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(54) Counter-rotating axial flow fan

(57) A counter-rotating axial flow fan (1) in which the
shape of stationary blades (17) of a middle stationary
portion (19) is optimized to reduce noise is provided. De-
fining the maximum axial chord length of front blades (11)
as Lf, the maximum axial chord length of rear blades (23)
as Lr, and the maximum axial chord length of stationary
blades (17) as Lm, a relationship of Lm/(Lf + Lr) < 0.14
is satisfied. Defining the maximum dimension between
the blade chord (C) for lower surfaces (17B) of the sta-
tionary blades (17) and the lower surfaces (17B) as K1,
the maximum axial chord length Lm of the stationary
blades (17) satisfies a relationship of Lm/K1 > 5.8.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a counter-ro-
tating axial flow fan with a front impeller and a rear im-
peller configured to rotate in opposite directions to each
other.

BACKGROUND ART

[0002] A conventional counter-rotating axial flow fan
is disclosed in Japanese Patent No. 4128194. The coun-
ter-rotating axial flow fan includes a casing including an
air channel having a suction port on one side in an axial
direction and a discharge port on the other side in the
axial direction, a front impeller including a plurality of front
blades and configured to rotate in the air channel, a rear
impeller including a plurality of rear blades and config-
ured to rotate in the air channel, and a middle stationary
portion formed by a plurality of stationary blades or struts
disposed to be stationary between the front impeller and
the rear impeller in the air channel.
[0003] In the counter-rotating axial flow fan, the front
impeller, the rear impeller, and the middle stationary por-
tion are elaborately shaped to reduce noise. However,
thorough studies on the relationship between the middle
stationary portion and noise have not been made so far.

SUMMARY OF THE INVENTION

[0004] An object of the present invention is to provide
a counter-rotating axial flow fan in which the shape of
stationary blades of a middle stationary portion is opti-
mized to reduce noise.
[0005] A counter-rotating axial flow fan improved by
the present invention includes: a casing including an air
channel having a suction port on one side in an axial
direction and a discharge port on the other side in the
axial direction; a front impeller including a plurality of front
blades and configured to rotate in the air channel; a rear
impeller including a plurality of rear blades and config-
ured to rotate in the air channel in a direction opposite to
a direction of rotation of the front impeller; and a middle
stationary portion disposed between the front impeller
and the rear impeller in the air channel. The middle sta-
tionary portion includes a hub which is disposed to be
stationary between the front impeller and the rear impel-
ler in the air channel and to which a motor section con-
figured to drive the front impeller and the rear impeller is
fixed, and a plurality of stationary blades coupled to an
outer peripheral surface of the hub and an inner periph-
eral surface of the casing and disposed at intervals in a
circumferential direction of the air channel.
[0006] In the counter-rotating axial flow fan according
to the present invention, defining the maximum axial
chord length of the front blades (the maximum length of
the front blades as measured along the axial direction)

as Lf, the maximum axial chord length of the rear blades
(the maximum length of the rear blades as measured
along the axial direction) as Lr, and the maximum axial
chord length of the stationary blades (the maximum
length of the stationary blades as measured along the
axial direction) as Lm, Lf, Lr, and Lm each being a positive
integer, a relationship of Lm/(Lf + Lr) < 0.14 is satisfied.
In the present invention, defining the rotational direction
of the front impeller as a forward rotational direction, sur-
faces of the stationary blades facing the forward rotation-
al direction as upper surfaces, and surfaces of the sta-
tionary blades facing a direction opposite to the forward
rotational direction as lower surfaces, the upper surfaces
and the lower surfaces of the stationary blades are curved
to be convex toward the forward rotational direction.
Moreover, the stationary blades are formed such that the
axial chord length thereof becomes larger from an inner
end located on the hub side toward an outer end located
on the casing side. Further, defining the maximum di-
mension between the blade chord for the lower surfaces
and the lower surfaces as K1, the stationary blades are
formed such that the maximum dimension K1 becomes
larger from the inner end toward the outer end and a
relationship of Lm/K1 > 5.8 is satisfied.
[0007] The above relationships have been found by
the inventors as a result of study on a relationship that
reduces noise produced by a counter-rotating axial flow
fan. The conventional or existing counter-rotating axial
flow fans do not satisfy the above relationships. It has
been verified that a counter-rotating axial flow fan that
satisfies the above relationships may reduce noise com-
pared to the existing counter-rotating axial flow fans. The
present invention has been made on the basis of such
verifications. If the above relationships are satisfied, it
may be possible to effectively prevent or restrain flow
separation of a fluid from the stationary blades, thereby
reducing noise, the fluid being discharged from the front
blades and flowing along the surfaces of the stationary
blades.
[0008] While the above effect can be obtained by sat-
isfying the above relationships, it is preferable that the
stationary blades are shaped such that the maximum di-
mension K1 becomes closer to zero toward the hub, in
addition to the above relationships. With this configura-
tion, noise can be further reduced.
[0009] Preferably, the plurality of stationary blades are
disposed at equidistant intervals in the circumferential
direction. If this requirement is met, noise can be reduced
compared to when the requirement is not met.
[0010] If lead wires are exposed in a space in which a
fluid flows, the presence of the lead wires increases
noise. Thus, preferably, a plurality of lead wires extending
from the motor section pass inside at least one of the
stationary blades to be pulled out of the casing. Alterna-
tively, a plurality of lead wires extending from the motor
section may be pulled out of the casing with the lead
wires being in close contact with a side or lower surface
of at least one of the stationary blades. With this config-
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uration, the work of installing the lead wires is facilitated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

Fig. 1 schematically shows the configuration of a
counter-rotating axial flow fan according to an em-
bodiment of the present invention.
Fig. 2 is a plan view of an example of stationary
blades used in the embodiment as viewed from the
side of front blades.
Fig. 3 shows the profile of a cross section taken along
line J-J’ of Fig. 2.
Fig. 4 illustrates the structure and the effect of sta-
tionary blades with streamlines shown around the
respective blades.
Fig. 5 shows the noise - air flow characteristics for
small and large values of K1.
Figs. 6A and 6B are each a cross-sectional view il-
lustrating an exemplary structure in which thin lead
wires are installed in a stationary blade.
Fig. 7A illustrates a structure in which a flexible print-
ed wiring board is used in place of the lead wires,
and Fig. 7B shows the flexible printed wiring board.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] A counter-rotating axial flow fan according to
an embodiment of the present invention will be described
below with reference to the drawings. Fig. 1 schemati-
cally shows the configuration of a counter-rotating axial
flow fan 1 according to the embodiment, in which only a
cylindrical casing 3 is shown in cross section. The casing
3 includes an air channel 9 having a suction port 5 on
one side in an axial direction of an axial line X and a
discharge port 7 on the other side in the axial direction.
The casing 3 may be formed by assembling two divided
casings which make a dividing plane at a center in the
axial direction of the casing 3 wherein the two divided
casings are assembled. The dividing plane extends in
the direction orthogonal to the axial line X. A front impeller
15 comprises a hub 13 and a plurality of front blades 11
fixed to the hub 13, and is disposed inside the air channel
9 at the side of the suction port 5. The plurality of front
blades 11 are disposed at equidistant intervals in the cir-
cumferential direction of the hub 13. An end of each of
the front blades 11 is fixed to an outer peripheral portion
of the hub 13. A rotor of a front motor serving as a drive
source for the front impeller 15 is fixed inside the hub 13.
A middle stationary portion 19 includes a plurality of sta-
tionary blades 17, and is disposed in a center portion of
the air channel 9. One end of each of the plurality of
stationary blades 17 is fixed to an outer peripheral portion
of a hub 21, and the other end of each of the stationary
blades 17 is fixed to an inner wall portion of the casing
3. The hub 21 is structured to include a partition wall
portion (not shown) provided in a center portion of a cy-

lindrical portion 21A. A stator of the front motor mentioned
above is fixed to the partition wall portion (not shown) of
the hub 21. The plurality of stationary blades 17 are dis-
posed on an outer peripheral portion of the cylindrical
portion 21A of the hub 21 at equidistant intervals in the
circumferential direction. A rear impeller 27 comprises a
plurality of rear blades 23 and a hub 25, and is disposed
inside the air channel 9 at the side of the discharge port
7. The plurality of rear blades 23 are disposed at equi-
distant intervals in the circumferential direction of the hub
25. An end of each of the rear blades 23 is fixed to an
outer peripheral portion of the hub 25. A rotor of a rear
motor serving as a drive source for the rear impeller 27
is fixed inside the hub 25. A stator of the rear motor is
fixed to the partition wall portion (not shown) of the hub
21 of the middle stationary portion 19.
[0013] In the counter-rotating axial flow fan 1 according
to the embodiment, defining the number of the front
blades 11 as N, the number of the stationary blades 17
as M, and the number of the rear blades 23 as P, N, M,
and P each being a positive integer, and defining the
maximum axial chord length of the front blades 11 (the
maximum length of the front blades 11 as measured
along the axial direction of the axial line X) as Lf, the
maximum axial chord length of the rear blades 23 (the
maximum length of the rear blades 23 as measured along
the axial direction of the axial line X) as Lr, the maximum
axial chord length of the stationary blades 17 (the max-
imum length of the stationary blades 17 as measured
along the axial direction of the axial line X) as Lm, the
outside diameter of the front blades 11 (the maximum
diameter of the front impeller 15 including the front blades
11 as measured in the radial direction orthogonal to the
axial direction) as Rf, and the outside diameter of the rear
blades 23 (the maximum diameter of the rear impeller 27
including the rear blades 23 as measured in the radial
direction orthogonal to the axial direction) as Rr, Lf, Lr,
Lm, Rf, and Rr each being a positive integer, a relation-
ship of Lm/(Lf + Lr) < 0.14 is satisfied. While the number
N of the front blades 11, the number M of the stationary
blades 17, and the number P of the rear blades 23 pref-
erably satisfy a relationship of N ≥ P > M, this relationship
is not essential to the present invention.
[0014] The embodiment adopts a design concept for
reducing loss caused by the stationary blades 17 as much
as possible. In the embodiment, the relationship of N ≥
P > M is added to obtain the effect of reducing loss caused
by the rear blades 23 and to enable the rear blades 23
to work to rectify a swirling flow (to cause the rear
blades23 to also work to do what the ordinary stationary
blades do). In the design concept for reducing loss
caused by the stationary blades 17 as much as possible,
the relationship of Lm/ (Lf + Lr) < 0.14 defines the upper
limit of the maximum axial chord length Lm of the sta-
tionary blades 17. There are no counter-rotating axial
flow fans known in the art wherein the value of Lm/ (Lf +
Lr) is less than 0.14. Thus, the defined upper limit is pro-
vided to exclude the counter-rotating axial flow fans
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known in the art from the present invention, rather than
to set a critical limit to the maximum axial chord length
Lm of the stationary blades 17.
[0015] Fig. 2 is a plan view of an example of the sta-
tionary blades 17 used in the embodiment as viewed from
the side of the front blades 13. Fig. 3 shows the profile
of a cross section taken along line J-J’ of Fig. 2. Fig. 4
illustrates the structure and the effect of the stationary
blades 17 with streamlines shown around the respective
blades. Defining the rotational direction of the front im-
peller 15 as a forward rotational direction, surfaces of the
stationary blades 17 facing the forward rotational direc-
tion as upper surfaces 17A, and surfaces of the stationary
blades 17 facing a direction opposite to the forward ro-
tational direction as lower surfaces 17B, the upper sur-
faces 17A and the lower surfaces 17B of the stationary
blades 17 are curved to be convex toward the forward
rotational direction. The stationary blades 17 are formed
such that the axial chord length L thereof becomes larger
from an inner end 17C located on the hub 21 side toward
an outer end 17D located on the casing 3 side. Further,
defining the maximum dimension between the blade
chord C for the lower surfaces 17B and the lower surfaces
17B as K1, the stationary blades 17 are formed such that
the maximum dimension K1 becomes larger from the in-
ner end 17C toward the outer end 17D. In the stationary
blades 17 the maximum axial chord length Lm of the sta-
tionary blades 17 and the maximum dimension K1 satisfy
a relationship of Lm/K1 > 5.8. The relationship of Lm/K1
> 5.8 has been found through testing. According to the
test results, a counter-rotating axial flow fan in which the
relationship of Lm/(Lf + Lr) < 0.14 is satisfied and in which
the stationary blades 17 are formed such that the maxi-
mum dimension K1 becomes larger from the inner end
17C toward the outer end 17D tended to produce larger
noise as Lm/K1 becomes larger, and to produce smaller
noise as Lm/K1 becomes smaller. The relationship of
Lm/K1 > 5.8 is specified, on the basis of such tendencies,
as a range in which noise is reduced compared to the
existing counter-rotating axial flow fans. In view of the
design concept of the stationary blades 17 according to
the embodiment, the shape of the upper surface 17A
would not be significantly different from the shape of the
lower surface 17B. According to the study made by the
inventors, the shape of the upper surfaces 17A are not
so influential as the shape of the lower surfaces 17B.
Thus, defining the maximum dimension between the up-
per surface 17A and the blade chord C for the upper
surfaces 17A as K2, the relationship between the maxi-
mum axial chord length Lm of the stationary blade 17
and the maximum dimension K2, namely Lm/K2, is not
so important, and may be consequently determined in
accordance with the shape of the lower surface 17B.
[0016] It has been found that defining the angle be-
tween an imaginary plane S including the axial line X and
passing through the center of the stationary blade 17 and
the blade chord C of the stationary blade 17 (an imaginary
line connecting the two intersection points of the upper

surface 17A and the lower surface 17B) as a blade angle
θ and defining the angle of a rotational component of a
swirling flow or rotational fluid flow discharged from the
front impeller 15 at the target operating point as θr as
shown in Fig. 4, the blade angle θ is preferably a value
close to θr. However, the allowable range of deviation is
not specifically limited.
[0017] The arrows shown in Fig. 4 represent stream-
lines indicating the flow path of the fluid flow produced
by the front blades 11, the stationary blades 17, and the
rear blades 23. According to the embodiment in which
the above relationships are satisfied, a loss produced by
the presence of the stationary blades 17 can be mini-
mized. If the above relationships are satisfied, in addition,
it is possible to effectively prevent or restrain flow sepa-
ration of a fluid flowing along the surfaces of the stationary
blades 17 from the surfaces (in particular, the upper sur-
faces 17A) of the stationary blades 17, thereby reducing
noise.
[0018] In the embodiment, in addition to the above re-
lationships, the stationary blades 17 are shaped such
that the maximum dimension K1 becomes closer to zero
toward the hub 21. That is, the stationary blades 17 are
shaped such that the lower surface 17B become flatter
toward the hub 21. Such stationary blades 17 produce
small noise compared to stationary blades shaped such
that the lower surface 17B does not become flatter toward
the hub 21.
[0019] Fig. 5 shows the tendency of variations in noise
level for different values of K1 at the target operating
point with the blade angle θ of the stationary blades 17
constant, with the rotational speeds of the front impeller
15 and the rear impeller 27 each constant, with Lm and
K2 each constant, and with motor’s lead wires installed
in the stationary blade 17 as shown in Fig. 6A or 6B and
extending out of the casing 3. In Fig. 5, the dotted line
indicates the noise - air flow characteristics with K1 at a
large value, and the solid line indicates the noise - air
flow characteristics with K1 at a small value. As seen
from the noise - air flow characteristics shown in Fig. 5,
noise produced by the entire fan can be reduced by op-
timizing the shape of the stationary blades 17. The data
shown in Fig. 5 are obtained with K2 becoming smaller
as K1 becomes smaller. In the examples of Figs. 6A and
6B, thin lead wires with a low withstand voltage, such as
thin enameled wires or polyurethane enameled wires,
formed by coating the surface of a conductor with an
electric insulating material are used as lead wires 18.
The lead wires 18 are installed in a path constructed by
recesses formed at the mating surfaces of two divided
stationary blades 17a and 17b, as in the structure dis-
closed in Japanese Patent No. 4128194. The structure
for installing the lead wires 18 in the stationary blade 17
is not limited to the examples of Figs. 6A and 6B, and
the stationary blade 17 may be molded with the lead wires
18 embedded as inserts. If a structure in which the lead
wires 18 are not exposed as in the above embodiment
is adopted, the effect obtained by the stationary blades
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17 configured to satisfy the above relationships can be
maximized. When thin lead wires are used, all the lead
wires may be installed in at least one stationary blade,
or the lead wires may be installed in respective stationary
blades in a distributed manner. Such thin lead wires may
be connected to ordinary thick coated lead wires outside
the casing 3 using connectors.
[0020] Alternatively, a flexible printed wiring board or
wire harness may be used without using thin lead wires.
Fig. 7A shows a flexible printed wiring board FPC mount-
ed on one of two divided casings 3A which construct the
casing 3, as in the fan disclosed in Japanese Patent No.
4128194. Fig. 7B shows only the flexible printed wiring
board FPC. In the example, the main portion of the flex-
ible printed wiring board FPC is sandwiched between the
divided casing 3A and the other divided casing (not
shown). Thus, the presence of the flexible printed wiring
board FPC does not cause noise.
[0021] Further, it is a matter of course that thin lead
wires may be fixed to the lower surface 17B of the sta-
tionary blade 17 using an adhesive tape or a thinly applied
adhesive film.
[0022] According to the counter-rotating axial flow fan
of the present invention, loss produced by stationary
blades is reduced, improved characteristics are provid-
ed, and noise is reduced compared to the existing coun-
ter-rotating axial flow fans, thereby providing industrial
applicability.
[0023] While certain features of the invention have
been described with reference to example embodiments,
the description is not intended to be construed in a limiting
sense. Various modifications of the example embodi-
ments, as well as other embodiments of the invention,
which are apparent to persons skilled in the art to which
the invention pertains, are deemed to lie within the spirit
and scope of the invention.

Claims

1. A counter-rotating axial flow fan comprising:

a casing (3) including an air channel (9) having
a suction port (5) on one side in an axial direction
and a discharge port (7) on the other side in the
axial direction;
a front impeller (15) including a plurality of front
blades (11) and configured to rotate in the air
channel (9);
a rear impeller (27) including a plurality of rear
blades (23) and configured to rotate in the air
channel (9); and
a middle stationary portion (19) including a hub
(21) which is disposed to be stationary between
the front impeller (15) and the rear impeller (27)
in the air channel (9) and to which a motor device
configured to drive the front impeller (15) and
the rear impeller (27) is fixed, and a plurality of

stationary blades (17) coupled to an outer pe-
ripheral surface of the hub (21) and an inner pe-
ripheral surface of the casing (3) and disposed
at intervals in a circumferential direction of the
air channel (9), characterized in that:

defining the maximum axial chord length of
the front blades (11) as Lf, the maximum
axial chord length of the rear blades (23) as
Lr, and the maximum axial chord length of
the stationary blades (17) as Lm, Lf, Lr, and
Lm each being a positive integer, the follow-
ing relationship is satisfied: Lm/(Lf + Lr) <
0.14;
defining the rotational direction of the front
impeller (15) as a forward rotational direc-
tion, surfaces of the stationary blades (17)
facing the forward rotational direction as up-
per surfaces (17A), and surfaces of the sta-
tionary blades (17) facing a direction oppo-
site the forward rotational direction as lower
surfaces (17B), the upper surfaces (17A)
and the lower surfaces (17B) of the station-
ary blades (17) are curved to be convex to-
ward the forward rotational direction;
the stationary blades (17) are formed such
that the axial chord length thereof becomes
larger from an inner end (17C) located on
the hub side toward an outer end (17D) lo-
cated on the casing side; and
defining the maximum dimension between
the blade chord for the lower surfaces (17B)
and the lower surfaces (17B) as K1, the sta-
tionary blades (17) are formed such that the
maximum dimension K1 becomes larger
from the inner end (17A) toward the outer
end (17B) and a relationship of Lm/K1 > 5.8
is satisfied.

2. The counter-rotating axial flow fan according to claim
1, wherein
the stationary blades (17) are shaped such that the
maximum dimension K1 becomes closer to zero to-
ward the hub (21).

3. The counter-rotating axial flow fan according to claim
1, wherein
the plurality of stationary blades (17) are disposed
at equidistant intervals in the circumferential direc-
tion.

4. The counter-rotating axial flow fan according to claim
3, wherein
a plurality of lead wires extending from the motor
device pass inside at least one of the stationary
blades (17) to be pulled out of the casing (3).

5. The counter-rotating axial flow fan according to claim
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3, wherein
a plurality of lead wires extending from the motor
device are pulled out of the casing (3) in close contact
with the lower surface (17B) of at least one of the
stationary blades (17).

9 10 
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