AXTIAL FLOW EFAIN

The present invention relates to the shape of the axial flow
fan of an air blowing section in an appliance required to blow
air, such as a fan, a ventilator or a heater.

BACKGROUND ART

FIGS. 3 and 4 are explanatory views showing an axial flow
fan having conventional five blades. FI(G. 3 is a front view
showing a conventional five-bladed axial flow fan, and FIG. 4
is a perspective view showing the conventional five-bladed
axial How fan. FIG. 14 is a view showing the spread of the
wind generated when the conventional five-bladed axial flow
fan is rotated. FIG. 16 is an explanatory view showing an axial
flow fan having blades, the number of which is made larger
than that of the blades of the conventional axial flow fan,
while the shape of the blades remains the same.

Conventionally, an axial flow fan having three to five
blades, in particular, an axial flow fan having five blades
shown in FIGS. 3 and 4, is frequently used for general fans or
the like. Since such an axial flow fan is easy to mold when it
is produced, the shape of the fan has been unchanged for
many years. ' .

Furthermore, as shown in FIG. 14, in the case that the
conventional axial flow fan having five blades, 30 cm in
diameter, was rotated at 800 rpm, the diameter of the wind 19
generated from the axial flow fan was 50 cm at a position 3 m
away from the front of the axial flow fan; the spread of the
wind was almost negligible.

However, for example, the wind generated by a fan is
frequently required to be distributed in a wide range, as in the
case that such a fan is generally equipped with an oscillating
function. Moreover, a blower is also used for a heater to
distribute heat widely to a living space. Even in this case, heat
transier to the space is attained more easily when the air
blowing range of the blower is wider.

In these circumstances, in the case of an appliance that uses
an axial flow fan to blow air, it is frequently found that the fan
is used more conveniently when the area of the wind gener-
ated during use is wider. For example, in the case that a huge
axial flow fan is rotated, wind having a large area can be
obtained. However, it is not realistic to install such a huge
axial flow fan in the air blowing section of an existing appli-
ance having an air blowing function because of the limited
space in the appliance. Hence, it is preferably desired that the
spread of the generated wind, i.e., the area of the wind, is
increased without changing the diameter of the axial flow fan.

Furthermore, the volume of the wind generated from the
axial flow fan becomes larger as the area of the blades thereof
is larger in the case that the rotation speed is the same.

This means that, in the case that an axial flow fan, the area
of the blades ot which is larger than that of the conventional
axial flow fan having five blades, for example, is rotated, the
rotation speed of the axial flow fan can be made lower than
that of the conventional axial flow fan having five blades, for
example, to obtain the same volume ofwind. This may lead to
improvement in noise and power consumption.

Howewver, at present, most of axial flow fans foruse in fans,
ventilators, heaters, etc. do not have more than five blades,
and axial flow fans, the areas of the blades of which are
significantly large, are not available.

This is mainly attributed to the fact that knowledge about
fluid dynamics, etc. are required to design an axial flow fan
having excellent efficiency and the fluid dynamaics itselt has



many unknown aspects, whereby difficulties 1n design are
anticipated easily and problems that can arise during high-
volume production are anticipated.

For example, in the case that for the purpose of increasing,
the area of the blades of an axial flow fan, a shape 21 is formed
by increasing the number of the blades of a generally-used
five-bladed axial flow fan 10 while the shape of the blades
remains unchanged as shown in FIG. 16, an overlap 22 is
generated between the adjacent blades at the root sections of
the blades as viewed from the front of the axial flow fan. This
means that an undercut portion is generated when a two-part
injection molding die for high-volume production is used for
plastic molding., for example. This is unrealistic when it is
assumed that high-volume production is carried out.

Moreover, as a solution to this problem, an idea of making
the root sections of the blades slender so that the adjacent
blades do not overlap can be conceirved easily. However, a
larger load is applied to a portion closer to the outer circurm-
ference of each blade during rotation, and the load is sup-
ported only by the root section that is made slender to prevent
overlap, whereby there occurs a problem in the strength ofthe
root section. Hence, it is preferably desired that the number
and the area of the blades of the axial flow fan are increased
while the strength of the axial flow fan itself is maintained
high by adopting a shape that can be produced by two-part
injection molding serving as a general high-volume produc-
tion method.
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SUMMARY OF THE INVENTION
Problem to be Solved by the Invention

One problem to be solved by the present invention is that
although wind having a wider area is frequently demanded in
axial flow fans for blowing air, conventional axial flow fans
cannot generate such wind having a wider area. Amnother
problem to be solved is that in the case that the area of the
blades is increased to produce an axial flow fan featuring a
large volume of wind, low rotation speed, low noise and
energy saving, the efficiency during high-volume production
iz hardly compatible with the strength of the axial flow fan
itself.

Means for Solving the Problem

An axial flow fan according to the present invention is
eguipped with a rotation shaft section to be mounted on the
rotation shaft of rotation drive means, such as a motor, an
inner blade group provided outside the rotation shaft section
50 as to be coaxial therewith, and an outer blade group pro-
vided outside the inner blade group so as to be coaxial there-
with, and the axial flow fan i1s characterized in that the inner
blade group is formed of a plurality of inner blades provided
radially around the rotation shaft section and that the outer



blade group is formed of a plurality of outer blades provided
radially around the rotation shaft section.

More specifically, the axial flow fan according to the
present invention is equipped with the rotation shaft section,
an intermediate ring positioned between the rotation shaft
section and the outer circumference of the fan and being
concentric with the rotation shaft section, the inner blade
group extending to the intermediate ring from the rotation
shaft section serving as a root, and the outer blade group
extending to the outer circumference of the fan from the
intermediate ring serving as a root, wherein the inner blade
group is different from the outer blade group in the number,
area, shape and angle of the blades so that the inner blade
group and the outer blade group do not relate to each other in
shape, whereby the blades can be formed into shapes so as not
1o overlap with each other as viewed from the front of the fan
and the intermediate ring contributes to the increase in the
strength of the entire fan.

In addition, the axial flow fan according to the present
invention is characterized in that since the inner blade group
is different from the outer blade group in the number, areza,
shape and angle of the blades, when the axial flow fan is
rotated as a fan, the velocity of the wind generated from the
inner blade group can be made different from the velocity of
the wind generated from the outer blade group.

More specifically, the axial flow fan according to the
present invention is equipped with the rotation shaft section;
the intermediate ring positioned between the rotation shaft
section and the outer circumference of the fan and being
concentric with the rotation shaft section; the inner blades
extending radially around the rotation shaft section to the
intermediate ring and connected to the intermediate ring
while the roots of the inner blades are connected to the rota-
tion shaft section; the inner blade group formed of the plural-
ity of the inner blades duplicated and arranged seguentially in
the rotation direction arouncd the rotation shaft section; the
outer blades expanding and extending to the outer circumifer-
ence of the fan as viewed from the front in the radial direction
around the rotation shaft section while the roots of the outer
blades are connected to the intermediate ring; and the outer
blade group formed of the plurality of the outer blades dupli-
cated and arranged sequentially in the rotation direction
around the rotation shaft section.

Furthermore, the inner blades of the inner blade group are
connected to the rotation shatft section while having an attack
angle in the rotation direction; the outer blades of the outer
blade group are connected to the intermediate ring while
having an attack angle in the rotation direction; the front
fringe of the inner blade in the rotation direction and the front
fringe of the outer blade in the rotation direction are not on a
continuous line as viewed from the front of the fan; the rear
fringe of the inner blade in the rotation direction and the rear
fringe of the outer blade in the rotation direction are not on a
continuous line as viewed from the front of the fan; and the
mner blade group is independent of the outer blade group.

The number, area, angle and shape of the inner blades of the
inner blade group and those of the outer blades of the outer
blade group connected to the intermediate ring can be set
independently.

When the attack angle of the inner blade is o, and the attack
angle of the outer blade is <, it is preferable that the attack
angle o, and the attack angle o, have a relationship of o, <o, .
In the case that the attack angle of the inner blade is different
depending on position, the attack angle o, is used as an
average value, and in the case that the attack angle of the outer
blade is different depending on position, the attack angle o, 1s
used as an average value. Furthermore, when the total area of



the inner blades is S, and the total area of the outer blades is
S,, it is preferable that the area S, and the area S, have a
relationship of S,<S,. Moreover, it is preferable that the
velocity V,; of the wind generated by the inner blade group
and the Veloc,xty V, of the wind generated by the outer blade
group have a rel "ithIlSh]p of 1.5V, <V ,.

Additionally, it is prcfc,rabh, that the total area S_ of the
gaps among the adjacent inner blades of the inner bl ade gsroup
as viewed from the front of the fan and the total area S, ofthe
inner blades have a relationship of S <0.12S, . In the case that
the gap between the inner blades is large as in the axial flow
fan based on the conventional technology, air 1s sucked from
the gap between the inner blades by the fast and strong wind
generated by the outer blade group, and this air joins the wind
generated by the inner blades, whereby the velocity of the
obtained wind is increased. Hence, the difference between the
velocity of the wind generated by the region of the inner
blades and the velocity ofthe wind generated by the region of
the outer blades does not become very large.

Still further, when a projection view from the point of view
in which the rotation shaft section of the axial flow fan and the
outer circumference of the fan can be seen concentric is a
front view of the intermediate ring, the cross-section of the
intermediate ring in the side view is not reguired to be formed
into a plate shape but may be formed into other shapes, such
as an elliptical shape and a wing shape.

Effect of the Invention

FIGS. 1 and 2 are views showing the axial flow fan accord-
ing to the present invention. FIG. 1 is a front view showing the
axial flow fan according to the present invention, and FIG. 2
is a perspective view showing the axial flow fan according to
the present invention and an explanatory view of a motor,
FIGS. 3 and 4 are explanatory views of the axial flow fan
having the conventional five plates. FIG. 14 is a view showing
the spread of the wind generated when the conventional five-
bladed axial flow fan is rotated. FIG. 15 is an explanatory
view showing the spread of the wind generated when the axial
flow fan according to the present invention is rotated.

With the present invention, since the inner blades 2 of the
inner blade group of the intermediate ring 1 is made different
from the outer blades 3 of the outer blade group thereof in
number, shape and angle, when the axial flow fan is rotated,
the volume of the wind pushed out from the inside of the
intermediate ring 1 can be made different from the volume of
the wind pushed out from the outside of the intermediate ring
1. More specifically, in the case that the axial flow fan is
rotated as a single axial flow fan 7, the velocity of the wind
generated from the inside 11 of the intermediate ring 1 can be
made different from the velocity of the wind generated from
the outside 12 thereof, and a difference in density can be
generated between the air pushed out from the inside 11 ofthe
intermediate ring 1 and the air pushed out from the outside 12
thereof. Hence, the present invention is effective in that the
wind generated from the inside 11 of the intermediate ring 1
and the wind generated from the outside 12 thereof are
allowed to influence each other, and a movement 19 in which
the wind usually spreads only mildly can be changed to a
movement in which the wind flows in different directions.

In addition, with the present invention, since the inner
blades 2 of the inner blade group of the intermediate ring 1
and the outer blades 3 of the outer blade group thereof are
adjusted in number, angle and shape according to design
intention, when the axial flow fan is rotated as the single axial
flow fan 7, the difference between the velocity of the wind
generated from the inner blade group of the intermediate ring



and the velocity of the wind generated from the outer blade
group therecof can be dd]UblCd Hence, the present invention is
effective in that the change in the direction of the wind gen-
erated from the front ofthe axial flow fan due to the difference
can be adjusted intentionally.

Furthermore, with the present invention, in the case that the
number, area and shape of the blades of the inner and outer
blade groups of the intermediate ring 1 are set according to
design intention so that the velocity V, of the wind generated
from the outside 12 of the intermediate ring 1 is significantly
higher than the velocity V', of the wind generated from the
inside 11 of the intermediate ring 1, due to the difference in
the density of the fluid pushed out at a position very close to
the front of the rotating axial flow fan, the wind generated
from the outside of the intermediate ring 1 is pulled by the
wind generated from the inside of the intermediate ring 1 and
being low in density. Usually, the movement 19 in which the
wind spreads mildly can be changed to a movement 30 in
which the wind is drawn inward. The wind is thus collected at
a position 31 located a short distance of several ten cm from
the front of the rotating axial flow fan. Then, due to the kinetic
energy of the swirling air generated from the rotating axial
flow fan and the counteraction of the collection of the wind at
the one position, the movement is changed to a movement 20
in which the wind bprcadb extensively. Fence, the present
invention is effective in that wind having an area larger than
the spread of the wind from the conventional axial flow fan
can be generated at a point away from the front of the rotating
axial flow fan, approximately 3 m for example.

More specifically, with the present invention, the number,
area and shape of the blades of the inner and outer blade
groups of the intermediate ring 1 are set according to design
intention. Hence, the present invention is effective in that the
area of the wind generated at the position away from the front
of the rotating axial flow fan, approximately 3 m for example,
can be made five times or more as wide as the area of the wind
generated when a conventional three- or five-bladed axial
flow ftan 10 is rotated at the same rotation speed.

Besides, with the present invention, the front fringe 32 of
the inner blade 2 in the rotation direction 36 and the front
fringe 33 of the outer blade 3 in the rotation direction 36 do
not form a continuous line as viewed from the front, the rear
fringe 34 of the inner blade 2 in the rotation direction 36 and

" the rear fringe 35 of the outer blade 3 in the rotation direction
36 do not form a continuous line as viewed from the front, and
the blades 2 of the inner blade group and the blades 3 of the.
outer blade group can be formed into shapes independent
from each other. For example, even in the case that the total
area of the outer blades is made larger by increasing the
number of the blades 3 of the outer blade group of the inter-
mediate ring 1, the number of the inner blades 2 of the inner
blade group of the intermediate ring 1 commected to the rota-
tion shaft section can be decreased. Hence, the present inven-
tion is effective in that the total arca of the blades of the entire
axial flow fan can be made larger while eliminating overlap
between the blades in the vicinity of the rotation shaft section
and facilitating injection molding at the time of high-volume
production.

What’s more, with the present invention, the 1ntermed1 ate
ring 1 itself increases the physical strength of the entire axial
ﬁow tan. Hence, the present invention is effectlve in that even
in the case that the total area of the blades of the axial flow fan
is made larger, sutficient strength can be provided in the case
that a general high-volume production method, such as plas-
tic mjection molding, is used.

Additionally, with the present invention, the inner blade
group and the outer blade group of the intermediate ring 1 are



not required to be formed continuously in the radial direction
but can be made independent from each other. At the time of
high-volume production, an axial flow fan in which the total
number of the blades and the total area of the blades are
increased can be produced without consideration of the over-
lap between the blades, i.e., a problem during high-volume
production. Flence, the present invention is effective in thatin
the case that this axial flow fan is rotated, the axial flow fan
can produce the volume of wind larger than that obtained
when the conventional three- or five-bladed axial flow fan is
rotated at the same rotation speed.

Still further, with the present invention, the number of the
blades of the inner blade group of the intermediate ring 1 and
the number of the blades of the outer blade group therecof can
be set without consideration of the overlap of the blades at the
root sections thereof and the problem of insufficient strength
after production, and the number of the blades can be
increased significantly. It is said that the wind from a five-
bladed axial flow fan is felt more gently and favorably than
that from a three-bladed axial flow fan, for example. Hence,
the present invention is effective in that the axial flovw fan
according to the present invention can generate wind that can
be felt still more gently and favorably by using more than five
blades.

BRIEF DESCRIPTION OF THE DRAWINGS

IF1G. 1 is a front view showing an axial flow fan according
to the present invention;

F1G. 2 is a perspective view showing the axial flow fan
according to the present invention and a motor;

FIG. 3 is a front view showing a conventional five-bladed
axial flow fan;

FIG. 4 is a perspective view showing the conventional
five-bladed axial flow fan;

FI1G. Sis a trihedral view showing the axial flow fan accord-
ing to the present invention;

FI1G. 6 is an explanatory view showing the axial flow fan,
the motor on which the axial flow fan is mounted. and a
fan-type motor supporting apparatus for supporting the
motor:

FI1G. 7 is an explanatory view showing the axial flow fan
according to the present invention mounted in the fan-type
motor supporting apparatus;

F1G. 8 is an explanatory view showing a general axial flow
fan having conventional five blades in the fan-type motor
supporting apparatus; ‘

FI1G. 9 is a perspective view showing measurement points
that are used when the air blowing range of the axial flow fan
is measured;

FIG. 10 is a view showing the measurement points that are
used when the air blowing range of the axial flow fan is
measured;

F1G. 11 is an explanatory view showing an axial flow fan
equipped with a plurality of intermediate rings according to
the present invention;

F1G. 12 is an explanatory view showing the axial flow fan
according to the present invention mounted in a ventilator 17

F1G. 13 is an explanatory view showing a heater incorpo-
rating the axial flow fan according to the present invention;

FI1G. 14 is an explanatory view showing the spread of the
wind generated when the conventional five-bladed axial flow
tan 1s rotated;

FIG. 1S is a view showing the spread of the wind generated
when the axial flow fan according to the present invention 1s
rotated; and



FIG. 16 is an explanatory view showing the axial flow fan
having blades, the number ofwhich is made larger than that of
the blades of the conventional axial flow fan while the shape
of the blades remains the same.

MODES FOR CARRYING OUT THE INVENTION

An object of the present invention is to provide an air
blowing axial flow fan for generating wind having a wider
area, a larger volume and being gentle and favorable without
changing the outside diameter and the rotation speed of the
axial flow fan. This object is accomplished by adopting a
configuration in which an intermediate ring being concentric
with the rotation shaft section of the axial flow fan is provided
between the rotation shaft section and the outer circumifer-
ence of the fan, and the blades of the inner and outer blade
groups of the intermediate ring are designed so as to have any
given shape, number and area while high-volume production
is made possible and the problem in the strength of the axial
flow fan itself is solved.

Embodiment 1

FIG. 1 is a front view showing an axial flow fan according
to the present invention, FIG. 2 is a perspective view showing
the axial flow fan according to the present invention and a
motor, FIG. 3 is a front view showing a conventional five-
bladed axial flow fan, FIG. 4 is a perspective view showing
the conventional five-bladed axial flow fan, FIG. S is a trihe-
dral view showing the axial flow fan according to the present
invention, FIG. 6 is an explanatory view showing the motor
on which the axial flow fan is mounted and a fan-type motor
supporting apparatus for supporting the motor, FIG. 7 is an
explanatory view showing the axial flow fan according to the
present invention mounted in the fan-type motor supporting
apparatus, FIG. 8 is an explanatory view showing a general
axial flow fan having a conventional five blades in the fan-
type motor supporting apparatus, FIGS. 9 and 10 are explana-
tory views showing measurement points that are used when
the air blowing range of the axial flow fan is measured. FIG.
14 is an explanatory view showing the spread of the wind
generated when the conventional five-bladed axial flow fan is
rotated. FIG. 15 is an explanatory view showing the spread of
the wind generated when the axial flow fan according to the
present invention is rotated.

In these figures, numeral 1 designates an intermediate ring
positioned between the rotation shaft section and the outer
circumference of the axial flow fan and concentric with the
rotation shaft section. In this case, the diameter of the inter-
mediate ring 1 is 17 cm. Numeral 2 designates an inner blade
of the intermediate ring 1, and the number of the inner blades
included in the inner blade group of the intermediate ring 1
and arranged sequentially is five. Numeral 3 designates an
outer blade of the intermediate ring 1, and the number of the
outer blades included in the outer blade group of the interme-
diate ring 1 and arranged sequentially is nine. Furthermore,
the rotation shaft section 4 of the axial flow fan is provided so
as to be connected to the rotation shaft 6 of a motor S with a
screw or the like.

The intermediate ring 1, the inner blade group formed of
the inner blades 2 arranged sequentially, the outer blade group
formed of the outer blades 3 arranged sequentially and the
rotation shaft section 4 are connected to form a single plastic
molded component. This molded component rotates as a
single axial flow fan 7 having a diameter of 30 cm.

Furthermore, in order that the volume of the wind gener-
ated by the rotation of the axial flow fan 7 1s increased, each



of the blades 2 of the inner blade group and the blades 3 of the
outer blade group of the intermediate ring 1 is configured so
as to have a large area. Moreover, the shape and angle of each
of the blades of the inner and outer blade groups of the
intermediate ring 1 are set so that the difference between the
velocity of the wind generated from the inner blade group and
the velocity of the wind generated from the outer blade group
becomes large when the axial flow fan 7 is rotated, that is to
say, so that the velocity V, of the wind generated from the
outer blade group formed of the outer blades 3 is larger than
the velocity V', of the wind generated from the inner blade
group formed of the inner blades 2.

The axial flow fan 7 was mounted on the rotation shaft 6 of
the motor S5, and the motor 5 equipped with the axial flow fan
7 was mounted in a supporting apparatus 8 by securing the
motor S thereto with a screw or the like, whereby a fan-type
blower 9 was prepared.

The axial flow fan 7 of the blower 9 was then rotated at 800
rpm. The velocity of the generated wind vwas measured at a
distance 1 cm away from the front of the axial flow fan 7 and
at a position where the wind was generated from the inner
blade group formed of the inner blades 2 arranged sequen-
tially, that is, at a position 11 away from the rotation shaft
section by 4 cm in the outer circumiferential direction of the
fan. Furthermore, the velocity of the wind was also measured
at a position where the wind is generated from the outer blade
group formed of the outer blades 3 arranged sequentially, that
is, at a position 12 away from the rotation shaft section by 10
cm in the outer circumferential direction of the fan. The
the wind velocity is the average value of the wind velocity
values measured continuously for one minute at each posi-
tion.

Axial flow fan 7 according to the present invention

AL position 11 away from At position 12 away from
rotation shaft section rotation shaft section
by 4 cim in outer by 10 cin in outer
circumiferential direction circumferential direction
3.538 mi/s 6.23 nvs

Next, the general axial flow fan 10 having a diameter of 30
cm and formed of the conventional five blades was prepared,
and the axial flow fan 10 was mounted on the rotation shaft 6
ofthe motor 5, and the motor equipped with the axial flow fan
was mounted in the supporting apparatus 8 by securing the
motor S thereto with a screw or the like, whereby a fan-type
blower 13 was prepared.

The axial flow fan 10 of the blower 13 was then rotated at
K00 rpm. In order that the measurement results correspond to
those shown in Table 1, the velocity of the generated wind was
measured at a distance 1 cm away from the front of the axial
flow fan 10 and at a position 14 away from the rotation shaft
section by 4 cm in the outer circumferential direction of the
fan. Furthermore, the velocity of the wind was also measured
at a position 15 away from the rotation shaft section by 10 cm
in the outer circumiferential direction of the fan. The results of
the measurement are shown in Table 2. The value of the wind
velocity is the average value of the wind velocity values
measured continuously for one minute at each position.



TABLE 2

Axial flow fan 10 formed of conventional five blades

At position 14 away from At position 15 away from
rotation shaft section rotation shaft section
by 4 crn in outer by 10 crm in outer
circumiferential direction circumiferential direction
3.30 /s 4.29 m/s

When a comparison is made between Table 1 and Table, the
wind velocity at the position away from the rotation shatt
section by 10 cm in the outer circumferential direction of the
fan is 1.74 times the wind velocity at the position away from
the rotation shatt section by 4 cm in the outer circumiferential
direction of the fan in the case of Table 1. In the case of Table
2, the difference in the wind velocity is 1.3 tumes. It is thus
found that in the case of the axial flow fan 7 according to the
presentinventionin Table 1, the difference between the veloc-
ity of the wind generated in the vicinity of the outer circum-
ference of the axial flow fan during the rotation and the
velocity of the wind generated in the vicinity of the rotation
shaft section is larger than the difference therebetween in the
case of the axial flow fan 10 formed of the conventional five
blades in Table 2.

At this time, in the case of the axial flow fan 10 formed of
the conventional five blades in Table 2, the difference
between the velocity of the wind generated in the vicinity of
the outer circumference of the fan and the velocity of the wind
generated in the vicinity ofthe rotation shaift section of the fan
is small, and the axial flow fan 10 generates wind spreading
mildly in a direction 19 as shown in FIG. 14.

Furthermore, in the case of the axial flow fan 7 according to
the present invention in Table 1, the difference between the
velocity of the wind generated in the wvicinity of the outer
circumiference of the fan and the velocity of the wind gener-
ated in the vicinity of the rotation shaft section of the fan is
large. Hence, when the axial flow fan is rotated, a large dif-
ference occurs between the amount of the air pushed out in a
space 24 shown in FIG. S at a position very close to the front
of the fan and in the vicinity of the rotation shaift section and
the amount of the air pushed out in a space 25 shown in FIG.
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S in the vicinity of the outer circumference of the fan; in other
words, a difference occurs in the density of the air. IDue to the
difference in the density of the air pushed out, the wind
generated from the outside of the intermediate ring 1 is pulled
by the wind generated from the inside of the intermediate ring
1 and being low in density. Usually, the movement 19 in
which the wind spreads mildly is changed to the movement 30
in which the wind is drawn inward. The wind is thus collected
at the position 31 located a short distance of approximately 40
cm from the front of the axial flow fan 7. Then, due to the
counteraction of the collection of the wind at the one position,
the movement is changed to the movement 20 in which the
wind spreads extensively. The measurement results of the
spread of the wind will be described below.

The rotation shaft section of the axial flow fan 7 of the
blower 9 was then positioned horizontally, the height of the
rotation shaft section was set at 60 ci from the ground, and
the rotation shaift section was rotated at 8300 rpmm. For the
purpose of checking the spread of wind. a net-like measure-
ment space shown in FIGS. 9 and 10 was set on a horizontal
plane orthogonal to the rotation shaft section of the axial flow
fan 7 in the front direction of the axial flow fan 7, and a
plurality of measurement points, i.e., black points 16, were
set, and the velocity of the wind was measured at each of the
points 16. The results of the measurement are shovwn in Table
3. The value of the wind velocity is the average value of the
wind velocity values measured continuously for two minute
at each position.

TABLE 3

Unit: m/s
75 cm 50 cm 25 cm 25 cm 50 cm 75 cm
leftward leftward leftward Front rightward rightward rightward

O [ [ - —— — 0

25 cm O O 2.77 O O QO o}
50 cm 0 O 0.2 2.8 0.21 O 0] 25 cm
75 cmn O 4] 0.88 2.83 .85 O 0 50 cm
100 cm O O 1.42 ©2.57 1.36 Q O 75 cm
125 ecm QO 0O 1.18 2.3 1.2 ¢ O 100 cm
150 cm &} 0 1.04 2.07 1.08 ¢ O 125 cm
175 cm O O 1.04 1.88 1.06 O O 150 cm
200 cm 0 0O 1.14 1.68 1.1 0 Q 175 cm
225 cm 9] 011 0.85 1.49 0.9 0.1 4] 200 cm
250 cm O 0.14 0.94 1.44 .92 0.17 0 225 cm
275 cm O 0.18 0.69 1.27 0.72 0.16 0O 250 cm
300 cm 0.06 0.16 0.61 1.17 0.63 0.15 0.05 275 cm

Next, the rotation shaft section of the axial flow fan 10 of
the blower 13 was positioned horizontally, the height of the
rotation shaft section was set at 60 cm from the ground, and
the rotation shaft section was rotated at 800 rpm. In order that
the measurement results correspond to those shown in Table
3 described above, the velocity of the wind was measured at
each point under measurement conditions similar to those of
the measurement shown in Table 3. The results of the mea-
surement are shown in Table 4. The value of the wind velocity
is the average wvalue of the wind velocity values measured
continuously for two minute at ecach position.
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TABLE 4
Unit: m/s
75 cm S0 an 25 cin 25 cm 50 cm 75 cm
leftward leftward leftward Front rightward rightward rightward

0 — —_ S — —_— —_ — 0

25 cm 0 0 0 3.22 0 0 0 0
50 em 0 0 0 3.28 0 0 0 25 cm
75 cm 0 0 0.01 3 0.02 0O O 50 camn
100 cm 0 0 0.3 2.69 0.35 0 0 75 cm
125 cm 0 0 0.55 2.28 0.52 0 9] 100 cm
150 em 0 0 0.52 2.08 0.48 0 0 125 cm
175 cm ] 0 0.47 1.86 042 0 0 150 cm
200 cm 0O 0 0.45 1.62 0.48 0o 4] 175 cm
225 cm 0 0O 0.65 1.5 0.61 0 4] 200 cm
250 cm 0 0 0.5 1.36 0.46 0 O 225 cm
275 cm 0 0 0.44  1.21 0.43 0 o 250 cm
300 ¢m 9] 0 0.44 1.01 0.4 0O 0 275 cm

When a comparison is made between Table 3 indicating the
range of the wind of the axial flow fan 7 according to the
present invention and Table 4 indicating the range of the wind
of the axial flow fan 10 formed of the conventiomal five
blades, it is found that the air blowing range of the axial flow
fan 7 according to the present invention in Table 3 is larger
than that of the axial flow fan 10 even though the two axial
flow fans are the same in diameter and rotation speed:; in other
words, it is found that the area of the wind generated by the
axial flow fan 7 can be made larger. Furthermore, the wind
generated when an axial flow fan is rotated has an approxi-
mately circular shape as viewed from the fromt. Hence, the
wind generated by the axial flow fan 7 according to the
present invention has a diameter of approximately 1.5 m ata
position 3 m away from the fan, and the wind generated by the
axial flow fan 10 formed of the conventional five blades has a
diameter of approximately 50 cm at the same position. Hence,
at the position 3 m away from the front of the fan, it is found
that the axial flow fan 7 according to the present invention
generates wind, the area of which is approximately nine times
the area of the wind generated by the axial flow fan 10 formed
of the conventional five blades.

It is assumed that the above-mentioned results are caused
by the ratio of the wind velocity values between the inner
blade group and the outer blade group of the axial flow fan as
described above. According to the results of Table 1, the -
velocity V', of the wind generated by the inner blade group
and the velocity V,, of the wind generated by the outer blade
group according to the present invention have a relationship

results of Table 2, the velocity V', ofthe wind generated by the
inner portion and the velocity V, of the wind generated by the
outer portion of the conventional axial flow fan have a rela-
tionship of V,: V.,=1:1.3. On the basis of comprehensive judg-
ments according to these results and other experimental
results, it is assumed that the velocity V, of the wind formed
by the inner blade group and the velocity V., of the wind
formed by the outer blade group preferably have a relation-
ship of 1.5V, =V ,.

Embodiment 2

FIG. 11 is an explanatory view showing an axial flow fan
equipped with a plurality of intermediate rings according to
the present invention. :

In the above-mentioned configuration, an axial flow fan 23
eqgquipped with a plurality of intermediate rings 1 can be used
instead of the axial flow fan eguipped with the single inter-
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mediate ring 1 depending on the desired air blowing range,
the spread direction of wind and the usage.

Embodiment 3

In the above-mentioned configuration, the difference
between the velocity of the wind generated from the inner
blade group of the intermediate ring 1 and the velocity of the
wind generated from the outer blade group thereof becomes
large when the axial flow fan is rotated, whereby an effect of
changing the air blowing range of the fan is obtained, for
example. For this reason, the blades 2 of the inner blade group
of the intermediate ring 1 can be formed into, for example, a
shaft having no air blowing function and used to simply
connect the intermediate ring to the rotation shaft section,
instead of'a blade shape, depending on the desired air blowing
range, the spread direction of wind and the usage.

Embodiment 4

In the above-mentioned configuration, the difference
between the velocity of the wind generated from the inner
blade group of the intermediate ring 1 and the velocity of the
wind generated from the outer blade group thereof becomes
large when the axial flow fan is rotated, whereby an effect of
changing the air blowing range of the fan is obtained, for
example. For this reason, the blades 2 of the inner blade group
ofthe intermediate ring 1 can be formed into a blade shape for
generating wind in a direction opposite to that of the wind
generated by the blades 3 of the outer blade group of the
intermediate ring 1 when the fan is rotated as a single axial
fAow fan, depending on the desired air blowing range, the
spread direction of wind and the usage.

Embodiment S

In the above-mentioned configuration, the diameter of the
intermediate ring 1 can be set to a different size so as to be
made larger or smaller between the diameter of the rotation
shaft section and the outer circumference ofthe axial flow fan
depending on the desired air blowing range, the spread direc-
tion of wind and the usage.

FIG. 13 is an explanatory view showing a heater incorpo-
rating the axial flow fan according to the present invention.

In the above-mentioned configuration, the axial flow fan
according to the present invention can be used for not only a
fan-type blower but also, for example, a blower portion of the
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heater 18 shown in FIG. 13, and can also be used for the air
blowing sections of appliances requiring a function of blow-
1ng air in a wide range.

COMPARISON EXAMPLE 1

In the fan assembly 11 shown in FI1G. 1 in Japanese Patent
Application Laid-Open Publication No. Hei 10-141285, its
rotation shaft section was positioned horizontally, the height
of the rotation shaft section was set at 60 cim from the ground,
and the rotation shaft section was rotated at 800 rpm. In order
that the measurement results correspond to those shown in
Table 3 described above, the wind velocity was measured at
each point under measurement conditions similar to those of
the measurement shown in Table 3. The results of the mea-
surement are showmn in Table 5. The value of the wind velocity
is the average value of the wind velocity values measured
continuously for two minute at each position.

TABLE 5

Unit: m/s
75 cm 50 cm 25 cm 25 cm 50 cm 75 cm
leftward leftward leftward Front rightward rightward rightward

0 — J— — _— B —— R 0

25 cm 0 0 0 3.05 Q 0 O 0
50 cm 0O 0 0 2.84 0 O O 25cm
75 cm 0O 0 0.32 2.61 0.3 0 0 50 cm
100 cm 0O 0 0.41 2.50 0.42 0 O 75 cm
125 cm 0 0 0.49 2.32 0.5 0 9] 100 cm
150 cm 0O 0 0.71 2.09 0.68 0 O 125 cm
175 cm 0 0 0.84 1.93 0.82 0 O 150 cm
200 cm 0 O 0.75 1.75 0.71 0O 0O 175 cm
225 cm 0 0O 0.61 1.55 0.58 ¢ 0O 200 cm
250 cm 0 0 0.55 1.48 0.51 O O 225 cm
275 cm 0 0 0.45 1.32 0.49 0O O 250 cm
300 cm 0 4] 0.39 1.21 0.43 0.04 0O 275 cm

In the fan assembly 11 shown in FIG. 1 in Japanese Patent
Application Laid-Open Publication WNo. Hei 10-141285, the
gap between the inner blades thereof is large., air is sucked
from the gap between the inner blades by the fast and strong
wind generated by the outer blade group thereof, and this air
joins the wind generated by the inner blades, whereby the
velocity of the obtained wind is increased. Hence, the differ-
ence between the velocity of the wind generated by the region
of the inner blades and the velocity of the wind gencerated by
the region of the couter blades does not become large, and the
diameter of the wind is approximately SO cimm at a point 3 m
away from the fan assembly; the wind does not spread widely.

INDUSTRIAL APPLICARBILITY

FIG. 12 is aan explanatory view showing the axial flow fan
according to the present invention mounted in a ventilator,
and FI1G. 13 is an explanatory view showing a heater incor-
porating the axial flow fan according 1o the present invention.

The use of the axial flow fan according to the present
invention is not limited to fans and blowers. It is a matter of
course that the axial flow fan can be used for all kinds of
appliances requiring a blower inside, such as the ventilator 17
shown in FIG. 12 and the heater 18 shown i FIG. 13,

Furthermore, it is a matter of course that the axial flow fan
according to the present invention can be used for all kinds of”
appliances required to be cooled. such as a computer, by
decreasing the outside diameter of the fan and by incorporat-
ing the fan inside the computer.

Moreover, it is a matter of course that the axial flow fan
according to the present invention can be used for all kinds of



appliances and facilities for generating air flow, such as the
air-conditioning and air-blowing sections of building facili-

14

ties, by increasing the outside diameter of the fan.

%nll further, it is a matter of course that in the axial flow fan
according to the present invention, a substance, the movement
of which generates flow, is not limited to air, but all kinds of
fluid, such as gas and liguid, can be used as the substance, and
that the axial flow fan can be used for all kinds of appliances
for generating fluid flow, such
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an intermediate ring

the inner blades of the intermediate ring

the outer blades of the intermediate ring

the rotation shaft section of an axial flow fan

a motor

the rotation shaft of the motor

an axial flow fan according to the present invention
a motor supporting apparatus

a fan-type blower equipped with the axial flow fan
according to the present invention

a general axial flow fan formed of conventional five
blades

a wind velocity measurement point

a wind velocity measurement point

a fan-type blower equipped with the general axial How
tan formed ot the conventional five blades

a wind velocity measurerment point

a wind velocity measurement point

a wind velocity measurement point

a ventilator-type blower eguipped with the axial flow
fan according to the present invention

a heater equipped incorporating the axial flow fan

"according to the present invention in the air blowing

function section thereof

wind spreading when the axial flow fan formed of the
conventional five blacdes is rotated

wind spreading when the axial flow fan according to the
present invention is rotated

an axial flow fan equipped with ten blades, the shape of
which is the same as that of the conventional five blades
a blade overlapping portion as viewed from the front

an axial flow fan according to the present invention
equipped with a plurality of intermediate rings

a space around the rotation shaft section at a position
very close to the front of the axial flow fan according to
the present invention

a space around the outer circumiference at a position
very close to the front of the axial flow fan according to
the present invention

the direction of the wind at a position located a short
distance from the axial flow fan according to the present
irrvention when the fan is rotated

a position where the wind is collected when the axial
flow fan according to the present invention is rotated

as a screw rotated in water.
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What is claimed is:

1. An axial flow fan comprising:

a rotation shaft section to be mounted on the rotation shaft

of rotation drive means, ’

an inner blade group provided outside the rotation shaft

section so as to be coaxial therewith, and
an outer blade group provided outside the inner blade
group so as to be coaxial therewith, ’

wherein the inner blade group is formed of a plurality of
inner blades provided radially around the rotation shatt
section,
the outer blade group is formed of a plurality of outer
blades provided radially around the rotation shaft sec-
tion, and :

the velocity V', of the wind generated by the inner blade
group and the velocity V, of the wind generated by the
ocuter blade group have a relationship of 1.5V, <V,

wherein the inner blade and the outer blade have an attack
angle in the rotation direction, and when the attack angle
of the inner blade is a; and the attack angle of the outer
blade is t,, the attack angle &, and the attack angle o,
have a relationship of o, <co,.

2. The axial flow fan according to claim 1, wherein when
the total area of the inner blades is S, and the total area of the
outer blades is S,, the area S; and S, have a relationship of
S,<S,.

3. The axial flow fan according to claim 2, wherein the
outer blade group is provided outside the inner blade group
via an intermediate ring.

4. The axial flow fan according to claim 3, wherein the total
area S_ of the gaps among the adjacent inner blades of the
inner blade group as viewed from the front of the axial flow
fan and the total area S, ofthe inner blades have arelationship
of S <0.12S,.

5. The axial flow fan according to claim 4, wherein the front
fringe of the inner blade in the rotation direction and the front
fringe of the outer blade in the rotation direction are not on a
continuous line as viewed from the front of the fan, and the
rear fringe of the inner blade 1in the rotation direction and the
rear fringe of the outer blade in the rotation direction are not
on a continuous line as viewed from the front of the fan.



