portion at each of four corners 
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2341 of the outer shape 234 of the first housing 23. That is, 
portions of the first housing 23 which are closest to the spacer 
4 form the engagement portions, respectively. Hereinafter, 
those engagement portions are referred to as first housing 
engagement portions 236a, 236b, 236c, and 236d. Similarly, 
the upper portion 413 of the spacer 4, which is the closest to 
the first housing 23, is provided with an engagement portion 
at each of four corners 4122 of the outer shape 412 of the 
spacer 4. Hereinafter, those engagement portions of the 
spacer 4 are referred to as first spacer engagement portions 
43a, 43b, 43c, and 43d. Each of the first spacer engagement 
portions 43a, 43b, 43c, and 43d can engage with an associated 
one of the first housing engagement portions 236a, 236b, 
236c, and 236d. In the following description, the first housing 
engagement portions 236a, 236b, 236c, and 236d are collec 
tively referred to as “the first housing engagement portions 
236', and the first spacer engagement portions 43a, 43b, 43c, 
and 43d are collectively referred to as “the first spacer engage 
ment portions 43. 
0059 Referring to FIG.9, at the nearer corners 4122 of the 
outer shape 412 of the spacer 4 are arranged the first spacer 
engagement portions 43a, 43b, and 43d, respectively. The 
first spacer engagement portion 43a projects upward from the 
upper portion 413 of the spacer 4 and includes a projection 
431 provided at its tip. The projection 431 projects toward the 
first spacer engagement portion 43b. The first spacer engage 
ment portions 43b and 43d project upward from the upper 
portion 413 and include projections 432 and 433 provided at 
their tips, respectively. The projections 432 and 433 project 
toward the first spacer engagement portion 43c. 
0060 Returning to FIG. 8, at the other three corners 2341 
of the outer shape 234 of the first housing 23, the first housing 
engagement portions 236a, 236b, and 236d are arranged and 
have approximately L-shaped grooves which can engage with 
the first spacer engagement portions 43a, 43b, and 43d, 
respectively. Referring to FIG. 8, at the farthest corner 2341 
of the outer shape 234 of the first housing 23, the first housing 
engagement portion 236c includes two projections 2364 and 
2365 which project downward from the lower end portion 
233. Each projection 2364 or 2365 has an approximately L 
shape at its tip. The projections 2364 and 2365 are arranged 
such that they get closer to each other as they move toward the 
tips of the approximately L-shaped portions. The first spacer 
engagement portion 43c at the farthest corner 4122 of the 
outer shape 412 of the spacer 4 is provided with two concave 
portions 434 and 435. The concave portions 434 and 435 are 
arranged to engage with the projections 2364 and 2365 of the 
first housing engagement portion 236c, respectively. 
0061 FIG. 10 is another perspective view of the spacer 4, 
in which the lower portion 414 of the wall portion 41 is 
shown. The lower portion 414, which is closest to the second 
housing 33, is provided with engagement portions having 
Substantially the same shape as the first housing engagement 
portions 236 (see FIG. 8) of the lower end portion 233 of the 
first housing 23. Those engagement portions of the lower 
portion 414 are hereinafter referred to as second spacer 
engagement portions 44. At three corners 4122 of the spacer 
4, other than the farthest corner, the second spacer engage 
ment portions 44a, 44b, and 44d are provided in the form of 
grooves. At the farthest corner 4122, the second spacer 
engagement portion 44c is provided to have two projections 
444 and 445 projecting downward from the lower portion 
414. The projections 444 and 445 are arranged such that they 
get closer to each other as they move toward their tips. 
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0062 FIG. 11 is a perspective view of the second axial fan 
3. In the upper end portion 332 of the second housing 33. 
which is the closest to the spacer 4, is provided with engage 
ment portions of Substantially the same shape as the first 
spacer engagement portions 43 (see FIG. 9) of the upper 
portion 413 of the spacer 3. Those engagement portions of the 
upper end portion 332 are hereinafter referred to as second 
housing engagement portions 335. At the farthest corner 
3341, the second housing engagement portion 335c having 
two concave portions 3354 and 3355 are provided. At two of 
the other three corners 3341, the second housing engagement 
portions 335b and 335d are arranged to project upward from 
the upper end portion 332 and have projections 3352 and 
3353 extending toward the second housing engagement por 
tion 335c, respectively. At the remaining one corner, the sec 
ond housing engagement portion 335a projects upward from 
the upper end portion 332 and has a projection 3351 extend 
ing toward the second housing engagement portion 335b. 
0063 FIG. 12 schematically illustrates a manner of con 
necting the first axial fan 2 and the spacer 4 to each other. 
When the first housing 23 and the spacer 4 are joined to each 
other, the outer shape of the lower end portion 233 of the first 
housing 23 and the upper portion 413 of the spacer 4 are 
arranged to be diagonally displaced from each other. Then, 
the first housing 23 is shifted relative to the spacer 4 in a 
direction from the farthest corner 2341 of the outer shape 234 
to the nearest corner 2341, i.e., a direction shown with arrow 
100. Thus, the projections 431,432, and 433 of the first spacer 
engagement portions 43a, 43b, and 43d (see FIG. 9) engage 
with the first housing engagement portions 236a, 236b, and 
236d in the form of grooves at the nearer three corners 2341 
of the first housing 23. At the farthest corner 2341, the pro 
jections 2364 and 2365 of the first housing engagement por 
tion 236c (see FIG. 8) come into contact with the concave 
portions 434 and 435 of the first spacer engagement portion 
43c (see FIG. 9). In this manner, the first spacer engagement 
portions 43 and the first housing engagement portions 236 
engage with each other, respectively. Accordingly, the first 
housing 23 and the spacer 4 are connected to each other in a 
detachable manner. 

0064 FIG. 13 illustrates a manner of connecting the first 
axial fan 2 and the spacer 4 connected to each other to the 
second axial fan 3. Similar to connecting the first axial fan 2 
and the spacer 4 to each other, the first housing 23 and the 
spacer 4 are arranged relative to the second housing 33 Such 
that the outer shape of the lower portion 414 of the wall 
portion 41 of the spacer 4 is diagonally displaced from the 
outer shape of the upper end portion 332 of the second hous 
ing 33. Then, the first housing 23 and the spacer 4 connected 
to each other are shifted relative to the second housing 33 in 
a direction from the farthest corner 4122 to the nearest corner 
4122 of the spacer 4, i.e., a direction shown with arrow 101. At 
the nearer corners 4122 of the spacer 4, the projections 3351, 
3352, and 3353 of the second housing engagement portions 
335a, 335b, and 335d (see FIG. 11) engage with the second 
spacer engagement portions 44a, 44b, and 44d, respectively. 
At the farthest corner 4122., the projections 444 and 445 of the 
second spacer engagement portion 44c (see FIG. 10) come 
into contact with the concave portions 3354 and 3355 of the 
second housing engagement portion 335c (see FIG. 11). In 
this manner, the second spacer engagement portions 44 
engage with the second housing engagement portions 335. 
respectively. Consequently, the second housing 33 and the 
spacer 4 are connected to each other in a detachable manner. 
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0065 FIG. 14 shows the static pressure versus flow curves 
obtained for five serial axial fan units 1 in which the axial 
height of the spacer 4 is different from one another, and the 
static pressure versus flow curves obtained for another serial 
axial fan unit having no spacer. In all of the six serial axial fan 
units for which the measurement was performed, the radius of 
the first impeller and the second impeller was about 43 mm. In 
FIG. 14, curve 81 in chain double-dashed line, curve 82 in 
large broken line, curve 83 in solid line, curve 84 in chain 
dashed line, and curve 85 in small broken line represent the 
measurement results for the serial axial fan units 1 having the 
spacer 4 of the axial height of 1.57 mm, 3.18 mm, 4.47 mm, 
6.31 mm, and 7.90 mm, respectively. Curve 86 in solid line 
represents the measurement result for the serial axial fan unit 
having no spacer. 
I0066. When the air flow rate was about 1 mm/minor less, 
the values were different between the curves. That is, the 
order of the curves was varied. On the other hand, when the air 
flow rate exceeded about 1 mm/min, the static pressure value 
of curve 83 was the highest and curve 84 was the second 
highest. Curves 82 and 85 were at approximately the same 
leveland lower than curve 84. Curve 81 was lower than curves 
82 and 85. Curve 86 was the lowest. Thus, the measurement 
results show that the serial axial fan units 1 including the 
spacer 4 having an axial height in a range from about 1.5 mm 
to about 8 mm provide improved static pressure versus flow 
curves, as compared with the serial axial fan unit having no 
Spacer. 

0067 FIG. 15 is a graph obtained by plotting the static 
pressure values of the respective curves 81 to 86 on the X-axis 
in FIG. 14 and the air flow rate values of those curves on the 
Y-axis are plotted against the axial heighto the spacer 4. The 
largest air flow rates and the highest static pressure corre 
sponding thereto were plotted against the axial height of the 
spacer 4 in FIG. 15. In the description of FIG. 15, the largest 
airflow rate and the highest static pressure are simply referred 
to as the “flow rate' and the “static pressure', respectively. 
Curve 87, obtained by connecting black squares and shown 
with solid line, represents the change in the flow rate with the 
change in the axial height of the spacer 4. Curve 88, obtained 
by connecting black triangles and shown with broken line, 
represents the change in the static pressure. As shown in FIG. 
15, the flow rate was the largest when the axial height of the 
spacer 4 was approximately 5 mm, while the static pressure 
was the highest when the axial height of the spacer 4 was 
approximately 6 mm to approximately 7 mm. From those 
results, the serial axial fan unit 1 can have the most preferable 
static pressure versus flow curve when the axial height of the 
spacer 4 is in a range from approximately 5 mm to approxi 
mately 7 mm. 
0068. As described above, the serial axial fan unit 1 of the 
present preferred embodiment includes the spacer 4 between 
the first axial fan 2 and the second axial fan 3, and therefore, 
the first axial fan 2 and the secondaxial fan 3 are spaced apart 
from each other by an appropriate distance. In other words, 
the distance between the first impeller 21 and the second 
impeller 31 is increased to an appropriate distance. With this 
configuration, a harsh noise caused by interference occurring 
when air enters the second axial fan 3 from the first axial fan 
2 is reduced. Thus, for a given Sound value, it is possible to 
increase the rotation speeds of the first and second impellers 
21 and 31. In this case, when the axial height of the spacer 4 
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is in the range of about 1.5 mm to about 8 mm, the static 
pressure versus flow curve of the serial axial fan unit 1 is 
improved. 
0069. Moreover, in the measurements producing the 
results shown in FIGS. 14 and 15, the radius of the first and 
second impellers 21 and 31 was about 43 mm. However, even 
when the radius of the impellers 21 and 31 is changed within 
a range from about 12.5 mm to about 100 mm, which is a 
typical range for the radius of fans used for cooling the inside 
of an electronic device, the first axial fan 2 and the second 
axial fan 3 can be spaced apart from each other by an appro 
priate distance as long as the spacer 4 having the axial height 
of the aforementioned range is provided between the first and 
second axial fans 2 and 3. Thus, the interference noise can be 
improved. In a case where the characteristics of fans are 
compared on the basis of the sound value, the rotation speed 
of the first and second axial fans 2 and 3 can be increased by 
an amount corresponding to the reduction in the interference 
noise. Consequently, the static pressure versus flow curve of 
the serial axial fan unit 1 can be improved. 
0070 Moreover, the inner side surface 411 of the spacer 4, 
the inner side surface 231 of the first housing 23, and the inner 
side surface 331 of the second housing 33 are continuously 
connected to each other in the serial axial fan unit 1 of the 
present preferred embodiment, as shown in FIG. 6. Thus, the 
occurrence of turbulence in the air flow passing through the 
spacer 4 can be prevented, which further reduces the noise. In 
addition, since the spacer 4 is made of a vibration-proof 
member, interference of the vibrations of the motor portions 
22 and 32 with each other (and resonance) can be reduced, 
which further reduces the noise. It should be noted that the 
material of the spacer 4 is not limited to a material which 
prevents, absorbs, or reduces vibration. For example, a resin 
such as PBT can be used. In this case, it is also possible to 
reduce the sound value of the serial axial fan unit and improve 
the static pressure versus flow curve thereof. Furthermore, 
since the rotation directions of the first impeller 21 and the 
second impeller 31 are opposite to each other, a harsh noise 
can be further reduced. 
0071. In the serial axial fan unit 1 of the present preferred 
embodiment, the first housing 23 and the spacer 4 have to be 
shifted relative to each other in the diagonal direction in order 
to separate them from each other. Thus, it is much less likely 
that, when another component is placed inside an electronic 
device, a force which causes the separation of the first housing 
23 and the spacer 4 from each other is applied to the first 
housing 23 and/or the spacer 4 because of contact with a hand 
or the other component. In other words, unwanted or unin 
tentional separation of the first housing 23 and the spacer 4 
from each other can be prevented. Similarly, in order to sepa 
rate the spacer 4 and the second housing 33 from each other, 
at least one of the spacer 4 and the second housing 33 have to 
be shifted relative to the other in the diagonal direction of the 
spacer 4. Thus, for the reasons described above, unwanted or 
unintentional separation of the spacer 4 and the second hous 
ing 33 from each other can be prevented. 
0072 Moreover, since the first and second axial fans 2 and 
3 are connected to the spacer 4 in a detachable manner, it is 
possible to replace the spacer 4 with another spacer 4 having 
a different axial height. Thus, the axial height of the entire 
serial axial fan unit 1 can be easily changed. 
0073. Furthermore, the first spacer engagement portions 
236 of the first housing 23 and the second spacer engagement 
portions 44 of the spacer 4 have substantially the same shape 
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as each other, and the first spacer engagement portions 43 of 
the spacer 4 and the second housing engagement portions 335 
of the second housing 33 have substantially the same shape as 
each other. Thus, even if the spacer 4 must to be omitted in 
order to reduce the axial height of the serial axial fan unit 1, it 
is possible to directly connect the first and secondaxial fans 2 
and 3 to each other. 

Second Preferred Embodiment 

0074 FIG. 16 is an exploded perspective view of a serial 
axial fan unit 1a according to a second preferred embodiment 
of the present invention. A spacer 4a of the serial axial fan unit 
1a of the present preferred embodiment includes the structure 
of the spacer 4 of the first preferred embodiment and addi 
tionally includes a central portion 45 and spacer ribs 451. The 
central portion 45, which has a substantially circular plate 
shape, for example, is arranged at a central portion of the 
space defined by the wall portion 41. The spacer ribs 451 are 
arranged around the center axis J1 to extend from the central 
portion 45 outward in the radial direction, and are connected 
to the wall portion 41. In the present preferred embodiment, 
four spacer ribs 451 are provided. The spacer 4a is made of 
material which prevents, absorbs, or reduces vibration as in 
the first preferred embodiment. This is the same in the fol 
lowing preferred embodiments. The number of the first Sup 
porting ribs 24 (see FIG. 8) of the first axial fan 2 and the 
number of the second supporting rib 34 of the secondaxial fan 
3 are the same as the number of the spacer rib 451 of the 
spacer 4a. Thus, in the present preferred embodiment, four 
first Supporting ribs 24 and four second Supporting ribs 34 
preferably are provided, for example. Except for the spacer 
4a, the serial axial fan unit 1a of the present preferred embodi 
ment preferably has substantially the same structure as that of 
the first preferred embodiment. Thus, in the serial axial fan 
unit 1a of the present preferred embodiment, similar compo 
nents identified with the same reference characters and the 
detailed description thereof is omitted. 
0075. In the serial axial fan unit 1a, the first axial fan 2 and 
the secondaxial fan 3 can be arranged to be spaced apart from 
each other due to the spacer 4a by an appropriate distance. 
Thus, interference noise which is generated when air from the 
first axial fan 2 enter the second axial fan 3 can be reduced. 
Consequently, for a given Sound value, the rotation speeds of 
the first and second axial fans 2 and 3 can be increased as in 
the first preferred embodiment. This contributes to an 
improved static pressure versus flow curve of the serial axial 
fan unit 1 a. 
0.076 FIG. 17 is a cross-sectional view of the serial axial 
fan unit 1a of the present preferred embodiment, taken along 
a plane containing the center axis J1. FIG. 18 is a cross 
sectional view of the first Supporting rib 24, the second Sup 
porting rib 34, and the spacer rib 451, taken along a plane 
perpendicular or Substantially perpendicular to the direction 
in which those ribs 24, 34, and 451 extend. As shown in FIG. 
17, the central portion 45 of the spacer 4a is arranged between 
the first motorportion 22 of the first axial fan 2 and the second 
motor portion 32 of the second axial fan 3. As shown in FIG. 
18, the spacer rib 451 is arranged between the first supporting 
rib 24 and the second supporting rib 34. The cross sections of 
those three ribs are aligned in a straight line inclined to the 
axial direction. The bottom surface 241 of the first supporting 
rib 24 and the top surface 341 of the second supporting rib 34 
are displaced from each other in the circumferential direction. 
The top surface 4511 of the spacer rib 45 is in contact with the 
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bottom surface 241 of the first supporting rib 24 with their 
contours being Substantially aligned with each other. Simi 
larly, the bottom surface 4512 of the spacer rib 451 is in 
contact with the top surface 341 of the second supporting rib 
34 with their contours being substantially aligned with each 
other. Each of the four spacer ribs 451 is arranged between an 
associated one of the first Supporting ribs 24 and an associated 
one of the second Supporting ribs 34 over its entire length. 
Thus, turbulence in an air flow can be prevented from occur 
ring between the first Supporting ribs 24 and the second Sup 
porting ribs 34, and therefore, the noise can be reduced. 
(0077 FIG. 19 shows another exemplary spacer rib in the 
present preferred embodiment. In the spacer rib 451 a shown 
in FIG. 19, the cross section thereof perpendicular to the 
extending direction thereof extends parallel or substantially 
parallel to the axial direction. The top surface 4511 of the 
spacer rib 451a is substantially aligned with the bottom sur 
face 241 of the first supporting rib 24. The bottom surface 
4512 of the spacer rib 451a is substantially aligned with the 
top surface 341 of the second supporting rib 34. With this 
configuration, the occurrence of turbulence in an airflow can 
be prevented between the first supporting ribs 24 and the 
second Supporting ribs 34, and therefore, the noise can be 
reduced. Moreover, the spacer rib 451a in the example of FIG. 
19 has a shape such that the cross section perpendicular to the 
extending direction thereofis parallel or substantially parallel 
to the axial direction. Thus, even if the axial height of the 
spacer 4 is changed, the spacer ribs 451 a can be brought into 
contact with the associated first and second Supporting ribs 24 
and 34, respectively, without changing the circumferential 
positions of the first and second Supporting ribs 24 and 34. 

Third Preferred Embodiment 

0078 FIG. 20 is a cross-sectional view of a serial axial fan 
unit 1b according to a third preferred embodiment of the 
present invention. In the serial axial fan unit 1b, a secondaxial 
fan 3a has a structure obtained by turning the arrangement of 
the second impeller 31 and the second motor portion 32 of the 
second axial fan 3 of the first preferred embodiment upside 
down. Except for the structure of the second axial fan unit3a, 
the serial axial fan unit 1b preferably has substantially the 
same structure as that of the first preferred embodiment. Thus, 
similar components are identified with the same reference 
characters and the detailed description thereof is omitted. In 
the serial axial fan unit 1b, the first impeller 21 and the first 
Supporting ribs 24 of the first axial fan 2, the spacer 4, and the 
second impeller 31 and the second supporting ribs 34 of the 
second axial fan 3a are arranged along the center axis J1 in 
that order from top to bottom. 
(0079 FIG. 21 is an exploded perspective view of the serial 
axial fan 1b. The upper end portion 332 (i.e., the spacer 4 side 
end portion) of the second housing 33 of the secondaxial fan 
3a is provided with second housing engagement portions 335 
having Substantially the same shape as the first spacer engage 
ment portions 43 provided in the upper portion of the spacer 
4. The second housing engagement portions 335 engage with 
the second spacer engagement portions 44 provided in the 
lower portion of the spacer 4, thereby connecting the second 
housing 33 and the spacer 4 to each other. 
0080 FIG. 22 shows the serial axial fan unit 1b with the 

first and second lead wire groups 91 and 92 connected thereto. 
The circuit board 3214 (see FIG. 20) of the second axial fan 
3a is arranged near the outlet side end of the second axial fan 
3a. Thus, the second lead wire group 92 connected to the 
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circuit board 3214 are arranged to extend from the inside of 
the second housing 33 at or near the lower end of the second 
housing 33. The second housing 33 is provided with the 
second guiding portion 336 for guiding the second lead wire 
group 92 to the first housing 23 substantially parallel to the 
center axis J1. The second guiding portion 336 is arranged at 
the nearest corner 3341 of the second housing 33 between the 
inner side surface 331 (see FIG. 20) and the outer shape 334 
of the second housing 33. When the spacer 4 and the second 
housing 33 are connected to each other, the guiding portion 42 
of the spacer 4 is located immediately above and adjacent to 
the second guiding portion 336 of the second housing 33 in 
the axial direction. The second lead wire group 92 extend 
along the second housing 33 and the spacer 4 and are guided 
to the first housing 23. The second lead wire group 92 extend 
ing from the second axial fan 3 is caught by hooks 3322 and 
3332 provided at upper and lower axial ends of the second 
guiding portion 336 of the second housing 33, thereby being 
prevented from protruding beyond the outer shape 334 of the 
second housing 33. The second lead wire group 92 is also 
prevented from protruding beyond the outer shape 412 of the 
spacer 4 and the outer shape 234 of the first housing 23 by the 
hooks 2322, 2332, and 4121 provided in the second guiding 
portion 2352 of the first housing 23 and the spacer guiding 
portion 42. 
0081. In the serial axial fan unit 1b of the present preferred 
embodiment, the first axial fan 2 and the second axial fan 3a 
can be arranged to be spaced apart from each other by the 
spacer 4 by an appropriate distance, as in the aforementioned 
preferred embodiments. Thus, the interference noise gener 
ated when air from the first axial fan 2 enters the second axial 
fan 3a can be reduced. In accordance with the reduced inter 
ference noise, the rotation speeds of the first and second axial 
fans 2 and 3a can be increased. Therefore, the static pressure 
versus flow curve of the serial axial fan unit 1b can be 
improved. 

Fourth Preferred Embodiment 

0082 FIG. 23 is an exploded perspective view of a serial 
axial fan unit 1c according to a fourth preferred embodiment 
of the present invention. FIG. 24 is a cross-sectional view of 
the serial axial fan unit 1c, taken along a plane containing the 
center axis J1. The serial axial fan unit 1c of the present 
preferred embodiment includes a spacer 4b which preferably 
has substantially the same structure of the spacer 4a of the 
serial axial fan unit 1a of the second preferred embodiment. 
That is, the spacer 4b includes inside the wall portion 41 the 
central portion 45 axially covered by the first motor portion 
22 when the first axial fan 2 and the spacer 4b are connected 
to each other, and the spacer ribs 451. In the present preferred 
embodiment, the number of the spacer ribs 451 is four as in 
the second preferred embodiment, and the number of the first 
supporting ribs 24 (see FIG. 8) of the first axial fan 2 is also 
four. Except for the spacer 4b, the serial axial fan unit 1c 
preferably has substantially the same structure as the serial 
axial fan unit 1b of the third preferred embodiment. Thus, 
similar components are identified with the same reference 
characters and the detailed description thereof is omitted. In 
the present preferred embodiment, due to the spacer 4b, the 
interference noise can be reduced and the static pressure 
Versus flow curve for a given Sound value can be improved. 
0083 FIG. 25 is a cross-sectional view of the spacer rib 
451 and the first Supporting rib 24, taken along a plane per 
pendicular to the extending direction thereof. The cross sec 
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tions of those ribs 451 and 24 are straight and inclined with 
respect to the axial direction. As shown in FIGS. 24 and 25, 
the top surface 4511 of the spacer rib 451 is substantially 
aligned with the bottom surface 241 of the first supporting rib 
24. Each of the spacer ribs 451 is in contact with an associated 
one of the first supporting ribs 24 over its entire length. With 
this configuration, the spacer ribs 451 can adjust an air flow 
without causing turbulence in air flowing into the spacer 4b. 
I0084. The first to fourth preferred embodiments of the 
present invention are described above. However, the present 
invention is not limited thereto and may be modified in vari 
ous ways. For example, as shown in FIG. 26, the inner side 
surface 411 of the wall portion 41 of the spacer 4 may be 
located radially outside the inner side surface 231 of the first 
housing 23 and the inner side surface 331 of the second 
housing 33. In other words, the upper edge 4111 of the inner 
side surface 411 may be located radially outside the lower 
edge 2311 of the inner side surface 231 of the first housing 23, 
while the lower edge 4112 of the inner side surface 411 may 
be located radially outside the upper edge 3311 of the inner 
side surface 331 of the second housing 33. Even in this con 
figuration, it is possible to reduce the amount of air delivered 
from the first axial fan 2 which hits the inner side surface 411 
of the spacer 4. Thus, air turbulence can be prevented and the 
noise can be reduced. 

I0085. In the aforementioned preferred embodiments, the 
first housing 23, the second housing 33, and the spacer 4, 4a, 
or 4b are preferably connected to each other by the engage 
ment structure shown in FIGS. 8 to 11. Alternatively, another 
engagement structure shown in FIGS. 27 and 28 may be used. 
I0086 FIG. 27 is an enlarged cross-sectional view of the 
boundary between the first housing 23 and the spacer 4 and 
the boundary between the spacer 4 and the second housing 33. 
FIG. 28 is a view of the portion shown in FIG. 27 when 
viewed from the right. The first housing 23 includes at a 
portion of the lower end portion 231 a first housing engage 
ment portion 237 projecting from the remaining portion of the 
lower end portion 231. The first housing engagement portion 
237 includes a convex portion 2371 at the end thereof, as 
shown in FIG. 27. Similarly, the second housing 33 includes 
at a portion of the upper end portion 331 a second housing 
engagement portion 337 projecting from the remaining por 
tion of the upper end portion 331. The second housing 
engagement portion 337 includes a convexportion3371 at the 
end thereof. The spacer 4 includes a first spacer engagement 
portion 461 and a second spacer engagement portion 462 as 
portions of the wall portion 41. Concave portions 4611 and 
4621 provided in the first and second spacer engagement 
portions 461 and 462 are arranged to engage with the convex 
portion 2371 of the first housing engagement portion 237 and 
the convex portion 3371 of the second housing engagement 
portion33, respectively, when the spacer 4 is connected to the 
first and second housings 23 and 33. With this configuration, 
the first housing 23, the second housing 33, and the spacer 4 
are connected to each other in a detachable manner. 

I0087. In the aforementioned preferred embodiments, the 
engagement structure is described in which the first housing 
23 is preferably shifted relative to the spacer 4 in the diagonal 
direction thereof. However, the engagement structure for 
joining two objects is not limited thereto. For example, 
engagement may be achieved by rotating at least one of the 
first housing 23 and the spacer 4 about an axis Substantially 
parallel to the center axis J1 relative to the other. 
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0088 Moreover, in addition to the engagement structure, a 
fixing element such as a screw, a rivet, or a clip may be used 
to fix the first housing 23, the second housing 33, and the 
spacer 4 to each other. 
0089. In the aforementioned preferred embodiments, the 

first lead wire group 91 and the second lead wire group 92 are 
preferably individually guided to the inlet side of the first 
housing 23 by the first guiding portion 2351 and the second 
guiding portion 2352 of the guiding portion 235 provided at 
the corner 2341 of the first housing 23, respectively. However, 
both of the first and second lead wire groups 91 and 92 may be 
guided by a single guiding portion provided in the first hous 
ing 23, as long as those lead wire groups 91 and 92 do not 
protrude beyond the outer shape 234 of the first housing 23. 
Moreover, the outer shape of a portion of the first housing 23 
between the upper end portion 232 and the lower end portion 
233 may be approximately square similar to the end portions 
232 and 233. Similarly, the outer shape of a portion of the 
second housing 33 between the upper end portion 332 and the 
lower end portion 333 may be approximately square similar 
to the end portions 332 and 333. 
0090. In the aforementioned preferred embodiments, the 
spacer 4, 4a, or 4b is preferably in contact with the first and 
second housings 23 and 33 over its entire circumference. 
However, only a portion of the spacer 4, 4a, or 4b may be in 
contact with the first and second housings 23 and 33 as long 
as the static pressure versus flow curve of the serial axial fan 
unit is not reduced. 
0091. In the second preferred embodiment, the spacer ribs 
451 preferably are in contact with the first supporting ribs 24 
and the second Supporting ribs 34 over their entire length. 
However, it is not necessary that the spacer ribs 451 are in 
contact with the first Supporting ribs 24 and the second Sup 
porting ribs 34. That is, the spacer rib 451 may be arranged 
close to the first Supporting ribs 24 and the second supporting 
ribs 34. Similarly, in the fourth preferred embodiment, the 
spacer ribs 451 may be arranged close to the first Supporting 
ribs 24 and the second Supporting ribs 34, instead of being in 
contact therewith. 
0092. The numbers of the first supporting ribs 24, the 
second supporting ribs 34, and the spacer ribs 451 are not 
limited to those described in the aforementioned preferred 
embodiments. 

0093. In the serial axial fan units of the aforementioned 
preferred embodiments, the first impeller 21 of the first axial 
fan 2 and the second impeller 31 of the second axial fan 3 may 
be rotated in the same direction as each other. Moreover, the 
serial axial fan units in the aforementioned preferred embodi 
ments may be modified so that air is taken in from the second 
axial fan 3 side and is discharged from the first axial fan2 side. 
More specifically, in order to create an air flow from the 
second axial fan 3 to the first axial fan 2, the shape and the 
arrangement of the blades of each impeller and the rotation 
direction of each impeller can be changed. In this case, the 
lead wire group is drawn to the outside of the serial axial fan 
unit from the outlet side. Furthermore, the serial axial fan 
units in the aforementioned preferred embodiments may be 
modified to additionally include at least one axial fan and/or 
at least one spacer which are arranged in the axial direction 
coaxially with the first and second axial fans 2 and 3. 
0094. As described above, according to the preferred 
embodiments of the present invention, an interference noise 
generated when air from one of the fans enters another fan in 
a serial axial fan unit can be reduced. This contributes to an 

Nov. 20, 2008 

improvement in the static pressure versus flow curve of the 
serial axial fan unit. Moreover, according to the preferred 
embodiments, it is possible to easily change the axial height 
of the serial axial fan unit. 
(0095 While preferred embodiments of the present inven 
tion have been described above, it is to be understood that 
variations and modifications will be apparent to those skilled 
in the art without departing the scope and spirit of the present 
invention. The scope of the present invention, therefore, is to 
be determined solely by the following claims. 
What is claimed is: 
1. A serial axial fan unit comprising: 
a first axial fan and a second axial fan coaxial with each 

other and arranged in an axial direction Substantially 
parallel to a center axis thereof, and 

a spacer arranged between the first axial fan and the second 
axial fan; wherein 

each of the first axial fan and the second axial fan includes: 
an impeller having a plurality of blades which are 

arranged around the center axis so as to extend away 
from the center axis; 

a motor portion arranged to rotate the impeller, 
a housing Surrounding the impeller from outside in a 

radial direction Substantially perpendicular to the cen 
ter axis; 

the spacer includes a wall portion connected to the housing 
of each of the first axial fan and the second axial fan, the 
wall portion defining a space therein in which air flows: 

a radius of the impeller of each of the first axial fan and the 
second axial fan is in a range of approximately 12.5 mm 
to approximately 100 mm; and 

an axial height of the spacer is in a range from approxi 
mately 1.5 mm to approximately 8 mm. 

2. The serial axial fan unit according to claim 1, wherein the 
axial height of the spacer is in a range from approximately 5 
mm to approximately 7 mm. 

3. The serial axial fan unit according to claim 1, wherein 
an inner side surface of the wall portion of the spacer 

includes a first spacer edge adjacent to the first axial fan 
and a second spacer edge adjacent to the second axial 
fan; 

an inner side Surface of the housing of the first axial fan 
includes a first housing edge adjacent to the spacer, and 
an inner side Surface of the housing of the second axial 
fan includes a second housing edge adjacent to the 
spacer, and 

the first spacer edge is Substantially aligned with or radially 
outward of the first housing edge, and the second spacer 
edge is Substantially aligned with or radially outward of 
the second housing edge. 

4. The serial axial fan unit according to claim3, wherein the 
first spacer edge is Substantially aligned with the first housing 
edge, and the second spacer edge is Substantially aligned with 
the second housing edge. 

5. The serial axial fan unit according to claim 1, wherein 
each of the first axial fan and the second axial fan further 
includes a plurality of Supporting ribs arranged around the 
center axis, the Supporting ribs extending outward from the 
corresponding motor portion in the radial direction and being 
connected to the corresponding housing, and the impeller and 
the Supporting ribs of the first axial fanand the Supporting ribs 
and the impeller of the second axial fan are arranged in the 
axial direction in that order. 
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6. The serial axial fan unit according to claim 5, wherein 
the spacer includes a central portion and a plurality of 

spacer ribs arranged around the center axis; 
the central portion is arranged between the motor portion 

of the first axial fan and the motor portion of the second 
axial fan; and 

the spacer ribs extend outward from the central portion in 
the radial direction and are connected to the wall portion, 
and each of the spacer ribs is arranged between a corre 
sponding one of the Supporting ribs of the first axial fan 
and a corresponding one of the Supporting ribs of the 
second axial fan over Substantially its entire length. 

7. The serial axial fan unit according to claim 1, wherein 
each of the first axial fan and the second axial fan further 

includes a plurality of Supporting ribs arranged around 
the center axis, the Supporting ribs extending outward 
from the corresponding motorportion in the radial direc 
tion and being connected to the corresponding housing: 
and 

the impeller and the supporting ribs of the first axial fan and 
the impeller and the Supporting ribs of the second axial 
fan are arranged in the axial direction in that order. 

8. The serial axial fan unit according to claim 7, wherein 
the spacer includes a central portion and a plurality of 

spacer ribs arranged around the center axis; 
the central portion is arranged between the motor portion 

of the first axial fan and the motor portion of the second 
axial fan; and 

the spacer ribs extend outward from the central portion in 
the radial direction and are connected to the wall portion, 
and each of the spacer ribs is arranged between a corre 
sponding one of the Supporting ribs of the first axial fan 
and a corresponding one of the Supporting ribs of the 
second axial fan over its entire length. 

9. The serial axial fan unit according to claim 1, wherein the 
impeller of the first axial fan and the impeller of the second 
axial fan are rotated in opposite directions relative to each 
other. 

10. The serial axial fan unit according to claim 1, wherein 
the spacer is made of a material that absorbs or reduces 
vibration transferred between the first axial fan and the sec 
ond axial fan. 
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11. The serial axial fan unit according to claim 1, wherein 
the housing of each of the first axial fan and the second 

axial fan is provided with a housing engagement portion 
at a portion thereof adjacent to the spacer, 

the wall portion is provided with a first spacer engagement 
portion at a portion thereof adjacent to the first axial fan 
and a second spacer engagement portion at a portion 
thereof adjacent to the second axial fan; and 

the first spacer engagement portion and the second spacer 
engagement portion engage with the housing engage 
ment portion of the first axial fan and the housing 
engagement portion of the second axial fan, respec 
tively, to connect the housing of the first axial fan and the 
housing of the secondaxial fan to the spacer in a detach 
able manner. 

12. The serial axial fan unit according to claim 11, wherein 
the housing engagement portion of the first axial fan and the 
second spacer engagement portion have Substantially the 
same shape as each other, and the first spacer engagement 
portion and the housing engagement portion of the second 
axial fan have Substantially the same shape as each other. 

13. The serial axial fan unit according to claim 1, wherein 
both axial end portions of the housing have an approxi 

mately square outer shape; 
the spacer has an approximately square outer shape which 

is substantially aligned with the outer shape of the end 
portions of the housing of each of the first axial fan and 
the second axial fan; 

the spacer is provided with a spacer guiding portion guid 
ing a lead wire group from the second axial fan to the 
first axial fan, the spacer guiding portion being arranged 
between an inner side surface and the outer shape of the 
spacer, and 

the housing of the first axial fan is provided with a housing 
guiding portion guiding the lead wire group Substan 
tially parallel to the center axis to outside of the first axial 
fan, the housing guiding portion being arranged between 
an inner side surface and the outer shape of the housing 
of the first axial fan. 
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